Hayunom Behy UHcTHTYTa 32 PH3HKY

beorpan, 25. HoBembap 2015.

Hpemwe'r: Monaba 3a HOKPpeTake NMOCTYIKA 38 CTHIAILE 3Baiha HAYHH CABECTHHK

C 063upoM J1a UCIyHaBaM KPHTEPHjyMe Iponycane oj crpane MunucrapcTsa nmpoceeTe, HayKe
H TeXHOJOIIKOr Pa3B0ja 3a CTHIAe 3Bara HAy4YHH caBeTHUK, MoauM Hayuno sehe Hucruryra
3a (pU3MKy Ja NOKpeHe HOCTYIaK 3a MOj H300p ¥ HABEICHO 3BAMC.

Y npunory nocTaBibaM:

Munubemhe PYKOBOIHOLA IPOjeKTa

Kpartky 6norpadujy

Ilpernen nayuHe akTHBHOCTH

EnemenTe 3a KBATHTATHBHY OLEHY HAYYHOT JONPHHOCA

EjleMenTe 32 KBAHTHTATHBHY OLlEHY Hay4HOT JOIPHHOCA

Comcak 06jaB/beHHIX paioBa M lBUXO0BE KOTIHje

ITopatke o murupanoctr ca Web of Science m Google Scholar

Coucax ¥ Mpuiore KOju KOju MOTBphYy]y HAaBo/Ie ¥ MOJHETHM JOKYMCHTHMA!

90 5 O e s e b

(Ca nomToBameM,

L o

ap Munusoje HMpkosuh
Buiny HaydHW capagHuK



Hayunom Behy UHcTHTYT2 32 QH3UKY

beorpan, 25. nosembap 2015.

N

IMpenver: Munlbeme pyKOBOAHONA NPojexTa 3a u3zbop ap Muausoja Uexosuha y
3BAH-€ HAYYHH CABETHHK

Jlp Munusoje Mekosuh je sanocnen y JlaGopaTopuju 3a CHEKTPOCKOIM]Y TIasMe M
nacepe MucturyTa 32 Qusuky on 5 oxrobpa 1984. OH je aHramoBaH Ha TIPOJEKTY OCHOBHHX
HCTpaKUBaa MHHMCTAPCTBA [POCBETe, HayKe M TexHojomkor passoja OH 171014, mox
HA3UBOM “CrexmpocKoncka OujazHOCMUKa HUCKOMEMRePpamypHe niasme U 2aCHUX NPAdCIeetoa.
obmuyu cnexmpanux munuja u unmeparkyuja ca noepwunama’. C 003HMPOM 1a HCIYHaBa CBE
npensuljene ycloBe y cCKiamgy ca lIpasunnuxom o0 nOCMYNKU U HAYUHY 6DeOHOSARbA U
KEQIUMAMUGHOM UCKAZUSAILY HAVYHUX pe3yimama ucmpadcusaya MHHUICTapCTBa IPOCBETE,
HAYKe ¥ TEXHOJOMKOT Pa3Boja, cariiacHa caM ca INOKPETameM MOCTYIIKa 32 H300p Ap MuniBoja
Hexosuha y 3Bamke Hay4HHU CABCTHHK.

3a cacte Komucuje 3a u30op ap Mmmsoja MBKosuha y 3Bame HayYHH CABETHUK NPENTAKCM
Konere:

(1) ap Huxona Komesuh, npodecop emepuryc @usumukor ¢axyirera YHHBEp3uTeTa Y
Beorpany u peposuu wias Cpricke Axanemuje Hayka u YMernoctu

(2) np 3opan Iletposuh, Hayuny capeTHHK, MHCTUTYT 32 (y3uKy beorpan 0 JOMHCHM YlaH
Cpncke Axagemuje Hayka u YMETHOCTH;

(3) np Bpanmcnas Jenenkosuh, Hayunu caseTHUK, MHCTUTYT 32 QusuKy beorpaj u NOMMCHHA
yian Cpncke Akanemuje Hayka n Ymernoctu

(4) npp Cresuna Dypoeuh, pemosuu npodecop [lemapTmana 3a busuxy, Ilpupoaso
MaTematHukor (akynrera YHusep3uteta y Horom Cay

Vs Vrnwen

PyKo 0JJIaI] TIPOjeKTa

Hp Coma Jopuhenuh



buorpaduja: np Muausoje UBkoBuh

Munusoje (PamocaB) MBkouh pohen je 22.11.1956 y beorpamy, rae je 3aBpuiuo
OCHOBHY U Cpelliby eNeKTpoTexHHuKy mkoiy "Hukoma Tecna". EnekrpoTexHUUkH (axynTer -
oncek TexHuuka ¢u3HKa 3aBpIIMO j€ 0JA0paHOM JUILIOMCKOT pana ''bibeckaiunama nmodyhen
TEeYHH Jacep ca opraHckum 6ojama" jyna 1983. rogune.

Cranmno je 3amocimen ox 05. 10. 1984. rogune y JlaGopatopuju 3a CHEKTPOCKOMH]Y
wia3me u u3mkKy jacepa MHctutyTa 3a pusuky YHusepsutera y beorpany.

I[To ommacky Ha CiHy)Xelmy BOJHOI pOKa yHOHCYyje TOCTIUILNIOMCKE CTyIdje Ha
Enextporexuudkom (akynrety cMmep ONTOETeKTPOHUKA, KOJU ca yCIIEXOM 3aBpllaBa (IpoceyHa
ommeHa 10) onxOpaHoMm warmcrapckor paaa ca HacioBoM ''HcrpaxuBame MoryhHocTn
Npaxmbemha ca HYNJbOM KAaTOA0M 32 Mo0yay MOJIeKYJapHUX IacHHMX Jiacepa'' nana 28. 04.
1993.ronune. M3abpan je y 3Bame McTpakuBau capagauk 09. 04. 1996 ronune. Y ToM nepuoay
panuo je mpeBacXoAHO y oOmacTH (u3MKe, TEXHOJIOTHje M TEXHUKE Jlacepa yuecTByjyhm Ha
OpOjHUM HayYHOMCTPAKUBAYKHM, PA3BOJHUM U BOJHUM IMIPOjEKTHUMA.

Y okBupy u3paje IOKTOpPCKE Aucepranuje oH ce 0aBuo onapehuBamem Illtapk-oBux
napaMmerapa IIUpema CHEKTPAIHUX JIMHUJa HEYTPAJIHUX M JETHOCTPYKO U BHUIIECTPYKO
JOHM30BaHUX aToMa. TOKOM MCTpaXKHMBama HHXOBE MPUMEHE Yy AMJarHOCTHIIM IUIa3Me Pajuo je
Ha KOHCTPYKIIMjH, Pa3BOjy M YIOPEAHO] aHATU3U Pa3IMYUTUX HU3BOpA IJIa3Me U EJIEKTPUYHUX
TaCHUX NpPaXmbema, Kao W Ha Pa3BOjy Pa3IUYUTUX TEXHUKA AKBU3UIM]E CHEKTPOCKOICKUX
nogataka. Kanammar je omOpaHHO MOKTOPCKY JUCEpTAIMjy TOoa HaciloBoM ''OnTuuke
€MHCHOHE CIIeKTPOCKOINICKe TeXHHUKe [HMjarHOCTHKe HHCKOTeMIepaTypHe mJja3me'' Ha
Enextporexnnukom ¢akynrery y beorpamy mana 25. 11. 2005, a y 3Bame Hay4YHH capaTHUK
u3abpas je 05. 04. 2006 rogue.

Henpexkunno je on 1984 romune aHra)xoBaH Ha OCHOBHUM HCTPaXUBambHMa Yy OKBUPY
pa3NUYUTUX Npojekata MuHucTtapcTa 3a Hayky CpoOuje. TpeHyTHO je aHra)koBaH Ha MPOjEKTY
ON 171014: “CrexTpocKOIICKa JIWjarHOCTHKA HHUCKO-TEMIIEpaTypHE IUIa3Me€ U TacHHUX
NpaXmbemha: OONHULIU CIEKTPaTHUX JIMHUja U MHTEpakiMja ca noBpurHaMa”. KopykoBoauo je
temoM ''CriekTpasHe JIMHH]e BOJIOHWKA M XEJIMjyMOBE JIMHU]E ca 3a0palkeHUM KOMIIOHETaMa 3a
JIMjarHOCTHKY TU1a3Me" U3 Koje Cy Mpou3allljia 1 1Ba mperiieHa paja. baBnuo ce u 11jarHoCTUKOM
U TpUMEHaMa JIAaCepCKU NPOU3BENEHUX IIJIa3MU 3a MPUMEHE y AaHATUTHUIN U JoOHujamy
HAaHOKOMIIO3UTa. Y 3Bam-€ BUIIM HAyYHH capaJHHUK u3abpad je 25.05.2011.

Kanaunmar je TokoM cBoje HayuyHe Kapujepe myonmkoBao 85 pama (17 om m3bopa y
IIPETX0HO 3Bame) U To: 22 (7) pagoBa M21, 3 paga M22 u 3 (2) paga y M23. Ocum tora
myosmkoBao je u 6 (1) yBomHa mpemaBama Ha MelyHapoaHoM koHrpecy - M31, 3atum 35 (2)
pana Ha Mel)yHapoJHMUM KOHTpecHMa ITamnana y ueiaunud — M33, u 5 (2) mramnana y u3Bony —
M34, xao u 8 (1) pan y nomahum gaconucuma — M51, 7 (2) paxa Ha nomahum koHdepeHnjama
HITaMIIaHa y neiauHu — M63 u 3 paga mramnana y ussony — M64.

Ykynan Hayynu gonpuHoc uckazan M ¢akropom usnocu 281.1 (72.5). Toranum
UMNakT ¢axkrop pagosa je 65.742 (26.07), h-pakrop 9 u npexo 300 uuTrara, OJHOCHO
npexo 200 nyurara 6e3 xerepouurara.

On neuem6pa 2014. pyxoBoaunail je JlabopaTopuje 3a CIEKTPOCKOIN]y TUIa3Me U J1acepe
HNucturyTa 32 husuky.

PykoBonuo je uzpanom gokropcke auceptanuje Teomope ['ajo u mactep pagoBa Mumnuiie
Bunuh u Ane [parojinosuh.



HAYYHA U CTPYYHA AKTUBHOCT

Jp MunuBoje BkoBuh 6aBu ce: CIIEKTPOCKOINH]OM TUTa3Me O] 3Havaja 3a MoOyy racCHUX
jacepa W JIACEPCKU TPOM3BEICHOM IUIa3MOM, MPOyYaBamkeM OO0JIMKa CIIEKTPATHUX JIMHUjA Y
ITa3MH, JUJarHOCTUKOM IIa3Me TOMONy aTOMCKEe EMHCHOHE CIEKTPOCKOmuje, (GH3uKoM H
TEXHHKOM Jlacepa U HUXOBHUM MpUMEHama. Y CKJIaay ca HaBeIEHUM HAayYHU U HCTpaKUBauKa
pax np Munusoja MBkoBuha ofBuja ce y Tpu mpasiia: a) Gu3nka, TEXHUKA ¥ IPUMEHE Jiacepa, 0)
CIIEKTPOCKOIIH]ja IJIa3Me U B) JIMjarHOCTHKA M IPUMEHE JIACEPCKH MPOU3BEICHE TIa3Me.

1) ®U3UKA, TEXHUKA H IIPUMEHE JIACEPA

Pan y oBoj obnacTu 3armodeo je jomr u3pajoM JUILIOMCKOT pana ‘“‘bweckanuyama nodoyhen
nacep ca opearHckum 6Oojama’”, a TIOTOM je HacTaBuo ydemheMm y pa3Bojy W OpOjHUM
NPUMEHCHUM HCTPAXHBAakbUMa YIJbCH TUOKCHUIHHMX Jlacepa M FHETOBHX IPUMEHA y OKBHPY
HaMEHCKMX MpojekaTa u 3a oOpany Hemerana (pag M63-4). Pag HacTtaBiba UCTpakuBamuMa y
o0JacTH MHTEPAKITHje JTaCePCKOT 3paduckha ca Matepujanuma (pagosu M23-1, M33-1 u M33-5) a
notoMm y obnactu “HctpaxuBama MoryhHocTH Kopuiihema Npakmkbema ca IIyIJboM KaToJI0M 3a
o0y Ty MOJIEKYJIApHUX TaCHHX Jiacepa’, IITO jeé U HA3WB TEME HEerOBOT MarucTapckor pazaa. Jleo
No0ujeHuX pe3yliTaTa y oBoj 00JIacTH omucaH je u'y pagoBuma M21-1, M33-3 u M33-8.

Y oxBuUpy paza Ha OpOjHMM EKCIIEPUMEHTAIHUM MepemuMma o0lMKa W ToMepaja
CIEKTpaJIHUX JIMHMja KaO HE3aBUCHA METO/1a 3a ojipehuBame rycTuHe elleKTpoHa peadupMucaHa
je merona macepcke uHTphepomerpuje. [locTaBibHU Ccy y Ty CBpXy HHTepdepoMeTpu Ha Oa3u
xenujym HeoHckor (M21-7 no 11 u 14, 16) u yriben quokcuaHor jacepa (M21-2, M22-1).

OcuM Hay4HOT pajia Ha OCHOBHUM HCTpaXHBamHMa y obiacTuMa (hU3MKe Jiacepa paano
J€ ¥ Ha IPUMEHEHUM HCTPAKUBabUMa:

- Koncrpyucame u m3paga CO, nacepa 3a uHAyCTHjCKe ipuMeHe — Mojaen 305, kao u
Ha ONTUMM3AlMjU yCJIOBAa 3a HETOBY NMpPHUMEHY 3a 00paly Hemertana (ryma, IUJIacTHKa, APBO,
manwp...) y OKBHPY BHIIE Tpojekara (UHAHCHPAHUX OJ CTpaHe TexHojomKkor ¢oHIa
penyOnnuKe 3ajeIHUIIe 32 HAYKY:

- [TpojexToBame 3aTorsseHor CO, nacepa.

- ITpojexToBame u n3paga CO, nacepa 3a NpUMEHE y XUPYPIHjH.

- [TpojexToBame 1 U3pajaa HEOAMMHU]jyMCKOT JJACEPCKOT CHCTEMa BEJIMKE CHare

- BojuuMm npumenama mnacepa, NpeBacXoJHO y 0OJacTH ONTOAKYCTHUYKE JETEKIIH]je

racoBa.

- ITpojexToBawy He-Ne nacepa cnare 2 mW y okBupy npojexta " bap kox ",
¢dbunacupasor ox crpane Cape3Hor ¢oHIa 3a HAyKy JyrociaBuje.

Kanmunar ce Takolhe 6aBHO U OfpKaBamkEeM U CEPBUCUPABEM OpPOJHHX JTacepcKux ypehaja 3a
MpPUMEHE Y MEAHWIMHU, PA3IMUUTUM UHAYCTpUjaMa (€IeKTPOHCKO], TpaUuKoj U MAaIIMHCKO])
TOKOM TocTojama spin-off kommanuje Muctutyta 3a Qusuky “JIACEP MHOU3” u kachuje
CaMOCTAJTHO Tj. XOHOPAPHO.



2) CHEKTPOCKOIIMJA HUCKOTEMIIEPATYPHE IIJIAZME

[Topen pasa Ha KOHCTPYKIM]jH, Pa3BOjy M YIOPEAHO] aHAJIHM3HM PAa3IMUUTHX U3BOPA IIa3Me U
CNCKTPUYHNX TaCHUX TMPaXmEHha MOMYT: TUHABOT MPaXKmkema ca BoJeHOM kartogom (M63-1),
JACEPCKU HMHAYKOBAHOT HMITYyJICHOT mpaxmema (M23-3, M23-4, M51-1, M63-2, 6 u 7),
KamwiapHor npaxmema (M21-8, 9 u 10), aproHom crabuincaHor jyka oOJWKa JIATHHHYHOT
cioBa Y (M33-23) u MmukpoTasiacHO HHAyKOBaHe minazme (M21-4, M21-6, M31-1, M33-12 nol6,
M33-18 u 19, M33-22, M51-2 nmo 5, M51-7, M63-3, M34-1 u M64-1) pan y oBoj obGnactu
0JIBHja0 CE MPEBACXOIHO HA Pa3BOjy M MPUMEHU PANUIUTHX UMITYJICHUX MPAKHCHA HA HUICKOM
npuTuCKy. Pa3BojeM W mpuMeHamMa OpOjHHUX H3BOpa 3a TEHEPUCAE HMITYJICHUX IUIa3MH,
KopuihemeM pa3IMYUTHX TUPATPOHA U UTHUTPOHA OMOTYhHO je CBOj AaJbu pajl Ha oJpehuBamy
napaMmerapa IUpekha CIeKTPATHUX JHUHHU]a HEYTPAIHUX U JOHM30BAaHUX aToMa IITO j€ U IJIaBHU
UCTPaKUBAYKY TIPBaBal] KaHJIHUIATa.

2.1. Oopelhusare napamemapa wiupersa CneKmMpPAIHUX TUHUJA JOHU306AHUX AMOMA

Kannupar ce y OkBUpYy OBe TeMe IMOpel EKCIEpUMEHTAaTHHUX Mepema OO0JHMKa JIMHUja
JETHOCTPYKO M BHUIIECTPYKO JOHM30BAaHMX aTOMa 0aBMO M aHAIM30M METOJa 32 JCKOHBOIYIIHjH
cnekTpanHux JuHHUja. [Iporecom nekoHBOMyIHMjeMepeHUX BoOWT-OBUX BpIIEHO je pa3aBajame
yTHIIaja MIHpemha CHEKTPAIHUX JIMHUja ycJel JIejcTBa eNeKTpruyHOr MUKpo nosba (Iltapk-oBo
IUPEHE) Yy TUIa3MHU O] YTUIIaja: KpeTama eMuTepa (Jlomiep-oBo mupeme), HeyTPATHUX IECTHIIA
(Ban nep Banc-oBo mmpeme), Ka0 U MPUPOIHOT, PE3OHAHTHOT M WHCTPYMEHTATHOT HIMPEHA.
[Tocebna mnaxma mnocBeheHa je ucnuTUBamMMa TpaBwiHocTH IlTapk-oBor mmpema Iyx
M30€JIeKTPOHCKUX HU30Ba yribeHuka (M21-8, M33-20 u M33-25) xao u ananusu JIC crpesama
(M33-27). Ha oBaj nHahun excriupemeHTaHu oApeleHu mapamerpu nopehenu cy ca TeopujcKumM
pesynrtatuma onpehenum momohy MoaudukoBaHe ceMHEMIUpHjCKe U ympolrheHe
ceMHKIJIacHuHe (GopMmyse W TabelnupaHuM pe3yiTaTUMa 10 CeMHUKIacu4yHoj Teopwju. IloceOna
naxkmha nocsehexa je u npoyyaBamruMa BOJIOHUKY CIUYHOT joHa xenujyma (M22-1).

2.2. Oopelhusarve napamemapa wupersa CReKMpPAIHUX JTUHUJA HEYMPATHUX AMOMA

Y OKBHpY OBE TeM€ KaHIHIAT C€ TOpe] EKCIEPUMEHTAIIHUX Mepema M JICKOHBOIYIIH]jE
KOMIUIEKCHUX 00JiMKa mpoduia CIeKTpaJHUX JIMHUja HEyTPaJIHUX aTOMa XelujyMa, HeoHa U
kpuntona (M21-9 u 10) omumcanumx ¢Qynkuujom j(A,R) 06aBHO M aHaNM30M  CHMYJITAaHOT
oapehuBama MUpPHUHE JIMHUjE YCIIE CyAapa ca eJeKTPOHMMA Kao U IapaMeTpa JOHCKOT LIHpema.
[ToceOHa maxkma mocBehuBana je oapehuBamy yTHIaja JTUHAMHUKE jOHA HA OOJHMK CHEKTPATHUX
TUHUja XeJIujyMa, Kao U YTUIajy aTOMCKe Mace Ha oBaj mpouec. [locebHa maxkwa nocsehena je u
n3ydaBamkUMa TIOMepaja CIIeKTPATHHUX JIMHUja XelMjyMa Yy TyCTOj HUCKOTEMIEPaTyPHO] IIa3MH
(M21-21,22) y okBHpPYy KOJjUX je M pa3BHjeHa HOBa MeTojaa Oa3WpaHa Ha CIELHjaTHO
MPOjEeKTOBAHUM M M3pal)eHUM eJeKTpoaaMa UMITYJICHOT MPpaKkEemha Ha HUCKOM nputrucky (M21-
21)



2.3. Cnekmpanne 1unuje 6000HUKA

KoMIMIeKCHOCT CHEeKTpadHUX JHMHHja BOJOHHKA YCIOBJbEHA HHUXOBOM (DUHOM CTPYKTPOM
ycJea 4era ce MOTy IpHKa3aTH caMo y TabelapHOM OOJMKY MOCEOHO Cy TMPUBYKIIEC TMaXEy
kangunata. [lopen mporpama 3a reHepucame npoduna auHHja bammepoBe cepuje BOIOHHMKA
peaTn30BaH je U mporpam 3a oJipehuBame TYCTUHE €JIeKTPOHA Y TIIa3MH MOpehemeM TEOPUjCKUX
U eKcrepuMeHTaIHuX npoduia banmep 6era nunuje (M21- 5), unja Benuka HUTUPAHOCT (TIPEKO
40) wumycTpyje BeroBy MHUpOKy mnpuMeHy. IIpoyuaBama anHomamHor JlomiepoBor Immpema
nuHUja BogoHuka (M21-6 u 11), cumynTtano oapehuBame TyCTUHE U TEMIIEpaType eIeKTPOHa y
mnasmu (M21-12) pesynroBaie cy u nperieaaum paaom (M21-17). Y oBom nperiaeaHoM pafy je
JaTa cBeoOyXBaTHA aHaJKM3a yTHIIaja GUHE CTPYKTYPE U OCTAJIUX MPOoIieca MHUPEHha CIEKTPATHUX
JMHW]a Ha poduiie BOJOHUKOBHX JIMHU]A, U ofpeheHa rpemka npuMeHe GuToBama OBUX JIMHH]A
Bowut-oBum npodunom. Pactojame uzmel)y nukosa banmep Oeta nmuHMje BOJOHUKA MPEIOKEHO
j€ Kao HOBa METOJIa 3a JUjarHOCTUKY KOHIICHTPAIIH]E SJICKTPOHA U TECTUPAHE CaMOArICOPIIIHNjE Y
ryctum miazmama (M21-20).

2.4. Cnexmpanne nunuje ca 3a0paroeHUM KOMROHEMama

[Tpodunu criekTpamHuX JUHHUja ca 3a0pamkEHUM KOMIIOHETaMa KOje OJ[roBapajy mpejazuMa
3a0pamkeHUM TI0 CEJICKIIMOHUM MPaBUIMMa M ycJell KOMIUIEKCHOCTH ce Takol)e MOTy MpHKa3aTH
camMo TabelapHO NETaJbHO Cy IpOoydaBaHe y pajoBMMa KaHaupaarta. Hajsume cy mpoydaBane
nuHUje xenujyma Ha 447.1 um (M21-14 u 16) u Ha 492.2 uam (M21-17) anu u uHUja IUTHjyMa
Ha 460.3 am (M33-28). Anaimm3upaHa je ¥ TOCEOHO je€ HMCTAaKHyTa BaXXHOCT KopuIhema
pacrojamba u3Mel)y 103BOJbeHE M 3a0pameHe KOMIIOMHETEe OBHUX JIMHMjAa 3a JIHjarHOCTUKY
ONITHYKH Je0eNnX TIa3MH.

2.5. lujacnocmuka 2ycmune e1eKmpona y HUCKOMeEMNEPamypcKoj naamu

OO0nuuM M nmapaMeTpu LIMpema CHEKTPATHUX JHHHja moMohy OpOjHHUX METO/a OMHUCAHE Y
JIOKTOPCKO] JAWCEpPTALUjH TOJ HACIOBOM: ‘‘Onmuuxe eMucuone cneKmpoCKONckKe mexHukKe
oujacHocmuke 2ycmuHe eleKmpoHa y HUCKomemnepamypckoj naazmu’”. Y OKBUpPY paja y OBOj
obmacti Hajuemhe je NpUMEHWBAHA METOJA 3aCHOBAHA HAa OOJIMKY CHEKTPAIHUX JIMHH]jA
BogoHuka: banmep 6era (M51-6, M33-12, M33-18, M64-2, M21-3 u 5) unu banmep rama (M22-
2, M33-29 u M33-34). HcnutuBaHe Cy U KPUTUYKU €BalyHpaHe TEXHUKE JMJarHOCTUKE IJIa3Me
3aCHOBAHE Ha CTalamy JHMHH]jA Ha Kpajy CIEKTpaJHE CepHuje, 3aTUM Ha OO0JIMLIKMMA U ITAPKOBUM
IMpUHAMa BUIIMX 4YiIaHOBa BOJOHHMKOBe bammep cepuje. VMcTpakuBaHu cy W OONUIM H
MoMepaju XeJIHjyMOBUX JHHHMja ca 3a0pameHMM KOMIIOHEHTaMa, a y LWJby M00O0JbIIama
TIMjarHOCTHKE TAaCHUX MPaXikhEeha MEPEHU Cy U Mopel)eHn ca MOJEIOM MHTEH3UTETH 4ella Tpaka
HEYTPAJIHOT U JOHM30BAHOT MOJIEKYJIa a30Ta. JleTasbil MOMEHYTHX UCTpaKuBamba 00jaBJbEHU CY Yy
pamoBuma M21-7, M33-21 u M33-24. OOGnuuu joHCKHX JMHHUja Xenujyma (M22-1, M33-4, 6 u
9) n momymMpUHE CHEKTPAIHUX JIMHUja HEBOJAOHMYHHUX jJOHA Oy’ H30-€JIEKTPOHCKOI HHU3a
VIJbeHUKA M FHHXOBA NMPHMEHA 3a ojapehuBame rycTuHE eNeKTpoHa Takohe Cy pa3maTpaHe y
JOKTOPCKO] JHUCepTaluju W TpersiegHoMm paxy M21-7. Hajeha mnaxma TNOKIOHEHA je
onpehuBamy TYCTHHE €IeKTPOHA W3 00JMKA W MOMYIIHPUHA JIMHUja HEYTPATHUX HEBOJOHUYIHUX



aToma pa3Hux enemenara (M21-9, M21-10), ca HarmackoM Ha MUCTPAKUBAKE YTHIIAja THHAMUKE
joHa Ha o0NMK W momepaj auHuja (M21-2, M33-2, 7, 10 u 11). OBuMm Mmetonama onpehuBaHa je
T'YCTHHA €JIeKTPOHA Y pa3IMYUTUM paHHje IOMEHYTHM H3BOpUMa IUIa3Me, Kao U Y U3BOPHUMA OJ1
3Haudaja 3a npuMmeHe (M21-19).

3) IPUMEHE U TUJAT'HOCTUKA JIACEPCKHA INPOU3BEJIEHE IIJIAZME

Pan y obmactu umcTpakMBamUMa HHTEPAKIMje JACEPCKOT 3pauekha ca MaTepHjaiuMa
HACTaBJbEH j€ CAMOCTAJIHUM IIOCTABJbAEM U MOKPETameM EKCIIepHMEHaTa y HOBOj O0JIacTH -
UMIIyJICHE Jacepcke aeno3unuje. OBa HOBa METOJIE 32 F'eHEpUCAakhE KaKO TAHKUX (HIMOBA, TAaKO
U Pa3NMUYUTUX CaBPEMEHUX MaTepujana o BaKHOCTH y 00JacTW HaHOTeXHoJoruja. Metona je
JIEMOHCTpHpaHa KpeHpambeM HaHO-KOMIIO3UTa JETOHOBAKEM YIJhb€HMKA Ha TAHKOCIOJHE
nojumepHe cyoctpare (M63-5 u M64-3). ['enepucamemM HaHO YecTHIla 371aTa BEJIMYUHE 01 6 110
15 nm 1 BUXOBOM yTPaIHkHOM y TAKHOCIIOJHE MTOJIMMEPE 0Ba ce 00J1acT najbe pazpujana (M21-13,
M34-2 u M34-3). Pax y 0B0j 0061acTH IPUBPEMEHO j€ 3ayCTaBJbEH YCIIE Kallllbemha ca Ha0aBKOM
KamuTaJIHEe omnpeMe (BaKyyM KOMOpE ca CHCTEMHMa 3a POTalldjy MeTe, Tpejame cyOcrpara,
yIOyILITake raca UTA.) U ACCTpyKUHUje TypOOMoJeKylapHe mymrie (HapydeHe Takohe y OKBUpY
HabaBKe KaluTajHEe OTpeMe) MOTpeOHE 3a OCTBApUBaKE HEOIMXOAHOT BaKyyMa.

3Hama U3 00J1aCTH MHTEPAKIIM]jE JTACEPCKOT 3padyeha ca MaTepHjaIuMa U CIEeKTPOCKOIIHje
M pa3BOja UMITYJICHUX MPaXEHha MPUMEHEHA CYy W 00JIaCTH aHAJIMTHYKE CIEKTPOCKOIHUje 3a
noOoJblIamke Ipara JAeTeKuuje eaeMeHata. To je ocTBapeHO KopuiihemeM jacepcke adnaruje
MeTa 3a WHUIHUpAmke HWMITyCIHOr Tmpaxmema (M23-2,3). IlpoyuaBano je mnoBehaBame
MHTECH3UTETa CHEKTPAJIHMUX JMHHja Y IIeBH HAa HUCKOM MPUTUCKY MPU MPOTOKY PA3IUUUTUX
racoBa (M23-1, M63-6) u y Baznyxy (M23-1). JlemoHCTpUpaHa je ¥ MPUMEHA OBE METOJIC U Ha
aHanuzy 3emsbumta (M63-7).

HckycTtBa m3 o0iacTu jlacepa W HUXOBE HMHTEPAKIMje ca MaTepujaiiMa, Kao W W3
ONTUYKE EMHCHOHE CIEKTPOCKONHMje Kao HemepTypOaTUBHE MeETOJe MpHUMEHEHa Cy Y
MPETJIEAHOM paay O JUjarHOCTHUIIM JacepoM T'€HepHCcaHe IJIa3Me IyOJMKOBAaHE y YacOMHCy ca
uMnakT (axkropom mpeko 3.5 - Spectrochimica Acta Part B (M21-15).



EJEMEHTHU 3A KBAHTUTATUBHY OLLIEHY HAYYUHOI'
JONNPUHOCA KAHIANJIATA U MUHUMAJIHA
KBAHTUTATUBHMU YCJIOBU 3A U3BOP

Kareropuja | Bpemnoct Ykynan Ykynan Bpoj Bpoj noeHa
koedumujeHta | 6poj opoj
pamoBa MMoeHa pagosa oa
oA npeTxogHor
npeTxoaHor | nsbopa
nsbopa
M21 8 22 176 7 56
M22 5 3 15 1 5
M23 3 3 9 2 6
M31 3 5 15 0 0
M32 1.5 1 1.5 1 1.5
M33 1 35 35 2 2
M34 0.5 5 2.5 2 1
M51 2 8 14 1 0
M63 0.5 7 3.5 2 1
Mo64 0.2 3 0.6 0 0
M71 6 6
M72 3 3
YKVIIHO: 281.1 72.5
JudepeHiujamHu ycioB | ... HOTpeOHO je 1a KaHAuIaT uMa HajMame XX MoeHa, OcTBapeHo
- oI mpBoT u3zbopay Koju Tpeba aa mpumnazaajy cieaehuM kateropujama:
MIPETXOTHO 3BAHE
10 U300pa y 3Bamke ...
YkynHO 65 72.5
Hayunn caBeTHHK M10+M20+M31+M32+M33+M41+M 50 71.5
42 +M51>
M1 1+M12+ M21+M22+ 35 66.5
M23 +M24+M31+M32>

Ykynmau uMnakT ¢pakTop panosa je 65.742 a on n3dopa y npeTxoaHo 3Bame 26.07
VYkymnan 6poj cTpana oBa 29 pana y M20 kareropuju je 252 1j mpeko 8 1o pany.
Ykymau uMnaxT ¢hakTop panosa je 65.742 onHocHO nipeko 2.26 1o pany.

PagoBu np MunuBoja MBkoBrha cy nuTupanu mpema:

Google Scholar 364 nyTa,

npema Web of Science 6a3u 278 6e3 camonurara 238,

a npema Scopus 303 myTa oHOCHO 252 6e3 camonutaTa 1 203 6e3 xeTepouuTara,
Beros h ¢akrop uznocu 9.



EJJEMEHTMH 3A KBAJIMTATUBHY OLEHY HAYYHOT
JTOMMPUHOCA KAHJIUJIATA

1. ITokazamemu ycnexa y Hayunom paoy
1.1 Haepaoe u npusnara 3a HayuHu pao

Jp MunuBoje MBkoBuh mma gBe HOMHMHalWje Yy u300opuMa 3a paja TOAWHE Yy
qaconucy Spectrochimica. Acta B (ummnakt dakrop 3.552 3a 2010 roguny) 3a pagose:

a) M. Ivkovi¢, M. A. Gonzalez, S. Jovicevi¢, M. A. Gigosos, N. Konjevi¢
A simple line shape technique for electron number density diagnostics of helium and
helium-seeded plasmas, Spectrochimica Acta Part B: 65, 234 - 240 (2010).

0) N.Konjevi¢, M.Ivkovi¢ and N.Sakan,
Hydrogen Balmer lines for low electron number density plasma diagnostics,
Spectrochimica. Acta B 76, 16-26 (2012)

[Toganym 1OCTYTHH Ha JTMHK-OBUMA:

http://dx.doi.org/10.1016/j.sab.2012.01.006
http://dx.doi.org/10.1016/i.sab.2014.02.004 u vy [puory 1.

1.2 Ve0o0Ha npedasarva na konghepenyujama u opyea npedasarba no no3usy

Kannupaar je yuecTBOBao y 1IeCT YBOJHUX Ipe/iaBama 01 KOJUX JIBa Kao ImpeaaBay
u 4 xao koayTtop. Kao noka3 npunoxxeHu cy JIMHK-OBU JI0 MpeaBama (Kajga OHU TOCTOje)
Y TEKCTOBH CBHMX YBOJHHX Ipe/laBamba ca HACIIOBHOM CTPAHOM M cajpikajeM - [Ipuior 2.

M31-3) http://publications.aob.rs/82/pdf/117-128.pdf

M31-4) http://link.aip.org/link/?APCPCS/876/301/1

M31-5) http://www.gbv.de/dms/tib-ub-hannover/726244481.pdf

M32-1) http://webhost.rcub.bg.ac.rs/~cespc2011/CESPC_Abstracts.pdf

1.3 Ynancmea y o0bopuma mefjyHapoOHux HayuHUxX KOH@epeHyuja u 0000puma HayyHux Opyumasa

Kannunar je on 2013 unan Hayunor komutera Summer School and International
Symposium of Tonized Gases. Crnucak wianoBa Hayunor Komurera oBe koH(bepeHIHje
MoKe ce Hahu Ha JTMHK-y
http://www.spig2014.ipb.ac.rs/committee.html u y [Ipunory 3.

1.4 Ynancmea y ypehusauxum oobopuma yaconuca, ypehugaroe Monozpagpuja, peyeHsuje HayuHux
paodosa u npojexama

Kangunar je pereH3eHT 3a BUIIE Yacomnuca U3 001acT (hu3nKe:
1) Spectrochimica Acta B (umnaxt ¢akrop 3.552 3a 2010 ronuny).
2) JQSRT - Journal of Quantitive Spectroscopy and Radiative Transfer (umnakt dakrop
3.193 32 2011 roauny).
3) IEEE Transaction on Plasma Science
4) Journal of Research in Physics



Jlokasu 3a HeKe 01 peleH3rja y BUay: crucka petensuja 3a SAB na Elsevier
Editiorial System, 3axBamuutie Ha pereHsujuma o eautopa JQSRT u o equtopa IEEE
TPS nanaze ce y [Ipuiory 4.

2. Anzasicoeanocm y pazeojy ycioea 3a Hayunu pao, 00pa3oeaiy u Gopmuparny HayuHux Kaopoea

2.1 llonpunoc paszsojy nayke y 3emmu

Kangunat je pyxooaunan Jlabopatopuje 3a CrieKTpockonujy mia3Me U Jiacepe
WNucturyTa 3a pusuky Yuusepsutera y beorpany.

VY 0065acTH CHEKTPOCKOIHje IIa3Me MOKPEHYO j€ MPUMEHY CHEKTPAIHUX JMHH]jA
BOJIOHHMKA U JIMHHja XEIHjyMa ca 3a0pambeHUM KOMIIOHEHTaMa 3a JMjarHOCTHKY IUIa3MHU.
VY obnactu nacepcku NpPOM3BEACHE IUIa3Me IOKPEHYO je HOBY TEMAaTHKy Jlacepcke
TETIO3UIIH]j€ 32 Kperpame TaHKMX (PUIMOBA M TeHEPHCAHE HAHOKOMITO3HTA.

Kangunat ox 2004 ronuHe Oe3nmpekuaHO ydecTByje Ha  mpojekty Cpricke
Axkanemuje Hayka u YMernoctu — Obauyu u nomepaju CReKmpaiHux AuHuja y 2acHoj
NAA3MU U 2ACHUM eN1eKMPUYHUM npadicreersuma 0 dyeMy ceenoue u buntenn CAHY.
HacnoBne ctpane buniteHa u cTpaHuie y KojuMa Cy IpUKa3aHU Pe3yJTaTH TOT MPOjeKTa
10 roJMHama npukaszanu cy y [Ipuory 5.

2.2 Menmopcmeo npu uzpaou Ma2ucmapckux u OOKMOPCKUX padosa, PyKosoherme CReyujanucmuyKum
paodosuma

Kanmunar je komeHTOp OKTOpCcKe mucepranuje Teomope [Majo Ha [lemapTtmany 3a
¢usuky Ilpupognomarematuukor (akynrera y HoBom Cany mopn HacnoBom [lomepaj
CNeKMpANHuX JUHUja Xeaujyma y 2ycmoj Huckomemnepamypckoj niazmu. Pesynratu cy
nyOonukoBaHu y pagoBuma M21-21 w 22 y kojuma je KaHOuUAAT ayTop 3a
KOPECIOJICHIIN]Y, a OH M JOKTOPAHT Cy MO jeJ]aH IyT MPBOMOTIIMCAHH U JPYTOMOTIHCAHN
koayTtopu. Paxg Ha mucamy aucepraiyje je y TOKy U ofOpaHa ce O4eKyje y HapeIHUM
Meceruma. [ToTBpa o moT0O0HOCTH TeMe U MeHTOpa fata je y [Ipunory 6.

Komentop je u wmactrep pama Ane J[lparojmoBuh Ha EnexTpoTeXxHUYKOM
dakynrery YuuBepsurera y beorpamy monx HacnoBom Dabpukayuja meman-noaumep
Hanoxkomnozuma ogdpamenor 30.09.2015 ronune — [punor 7.

Kanmunar je 6mo m komeHTop macrep pana "Moeyhnocmu npumene JIMBC, 3a
ananuzy 3emmuwma' (17.7.2013) u pyKoBoAWIAll IUIUIOMCKOT paja 100 HA3UBOM
"Ucnumusarve nacepom unoykosaue niasme y ammocghepu apeona'’ (17.7.2012. eooune)
Munune Bunuh na ®akynrety 3a pusnuky xemujy YHusepsutera y beorpany.

Ha ®usnukom daxynrery YHuBep3yrera y beorpamay 610 je MEHTOp JUIIIOMCKOT
pana Enene HenmanoBcke moJl HAaclIoBOM BpemeHncka u npocmopHa ananuza niame npu
npoyecuma aacepcke abarayuje mema. V3abpan je Ha cequuun Hayyno nacraBHor Beha
®usnukor dakynrera y beorpamxy oapxkanoj 20.07.2007. 3a KoOMEHTOpa MarucTapcKor
pana HMBana Kopanra mox HacnmoBoMm Hcempaowcusarwe obauxa banmeposux nunuja
8000HUKA V NAA3SMU NPU HUCKUM eJIeKMPOHCKUM KoHyenmpayujama. ExcriepuMeHTaTHu
7e0 paza je MmpH Kpajy NpeKWHYyT 300T oajlacka KaHAMIaTa Ha JIOKTOPCKE CTyAuje y
Cjenumene Amepuuke JlpkaBe. Kanmumpmat je OMo M 4iaH KOMHCHja 3a TIpETJie] H



onOpaHy JOKTOpckux nucepranuja bpatucnaBa OOpagoBuha (cama BaHpegHOT
npodecopa) u Joruiie JooBuha (caga HayuyHOT capagHuka) ca dusnykor ¢akymnrera.

2.3 Iledazowxu pao
Yuewhe y obpasosary u ghopmuparsy HayuHoe noOMaIamka.

Toxom jyna mecena 2009 roagmHe apkao je HAa EHIVIECKOM jE€3UKY CTPaHUM
nokTopaHTuMa y MHCTUTYTY 32 Qu3HKY 26 - YaCOBHHM KypcC IMOJ Ha3sUBOM “‘TexHonozuja
eacnux nacepa”. Ilporpam kypca aar je y [lpuory 8.

Hupextop UHcTUTyTa 32 QU3MKY je Ha 3axTeB JekaHa [lemapTmana 3a (usuky
[Ipuponnomaremarnukor (axkynrera YuuBepsutrera y HoBom Camy nmao carjacHOCT
KaHIUIATy 3a Jp)Kamke HacraBe wu3 mnpeamera Onmuuyku U ONMOMEMPUjCKU
uHCmpymenmu, KOja HHje peai30BaHa ycJel HM3HEHAIHOI IMOTroplliama KaHIUIaTOBE
nopoauuHe cutyanuje. CarnactHocT je gara y [lpumory 9.

2.4 Mehynapoona capaorma

Jlp Munusoje MiBkoBuh yuecTBOBao je U Ha BUllle Mel)yHapoIHUX Mpojekara ca:
- HCTHTYTOM 3a MOJIEKYJIapHY B aTOMCKY (pm3uky Akanemuje Hayka benopycuje
1999-2002 BYu 1,2 Project with IMAF NAN Belarus on KSPU new generation building
- YHuBep3uteToM y Baspagonuay ¢uHaHcupaH oj cTpaHe MuHMCTapcTBa 3a HAyKy U
texnosorujy lllmanuje (Ministerio de ciencia y tecnologia Spain,

01.08.2006 — 12.12.2007. ENE2004-05038/FTN
12.12.2007 — 12.12.2010. ENE 2007-63386- FTN

Development of spectroscopic methods for diagnosis of plasmas in extreme conditions:
very low and very high density plasmas, Bunu ITpumnor 10.
- HanmmoHamHMM MHCTHUTYTOM 3a jacepe, miasMy W (usuky 3padema n3 Bykypemira,
Pymynuja nornucan usmehy CAHY u PymyHcke akaneMuje Hayka
2008 — 2011 “Laser Generated Plasma: Spectroscopic Diagnostics and Applications in
Thin Films Deposition and Characterization* , Buau ITpusor 11.
- bunarepanna capanmwa ca Penyonukom ®paniryckom 3a niepuoa 2012-2013 y okBupy
npojekta McrtpaxuBame mapamerapa llITapkoBor mmpema CIEKTpalTHUX JIMHH]jA
HEOIXOJHMX 32 aHAIM3y MarepHjajia MmoMohy CHEKTPOCKOIHje JIACEPCKU HHIYKOBAHOT
npoboja ca Jlaboparopujomsa Jlacepe, Ilmasmu u Dortoncke Ilpomece — LP3
(Laboaratorie Lasers, Plasmas et Procedes Photoniques) u3 Mapceja, Bunu [Ipuor 12.

Jp Munusoje ViBkoBrh KOHKYpHCao je Kao pyKOBOAMOL MoANpojexTa MHcTuTyTa
3a ¢msuky Ha FP7-REGPOT-2007-3 mo3uBy ca mpojektom BIOPOLNANOTECH -
Functional nanostructured biopolymer coatings for controlled drug delivery and advanced
biomimetic metallic implants, koju ycnen ¢popmaaHux pasziora (TEKCT MpojeKTa Ipeaar,
M Cce 3aKacHWUJIO ca MoTpBhuBameM 1a je To ¢uHaIHA Bep3wja) HHUje NpuxBaheH 3a
eBasryauujy, Buau [Tpumor 13.




2.5 Opeanuzayuja HayyHux cKynosa

Kangunar je xao wman Haywnor xomurera Summer School and International
Symposium of Ionized Gases m kao peueH3eHT M mpencenaBajyhu Ha jeHO] CeKIHjH
nonpuneo opranm3anuju 27 SPIG-a opapxkanor y beorpamy 2014 romune. Crimcak
ynaHoBa Hayunor Komurera oBe koH(pepennuje Moxe ce Hahu Ha JIMHK-Y
http://www.spig2014.ipb.ac.rs/committee.html u y [Tpumory 3.

3. Opzanuzayuja nayunoz paoa

3.1 Pykosohere npojekmuma, nomnpojexmuma u 3a0ayuma

Jp MunuBoje HMBkoBuh, y mpojektHom wukiaycy 2006 — 2010. rommue
KOpYKOBOIHO je TeMoM: ''Cnexkmpanne nunuje 6000HUKA U Xelujymoge JIuHuje ca
3a06parbeHumM KOMNOHeHmama 3a oujachocmuky niaazme'’, 'y OKBHpPY Hay4HO-
UCTPAKMBAYKOT TPOjEKTa OCHOBHHUX HCTpakuBama "Huckomemnepamypna niasma u
npadicrerva: Paoujayuona ceojcmea u unmepaxyuja ca nospuiunama'', eBUIECHINOHU
6poj ON141036.

Kangunat je y npojektnom mukmycy 2011 — 2015. roguHe KOpyKOBOAUO TEMOM:
""Cnekmpanne nunuje 6000HUKA U XeAUjyMO8e TuHUje ca 3a0parbeHUM KOMNOHenmama 3a
oujacnocmuxky naasme'’, 'y OKBHPY Hay4HO-MCTP)KMBAYKOT IMPOjEKTa OCHOBHHX
UCTpaXuBama “‘Cnekmpockoncka OujacHoCmuKa HUCKOmeMnepamypHe niasme u 2acHux
npascrervd:  0OIUYU  CHeKMpAnnux JAuHuja U uHmepakyuja ca nogpuunama’’,
esuseHinonn 6poj OM171032. Osaj mpojekat mpeamet je Yeosopa o peanuzayuju u
QuHancupary HAYYHOUCMPANCUBAYKO2 NPOJEKMA U 00PHCABAILA HAYUHOUCTPAXCUBAUKE
onpeme u NPOCMopa 3a HAYYHOUCMPAXCUBAYKYU paod, 33 IUKIYC UCTPAKUBAKHA Y IEPHOTY
2011 -2015.

[ToTBpaa 0 KOOpPYKOBOhEHY TEeMOM y OKBHPY IIPOjeKTa IOTHHCaHAa Of CTpaHE
pyKoBojuoLa npojexTa aara je y Ilpunory 14.

3.2 Texunonowku npojexmu, namenmu, UHO8ayuje u pe3yamamu nPUMerbeHu y npakcu

Kanaunat je yuectBoBao y cienehum npumMemheHuM HCTPpaKUBambUMa U IPUMEHaMa:

- Konctpyucame u uzpaga CO, nacepa 3a uHAyCTHjCKe puMeHe — mozen 305,
Ka0 M Ha ONTHMH3ALMJU yCIOBa 3a HErOBY NpPHUMEHY 3a o0Opany Hemertana (Tryma,
MJacTUKa, IPBO, TMAMHp...) Y OKBHUPY BHUIIE TpojekaTa (UHAHCHUPAHUX O]l CTpaHe
Texnomnomkor Gonaa pemnyOIMyKe 3ajeIHUIIE 3a HAYKY:

- [IpojexToBame 3aTormbeHor CO, nacepa.

- ITpojexToBame u n3paga CO, nacepa 3a IpUMEHE y XUPYPIHjH.

- [TpojekToBame 1 U3paaa HEOAUMH]YMCKOT JIACEPCKOT CUCTEMa BEJIMKE CHAre

- BojuumM npumMenama iacepa.

- [TpojexroBary He-Ne nacepa caare 2 mW y okBupy npojekta " bap xox ",
¢unacupanor ox crpane Case3Hor ¢poHa 3a HayKy Jyrocnasuje.



4. Keanumem nayunux pesyimama
4.1 Ymuyajnocm

Kanmuaar je TokoMm cBOje HayuyHe Kapujepe myomukoBao 85 pana (17 ox uzbopa y
MPETXOIHO 3Bame) U To: 22 (7) pamoBa M21, 3 paga M22 u 3 (2) pana y M23, onHOCHO
ykymHO 28 pama (9) y kareropmju M20. Ocum tora mybamkoBao je u 6 (1) yBomHa
npenaBamba Ha MehyHapogHoMm KoHrpecy, 3atuM 35 (2) pama Ha MelyHaponHuM
KOHrpecuMa ImraMnana y neiauau — M33, u 5 (2) mramnana y uzBoay — M34, kao u 8
(1) pan y momahum wacomucuma — M51, 7 (2) paga Ha gomahum koH]epeHIHjama
HITaMnaHa y ueauHu — M63 u 3 pana mwrtamnana y uzsogy — M64. YkynaH HayuyHH
aonpuHoc uckazan M ¢pakropom nznocu 281.1 (72.5).

PanoBu np MunuBoja MBkoBrha cy nuTHpaHu rmpeMa nojanumMa

Google Scholar 364 nyTa,

npema Web of Science 6a3u 278 6e3 camonurara 238,

a npema Scopus 303 myTa oHOCHO 252 6e3 camonutaTa 1 203 6e3 xeTepouuTara,
Tpeba HanoMeHyTH Ja 10 OCETHHUX pa3iuKa y LUTUPAHOCTH A0jda3u jep panose M21-2 u
M22-1 unnexchHa 6a3a Web of Science He npenosHaje, 1ok pax M22-1 Huje npeno3Hat
HU O] WHIEKCHe 0aze Scopus, mako cy oBu pagoBu mnpema 0a3zu  Google Scholar
BunIecTpyko uutupanu. Pag M21-2 je uutupan npema Google Scholar 37 (WOS 0,
SCOPUS 24), a pax M22-1 je mpema mpema Google Scholar mutupan 9 myra. (WOS 0,
SCOPUS 0).

Kangunatos h ¢akrop u3Hocu 9.

[Ipernen 6poja nuTata npemManHaeKCHUM 6a3ama nat je y [lpumory 15.

OBaxo BeJHKa HUTHPAHOCT TOBOJHHO TOBOPH O YTHUIA]Y KOjH Cy KaHIUIATOBU

pPaZioBU UMANH y HAYYHO] 3ajCTHUIIH.

4.2 [lapamempu keanumema 4aconuca u nO3UmueHa YUmupaHocm Kanouoamosux padosa

butan enmemMeHT 3a MpOlEHY KBAaJUTETa HAYYHHX peE3yJiTaTa jeé W KBAJIUTET
gacomnuca y Kojuma cy paaoBu 00jaB/bHOBaHM, OJHOCHO BHUXOB MUMMNAKT (dakrop D,
VYkynHu uMnakT Qaxtop pajgoBa je 65.742 a ox u3bopa y mnpeTxoaHo 3Bame 26.07
OJTHOCHO Tpeko 2.26 mo paay. Ilocieamu mojpaTak roBOpH Ja je KaHAMIAT Y HNEPUOIY
nocse u3dopa y MOCIenhe 3Bamke, a U TeHEPaTHO IOCMaTPaHo CBOj paj (GOoKycHpao Ha
00jaBJbHUBamE PETATUBHO Mamer Opoja pajoBa, alld y HajKBAIUTEHUjUM YaCOMUCHUMA Y O
HETOBO]j 00J1aCTH HCTPAKUBAHA.

O kBanmuTeTy pajoBa TOBOPH U Jla je YKymaH Opoj cTpaHa oBa 29 pama y M20
Kareropuju je 252 1j nmpeko 8 mo paxy. OBa YWHBEHHUIIA TOBOPH JIa CY CKOPO CBHU PAJIOBU
KaHJuaTa Jajly 3HayajaH JONPHHOC Y BErOBOj 00JIaCTH UCTPAKHUBAbA.

O yrtumnajHOCTH pe3yiTaTra HAydyHOT paja KaHIuaaTa TOBOPH M YME-CHHIA Jla CY
7Ba paja KaHAMJaTa HOMMHOBaHa Yy wu30opuMma 3a pajJ TOAMHE Y YacomHcy
Spectrochimica. Acta B (umnaxt daxtop 3.552 3a 2010 ronuny).

Ha kpajy Tpeba xao HajBa)XHHU]y WIyCTpalldjy 3Ha4aja pajgoBa KaHauaara ucrahu
YHbEHUILY J1a CY TPH paja MperjeIHd PaJoBH U TO Yy YaCOMUCY M3 HajBUIIE KaTETOpHje
M21 ca ummnakt ¢akrop 3.552 3a 2010 roguny (Spectrochimica. Acta B).



4.3 EgpexmusHnu 6poj paoosa u 6poj padosa HOpMupaH Ha 0CHO8Y bpoja koaymopa

CBHU paoBM KaHIUAATa Cy €KCIIEPUMEHTATHOT KapakTepa U HeMajy MpeKo ceaam
KoayTopa, ocuM M51-8, ma ce Mory y3eTu ca myHoMm TeskuHoM. Pag M51-8 ykibydeH je y
CIIMCaK pajJoBa jep Tra Tperno3Hajy HWHIACKCHe ©0a3e, amu je mpu oapehuBamy
KBAaHTUTATUBHUX OIICHA JONMPHUHOCA KaHAHUIATa y3eT ca TexHHoOM 0 Tj, HHje YKIbYUYEH y
pa3Marpame.

4.4 Cmenen camocmannocmu u cmenen yuewiha y peanu3ayuju paoosa y HayyHUM YeHMPUma y 3emsall
U UHOCMPAHCIEY

CBu panoBu kanauaarta cy ypahenu y MUacturyty 3a pusuky y beorpany. [loce6Ho Tpeba
HATIOMEHYTH J1a Cy CBH Pa/IOBH €KCIIEPIMEHTAIHOT KapaKTepa Ha armaparypama u moMohy
M3BOpa IUTa3Me KpeHupaHuX y J1abopaTopwju, yIJIaBHOM y3 BENMHCKY KOHTPUOYIH]Y
kanaunata. OcuMm Tora BehMHa pagoBa MPEACTaBJba OPTHHAIHMU JOIPHHOC KaHIUAATa
yBOoh)eEbeM HOBUX TEMAaTHKa, IOMYT HWMIIYJICHE JlacepCKe JEMO3HIHUje, JTacepcKoM
abJanujoM HHUIMPAHHUX MPAXKIHEHha U aHAJIN3E CIICKTPAIIHUX JIMHU]a BOJOHUKA.

4.5 3nauaj padosa

Kannuaar je y cBeTy mpemo3HaT Kao HacTaBbau TPagulldje Oeorpajicke IIKOJe
CIIEKTPOCKOIHje TUIa3Me M Kao eKCIEepT y 00JACTH ONTHYKE EMHCHOHE CIEKTPOCKOIIH]E,
noceOHO y 00acTu MpUMEHe BOJIOHUKOBUX JIMHHU]aA 32 AUjarHOCTUKY T'YCTHHE €EeKTPOHA
y miazmu. O oBOMe Haj0OJhE TOBOpE TPH TpErJieIHA paja, JBE HOMHUHAIUjE 3a paj
roauHe, OpojHe peueHsuje UTa. O HEroBOM YIJIeoy TOBOPE M YJaHCTBA y KOMHCHjaMa 3a
0JI0paHy TOKTOPCKUX AucepTaryja Ha OusmukoM dakynreTy y YHuUBep3uTera beorpamy
Y YJIAHCTBO Yy HAy4YHOM 0J00py Haj3HayajHHje qoMahe KoH(pepeHuuje y obnactu Qusuke
JOHU30BaHUX TacoBa.

4.6 Jlonpunoc kanouoama peanuzayuju Koaymopckux paoosa

VY cBUM pasioBUMa y KOjUMa j€ yU4eCTBOBAO KaHIHUJAT j€ J1a0 U3y3€TaH JOMPUHOC
Bep(UKOBaH YMIHCHUIIOM Ja jeé y OcaM paja MpBONOTIHCAHM,a y 11 apyromornucaHu
KoayTop (ox ykymHo 28 pazna y kareropuju M20).
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The discharge for plasma Stark shift measurement and
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Editorial

Elsevier/Spectrochimica Acta Atomic Spectroscopy Award 2010

This is to announce the 2010 Elsevier/Spectrochimica Acta Award,
the annual award honoring the most significant article(s) published
in a volume. Elsevier makes this award on behalf of Spectrochimica
Acta, Part B, to encourage the publication of top articles in this jour-
nal. All papers published during one year are considered for this
award and the Editorial Advisory Board and the Guest Editor(s) of
the special issues are responsible for the selection. The award consists
of a monetary prize of $1000 together with a presentation certificate.

We have the pleasure to announce the 2010 Award for the articles
published in Spectrochimica Acta Part B, Volume 65. The votes of the
jury accumulated for a paper discussing critically the statements
commonly made in the literature regarding the existence of local
thermodynamic equilibrium in laser-induced plasmas. The paper
pointed out the main criteria to be fulfilled to validate this assump-
tion and concluded that the mere use of the McWhirter criterion
should be discontinued. The work resulted from collaboration be-
tween the CNR of Pisa (Italy), the University of Bari (Italy), the CNR-
IMIP of Bari (Italy) and the University of Florida, Gainesville (USA).

The paper selected for the Award is the following:

G. Cristoforetti, A. De Giacomo, M. Dell'Aglio, S. Legnaioli, E. Tognoni,
V. Palleschi, N. Omenetto

Views and Criticism: Local Thermodynamic Equilibrium in Laser-
Induced Breakdown Spectroscopy: Beyond the McWhirter criterion.

Spectrochim. Acta Part B 65 (2010) 86-95.

Three other papers closely followed the above paper. These papers
deal with calibration in atomic spectrometry, a topic of essential ana-
lytical relevance for all atomic spectroscopic techniques, one paper on
imaging of aerosols particles formed by laser ablation and one paper
on the mechanism of plasma formation after resonance laser excita-
tion of cesium vapors.

These papers are:

J-M. Mermet

Review: Calibration in atomic spectrometry: A tutorial review
dealing with quality criteria, weighting procedures and possible
curvatures.

Spectrochim. Acta Part B 65 (2010) 509-523.

J. Koch, S. Heiroth, T. Lippert, D. Giinther

Femtosecond laser ablation: Visualization of the aerosol formation
process by light scattering and shadowgraphic imaging.

Spectrochim. Acta Part B 65 (2010) 943-949.

0584-8547/% - see front matter © 2012 Elsevier B.V. All rights reserved.
doi:10.1016/j.sab.2012.01.006

C. Vadla, V. Horvatic, D. Veza, K. Niemax

Resonantly laser-induced plasmas in gases: The role of energy
pooling and exothermic collisions in plasma breakdown and heating.

Spectrochim. Acta Part B 65 (2010) 33-45.

As usual, since the introduction of the award, many other papers
scored high on the jury's list. For the 2010 volume, this list, in alpha-
betical order of the first authors, looks as follows:

A. D'Ulivo

Review: Mechanism of generation of volatile species by aqueous
boranes: Towards the clarification of most controversial aspects.

Spectrochim. Acta Part B 65 (2010) 360-375.

A. De Giacomo, R. Gaudiuso, M. Dell'Aglio, A. Santagata
The role of continuum radiation in laser-induced plasma spectroscopy.
Spectrochim. Acta Part B 65 (2010) 385-394.

R. Glaus, R. Kaegi, F. Krumeich, D. Giinther

Phenomenological studies on structure and elemental composi-
tion of nanosecond and femtosecond laser-generated aerosols with
implications on laser ablation inductively coupled plasma
spectrometry.

Spectrochim. Acta Part B 65 (2010) 812-822.

M. Grotti, J.L. Todoli, ].-M. Mermet

Influence of the operating parameters and of the sample introduc-
tion system on time correlation of line intensities using an axially
viewed, CCD-based inductively coupled plasma optical emission
spectroscopy system.

Spectrochim. Acta Part B 65 (2010) 137-146.

M. Ivkovié, M.A. Gonzalez, S. Jovicevi¢, M.A. Gigosos, N. Konjevi¢

A simple line shape technique for electron number density diag-
nostics of helium and helium-seeded plasmas.

Spectrochim. Acta Part B 65 (2010) 234-240.

M. Ribiére, B.G. Chéron

Analysis of relaxing laser-induced plasmas by absorption spectros-
copy: Toward a new quantitative diagnostic technique.

Spectrochim. Acta Part B 65 (2010) 524-532.

C.M. Sparks, U.E.A. Fittschen, G.J. Havrilla

Picoliter solution deposition for total reflection X-ray fluorescence
analysis of semiconductor samples.

Spectrochim. Acta Part B 65 (2010) 805-811.


http://dx.doi.org/10.1016/j.sab.2012.01.006
http://dx.doi.org/10.1016/j.sab.2012.01.006
http://www.sciencedirect.com/science/journal/05848547
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2 Editorial

E. Tognoni, G. Cristoforetti, S. Legnaioli, V. Palleschi

Review: Calibration-free laser-induced breakdown spectroscopy:
State of the art.

Spectrochim. Acta Part B 65 (2010) 1-14.

T. Tomie
The birth of the X-ray refractive lens.
Spectrochim. Acta Part B 65 (2010) 192-198.

The editors note that the paper chosen for the award belongs to
the category Views and Criticism, indicating the usefulness of this sec-
tion of our journal. We would therefore like to draw the authors' at-
tention to the opportunity of using this forum of scientific debate on
topics of spectrochemical interest. Moreover, three other Review papers
have been nominated and received high scores: this is gratifying for our
reviews editors and their efforts, which we gratefully acknowledge.

Finally, we point out that X-ray papers, which play a relevant part
among those submitted to the journal, have also been considered as can-
didates for the award.

As in the past, the task of choosing the most significant contribu-
tion from the annual publications was difficult, demonstrating once
again the high standard of Spectrochimica Acta Part B. We thank the
authors, the reviewers and the advisory board for their continuous
support.

Nicolo Omenetto
Corresponding author.
E-mail address: omenetto@chem.ufl.edu.

Greet de Loos
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Elsevier/Spectrochimica Acta Atomic Spectroscopy Award 2012

@ CrossMark

This is to announce the 2012 Elsevier/Spectrochimica Acta
Award, the annual award honoring the most significant article(s)
published in a volume. Elsevier makes this award on behalf of
Spectrochimica Acta, Part B, to encourage the publication of top arti-
cles in this journal. All papers published during one year are consid-
ered for this award and the Editorial Advisory Board and the Guest
Editor(s) of the special issue(s) are responsible for the selection.
The award consists of a monetary prize of $1000 together with a pre-
sentation certificate.

We have the pleasure to announce the 2012 Award for the articles
published in Spectrochimica Acta Part B, Volumes 67-78. This year,
the jury nominated 29 papers and the choice of the best paper has
been very difficult: in fact, eight papers have been competing for the
award until the last few votes.

A study by the group of Niemax, dealing with the investigation of
matrix effects in the inductively coupled plasma by the introduction of
single droplets, accumulated the highest score and was therefore select-
ed for the award. The work was carried out in Dortmund (Leibnitz-Insti-
tute for Analytical Sciences — ISAS) and in Berlin (Federal Institute for
Materials Research and Testing — BAM). We note that another article
from the same group had already been selected for the 2009 award,
thus testifying the importance of this research topic. The title of the
paper is:

A. Murtazin, S. Groh and K. Niemax

Investigation of sample introduction- and plasma-related matrix ef-
fects in inductively coupled plasma spectrometry applying single ana-
lyte droplet and particle injection

Spectrochim. Acta Part B 67 (2012) 3-16.

Seven other papers scored closely to the above paper. A group of three
papers from Houk's group at lowa State University (Ames, lowa) deal
with fundamental studies of the origin and behavior of polyatomic ions
in laser ablation-inductively coupled plasma mass spectrometry. One
paper from the Farnsworth's group at Brigham Young University (Provo,
Utah) characterizes the effect of the skimmer cone design on ion trans-
mission efficiency. Two papers resulting from the collaboration of the
group in Lyon (University of Lyon 1, Villeurbanne, France) with several
other French institutions describe a dual-wavelength differential imag-
ing approach to plasma diagnostics as well as an attempt to correlate
native bonds in polymeric materials with molecular emissions. The
final paper, dealing with confocal nano-X-ray fluorescence analysis, is
the result of a collaboration between the Ghent University (Ghent,

http://dx.doi.org/10.1016/j.sab.2014.02.004
0584-8547/© 2014 Published by Elsevier B.V.

Belgium), the Goethe University Frankfurt (Germany) and ESRF Greno-
ble Cedex, France.
The above papers are listed below:

T.M. Witte and R.S. Houk

Origin of polyatomic ions in laser ablation-inductively coupled plas-
ma mass spectrometry: An examination of metal oxide ions and effects
of nitrogen and helium in the aerosol gas flow

Spectrochim. Acta Part B 76 (2012) 9-19.

CH. Ebert, TM. Witte and R.S. Houk

Investigation into the behavior of metal-argon polyatomic ions (MAr™)
in the extraction region of inductively coupled plasma-mass spectrometry

Spectrochim. Acta Part B 76 (2012) 119-125.

T.M. Witte and R.S. Houk

Metal argide (MAr™) ions are lost during ion extraction in laser
ablation-inductively coupled plasma mass spectrometry

Spectrochim. Acta Part B 76 (2012) 25-31.

N. Taylor and P.B. Farnsworth

Experimental characterization of the effect of the skimmer cone de-
sign on shock formation and ion transmission efficiency in the vacuum
interface of an inductively coupled plasma mass spectrometer

Spectrochim. Acta Part B 69 (2012) 2-8.

V. Motto-Ros, Q.L. Ma, S. Grégoire, W.Q. Lei, X.C. Wang, F. Pelascini, F.
Surma, V. Detalle and J. Yu

Dual-wavelength differential spectroscopic imaging for diagnostics
of laser-induced plasma

Spectrochim. Acta Part B 74-75 (2012) 11-17.

S. Grégoire, V. Motto-Ros, Q.L. Ma, W.Q. Lei, X.C. Wang, F. Pelascini, F.
Surma, V. Detalle and J. Yu

Correlation between native bonds in a polymeric material and mo-
lecular emissions from the laser-induced plasma observed with space
and time resolved imaging

Spectrochim. Acta Part B 74-75 (2012) 31-37.

T. Schoonjans, G. Siversmit, B. Vekemans, S. Schmitz, M. Burghammer, C.
Riekel, F.E. Brenker and L. Vincze

Fundamental parameter-based quantification algorithm for confocal
nano-X-ray fluorescence analysis

Spectrochim. Acta Part B 67 (2012) 32-42.


http://crossmark.crossref.org/dialog/?doi=10.1016/j.sab.2014.02.004&domain=pdf
http://dx.doi.org/10.1016/j.sab.2014.02.004
http://dx.doi.org/10.1016/j.sab.2014.02.004
http://www.sciencedirect.com/science/journal/05848547

Editorial \

Finally, we report the other papers scoring high on the jury's list. For
the 2012 volume, this list, in alphabetical order of the first authors,
looks as follows:

LM. Cabalin, A. Gonzdlez, V. Lazic and JJ. Laserna

Laser-induced breakdown spectroscopy of metals covered by water
droplets

Spectrochim. Acta Part B 74-75 (2012) 95-102.

N. Konjevi¢, M. Ivkovi¢ and N. Sakan

Review: Hydrogen Balmer lines for low electron number density
plasma diagnostics

Spectrochim. Acta Part B 76 (2012) 16-26.

K. Niemax

Considerations about the detection efficiency in inductively coupled
plasma mass spectrometry

Spectrochim. Acta Part B 76 (2012) 65-69.

B. Pokrzywka A. Mendys, K. Dzierzega, M. Grabiec and S. Pellerin

Laser light scattering in a laser-induced argon plasma: Investigations
of the shock wave

Spectrochim. Acta Part B 74-75 (2012) 24-30.

As in the past, the papers selected focus on the fundamental aspect
of spectroscopic techniques, thus maintaining the fingerprint of the
journal. We thank the authors, the reviewers and the advisory board
for their continuous support.

Nicold Omenetto*

Greet de Loos

*Corresponding author.

E-mail address: omenetto@chem.ufl.edu (N. Omenetto).
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Publ. Astron. Obs. Belgrade No. 74 (2002), 37-52 Invited Lecture

PARAMETRIC STUDY OF AN ATMOSPHERIC PRESSURE
MICROWAVE INDUCED PLASMA OF THE MINI MIP TORCH

S. JOVICEVIC, M. IVKOVIC, N. KONJEVIC

Institute of Physics, 11081 Belgrade, P.O.Box 68, Yugoslavia

Abstract. The results of spatial distribution measurements of the electron
number density, excitation and rotationl temperatures in ar atmospheric pressure
microwave induced plasma in argon are presented. Electron number density, n, is
determined from the width of the hydrogen Hg 486.13 nm line. The excitation
_temperature, T, is determined from the Boltzmann plot of relative line intensities either
of carrier gas argon or iron that is introduced in the form of aerosols. The rotational
temperatures, T, are determined from the relative intensitics of OH (R; and Oy branch)
electronic band A* £ — X° 1 (0,0) and to Ny* first negative system B? L," - X* £,* (P
branch). The influence of the mictowave input power in the range 80 W - 150 W on the
spatial distrtbution of n, T.. and T, is determined at first. For the selected input
power of 100 W, the influence of molecular hydrogen in the wet and desolvated
nebulizer and supgort gas and the corresponding changes in distributions are studied. The
influence of potassium as a low ionization potential element on the spatial distribution of
n, T... and T, is also studied.

1. INTRODUCTION

Microwave induced plasma (MIP) is widely used as a well-established
spectrochemical excitation source. In most of the early works piasma is created in coaxial
cavities and experirhents performed in helium and argon at reduced pressures and in
argon at atmospheric pressure. The important step forward in further anaiytical
applicaticns of MIPs came in 1976 when Beenakker [1] showed that with new type of
TMpo microwave cavity it was possible to sustain the stable plasma in argon and
helium at atmospheric pressure, This cavity was further improved [2-6] and applied to
spectrochemical analysis as an emission source for the analysis of gases and solutions
and especially as a gas chromatography atomic emission detector. The supercritical fluid
chromatography [7] and MIP-mass specttometry [8] employ successfully the TMy,
cavity too.

The three comprehensive reviews covered a variety of MIP sources, numerous
analytical applications and even perspectives of MIP applications [$-11]. The basic MIP
properties like particle densities and temperatures are also reported in these reviews.
According 1o analysis of the available atmospheric MIP data including those from [9-11]
one can conclude that numerous resulis dealing with plasma parameters are published.
One is missing however larger scale systematic studies where MIP parameters are
.. simultaneously measured, their mutual dependence determined and anaiyzed. It s
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obvious that better understanding of physical processes in piasma source is of importance
for analytical applications of MIPs. In order to improve this situation we started a
parametric study of mini MIP torch.

2. EXPERIMENT

2.1, Plasma source. The plasma is generated in the resonant microwave cavity. We
used commercially available Van Dalen et al. [2] modification of Beenakker [1]
cylindrical resonant cavity supplied by microwave generator via coaxial cable.

The spatial plasma distortion which would appear if one uses the single
discharge tube for amalyte gas flow is eliminated by the use of Mini MIP Torch
discharge tube system similar 1o the tangential flow MIP torch reported by Bollo-
Kamara et al.[3]. Their torch, constructed entirely from quartz, utilizes a concentric tube
arrangement with a thread insert to generate a tangential support gas flow, The thread is
fused to the inner tube and then sealed to the outer one. The Mini-MIP-Torch also uses
1wo concentric tubes, but made of Al oxide {4], separated by the cooper wire, These
tubes (outer diameters 4 mm and 2 mm) are fixed by stainiess steel body and holding nut
via graphite gasket. The windings of the cooper wire are the same as the Bollo-Kamara
{3] threaded insert. Analyte sample gas goes through the inner tube while the plasma
support gas is introduced -through the outer sleeve and exits from the cooper wire
windings with a spiral wrajectory. By increasing the flow rate of support gas (up to
500ml/min), the discharge starts to behave as a rod like filament suspended in the center
of the discharge tube and extends outside the cavity. Once this so-called “suspended
plasma” is formed the gas flow rate can be decreased (o less than 0.3 l/min. The
generated discharge is spatially and temporally stable and separated from the tube walls.

The analyte gas, wet or desolvated, is prepared in a systern simular to the one
described by Veillon et al. [12]). Tt consists of a right angle pneumatic nebulizer, spray

chamber, evaporating chamber and modified Liebig-Graham cordenser.
SPECTROMETER

OLVATION
- SYSTEM

Figure 1. Schematic diagram of the experimental sctup: SMA — steping motor; PhM -
photomultiplier tube; HVPS - high voltage power supply, M, and M, - plane mirrors;
M, - mirror focal length 50 cm; L, - guartz lens, 8 cm focai lengih, diameter 2.5¢m.
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For the generation of aerosols from aqueous solution of analyzed samples
Meinhard right angle preumatic nebulizer is used. The aerosols generated by this
nebulizer have extremely wide range of drop sizes and very wrbulent gas flow patterns
(Browner et ail, [13]). In order to reduce consequent random fluctuations of spectral
lines intensities dual Scott-type tube [14] spray chamber is used. The evaporation of
water is achieved by the use of a glass chamber heated at the temperature of 300" C.
This temperature is centrolled by thermocouple and appropriate electronics. The water
vapor is later condensed in the Liebich Graham condenser cooled with water at the
temperature of 3% C. The water droplets are accumulated in the drain and the dry gas
with anajytic sample is introduced in the discharge tube.

2.2. The experimental setup.

By means of optical mirrors the i:1 image of the plasma source is projected, see Fig 1,
on the entrance slit { 20 um wide and 1 mm high ) of the 0.5 m Ebert type spectrometer
with the reciprocal dispersion of 1.6 nm/mm in the first ocder of diffraction grating.
Plane mirror M, and the lens L, see Figl, are used only when the optical thickness of the
investigated line is checked. Spectra recordings were performed by the use of
photomultiplier mounted on the exit slit of the spectrometer. The wavelength scanning
was achieved by the stepping motor whose driver is controlled by PC. The spectral line
shapes are recorded by the help of boxcar averager and the same PC. For the
improvement of signal to noise ratio, the averaging of 10 signals at each wavelength step
is used.

In order to scan the plasma image over the entrance slit of the spectromgeter the
microwave cavity with the torch is mounted on the PC controlled X-Y table with the
micro step resolution of 1 pm quoted by the manufaciurer. To determine the spatial
distribution of light intensity ail plasma observations are performed side-on, see Fig.l.
The Jaterally measured intensities are converted into radial intensities by pertforming the
Abel inversion. The fittings of recorded radial intensity profiles and Abel inversion are
performed by the use of different kind of Jakobi polynomials of varicus degree {15].

3. EXPERIMENTAL RESULTS AND DISCUSSION

3.1. Determination of electron number density, r,

For determination of the electron number density the method which is based on
the measurement of the Stark broadening of hydrogen atomic kine at k= 486.13 nm is
used. The shape of Hy profile has been experimentally measured and n, was determined
using well-tested approximate formula by Wiesse et al. [16] For cach of tested cases the

1.49
n| cm™ |=10"* v,
474

spatial maps with 1071 line profiles are recorded.
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where Wi is Hp Stark halfwidth at half maximum [0.1nm}.

The experimental condition used in the spatial electron number density
measurements are specified in Table i. In such a way, the influence of water,
desolvation, additional molecular hydrogen and potassium clernent of tow ionization
notential is investigated.

First set of experiments is devoted to the investigation of the influence of
microwave power input in the range 80W — 150 W 10 the plasma stability and
homogeneity of electron

Table 1. Experimental conditicns
Gas flow in ali cases : nebulizer gas — 20 cm’/min; sample gas— 200 c’ fmin

Nebualizer gas Support gas Gas condition

1 Ar + H,O : Ar Wet
2 (Ar + 2.7% Hy) + H,0 Ar Wet
3 Ar + H,O Ar+277%H, Wet
4 Ar+ 2% H, Ar+ 2.7% Hy Dry
5 Ar + 2.7% Ha Ar Dry
6 (Ar + 2.7% H,) + H,O Ar Desolvated
@ (Ar + 2.7% H,y) + H;O Ar +2.7% H, Desolvated
8 Ar + (KCl + H,Op Ar Wet
10 (AT + 2.7% Ha) + (KCl+H,O)** Ar Desolvated

* water solution of KCl -1, 2 and 4 mg/mi
» * water solution of KCl — 1 and 2 mg/ml

density, n,, distribution. For input powers of 80, 100 and 130 W the maximum n,
determined are 9.8E14, 8. 7E14 and 1.45E15 cm’”, respectively. The maximum value of
n, at 100 Wis

lower than at 80 W, but in_this case, a larger volume of the MIP has the high electron
number density and the plasma is spatially more homogenous. For these, all future
investigations were performed at an input power of 100 W,

It is also possible to notice that the spatial distributions of the total Hy line
intensity do not show any resemblance with the distributions of n, This is an indication
that non-equilibrium conditions prevail in the MIP. The same conclusion can be derived
from all other spatial n, distributions and the corresponding Hgline intensity recordings,
(Fig 2a and Fig 2b).

In most of the experiments, the only source of hydrogen atoms used for »,
diagnostics was the presence of water vapor, but in experiments with dry and desolvated
nebulizer gas, a mixture of 2.7% of molecular hydrogen and argon is used for the same
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purpose. These experiments enebled to determine the influence of molecular hydrogen
on the MIP parameters.

The spatial distributions of #, and Hg line intensity in the case of wet nebulizer
argon-hydrogen mixture and pure argon as & support gas, shows that the addition of
2.7% of hydrogen to the nebulizer gas do no change essentially the maximum value of
n,.

The effect of H; on the MIP is more pronounced when the argorn-hydrogen
mixiure

4000

5
1514

*

Figure 2. Spatial distribution of the electron number density {a) and distribution of integral Hg line intensity
{b) in arbitrary enits. Conditions: wel argon as nebulizer gas and argon support gas: input power 100W,

being used as nebulizer gas is desolvated.The plasma volumne and its shape are
considerably changed while the maximum value of n, decreases only by 15%. Similar
differences in the values of s, were reported in an ICP experiment {17}, when wet and
desolvated nebulizer gas was used.

If a dry Ar - H, mixture is used as a nebulizer gas, the maximum of n, 18
decrease three times compared to the value obtained with desolvated nebulizer gas. This
result suggests thai the desolvated nebulizer gas still contains a large amount of warter
vapour which, through the process of dissociation and ionization, seems to be the main
source of electrons.

Finally, if an Ar - H, muixture is used as a support gas with wet argon nebulizer
gas, the maximum electron number density decreases by about 40% compared to the
value observed when pure argon suppert gas is used. The role of molecular hydrogen
regarding to the electron number density and MIP shape is most likely related to the
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extremely large hydrogen thermal conductivity in the range of 2000 - 5000 K caused by
dissociation of the H, molecule. As before, the large difference observed between the n,
and Hp maximum, indicates _

strong non-equilibrivm plasma conditions exist, { Fig 3a and Fig. 3b).

000 40
E 3560 — 3500
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= 300 = 3000

2500 2800

20004 2600 -

L51H) 1500

1000} 1006 -

1 4EL4
500 500+
0 / f 0 —————
-260 -t =200 -6 -106 1} 140 209
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Figure 3. Spatial distribution of the elecron number density (a) and distribulion of integral Hp line
intensity fb), in arbitrary units. Conditions: wet argon as nebulizer gas and argon - hydrogen
miynire  sunpet @as inmA nower 100W
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Figure 4. Spaaal distmibution of the elecrron nimber density fa) and distribution of integral Hy
line intensity (5), in arbitrary units.  Conditions: argon with water soluttan of 2 mgfml KCI as
nebulizer gas and argon support gas; input power 100%.
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The influence of an element characterized by a low ionization potential, such as
potassium, on the distribution of #. in the MIP is also studied. Potassium is introduced in
the MIP in the form of a KCl aqueous solution. In the presence of 2 mg/ml of potassium
in nebulizer gas, the electron number density decreases three times in comparison with
wet argon. The maximums of n, and Hy are shifted one from the other considerabty,
(Fig 4a and Fig. 4b).
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Figure 5. Axial distribution of the electron number density with nebulizer gas oiwet
argon with argon as a support gas (A), wet argon with argon — hydrogen mixture as a
support gas () and wet arpon with

The study of the spatial distributions of &, and Hy with desolvated nebulizer
gas consisting of an argon-hydrogen mixture with 2 mg/ml of potassium, shows an
interesting phenomenon. The MIP is divided along the axis into several regions with
local maximum concentrations of n, along the axis, while the maximum electron
number density is further decreased by more than 50% in comparison with the previous
case.

It is interssting to compare the axial distributions of n, in the MIP observed
with: (1.} wet argon with argon support gas, {il.) wet nebulizer argon gas and Ar - H,
support gas, and (iii.) wet argon with 2 mg/ml of KCl and argon support gas. This
comparison can be seen in Fig. 5. The use of Ar — H; support gas decreases the
maximum value of n, and flatiens its axial distribution. The effect of potassium in
nebulizer gas is similar but more dominant.
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3.2. Determination of excitation temperature, To..

The excitation temperanire, T, is determined from the Boltzmann plot of
relative line intensities either of carrier gas argon or iron that is infroduced in the form of
aerosols. '

In order to obtain spatial distribution of T, from Arl lines, see Table 2, line
by line intensity distribution is furst determined. In this way spatial maps with 107! line
intensities per line are recorded. The whole procedure is repeated for other seven Arl
lines and then from the Boitzmann plot T, is determined at each particular point. These
temperatures are later used to determine spatial distribution of excitation temperatures.
For selectad experimental conditions it was possible 1o tests the influences of water,
desolation, additionat molecular hydrogen and potassium at T distribstions, { see
Table 1.,

Table 2. Transition and atomic data of neuiral argon and iron lines used for excitation
ternperature measurement [18, 1 9].

Emitter Transition Al nml] Ex em” ] B Ay [10%s™]

Arl 4s{3/2]°-5p(3/2] 415.859 117184 5 0.0140
4s[3/21%-5p{5/21 420.057 116943 7 0.00967
4s(3/21%-5p(3/2] 427217 117151 1 0.00797
45'[1/21%-5p°(312) 433356 118469 5 0.00586

45 [172]°-5p 1121 433.534 118460 3 0.00387
457(1/2)%4p'[1/2] 750.39 108723 1 0.445
4s(3/2)%-4pi3/2] 763.51 106238 5 0.245
45[3/21°-4p[5/2) 811,531 105436 7 0.331

Fel a’D-z°F 373.713 27167 9 0.142
- a’D-2°F 374 826 27560 5 0.0915

2 F-yF 374.948 34040 9 0.764

a’F~y°F 375.823 34329 7 0.634

a’F-y P 376.379 34547 5 0.544

In the case when dry argon is used as weil as nebulizer and support gas, sce Fig 6a, large
dip in the central region of T spatial distribution of MIP may be noticed. The use of
wet nebulizer gas instead of dry gas changes the axial T... distribution, see Fig 6b. This
effect is easier to notice if one compares radial or axial T, distributions. It can b
noticed that the use of wet nebulizer gas instead of dry argon changes radial T,..
distribution into the bell shaped form, see Fig 7. The desolvation of wet nebulizer gas
decreases, approximately 10%, maximum value of T,. but the shape of radial
distribution remains similar. It is intersting to
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Figure 6. Spatial MIP T, distributions with a) dry argon nebulizer and
support gas and b) wet argon nebulizer gas and dry argon support gas.

meation that under same conditios n, is lower for 13%. The influence of the nebulizer
gas desolvation is in qualitative agreement with the results of other researchers (20, 21,
22], and it is related to the presence of hydrogen and oxygen from the wet nebulizer gas.

Generally, speaking, radial distributions of T.. presented in Fig.7 are the best
illustration of the influence of nebulizer and support gas variation to MIP excitation
temperatures. Although these variations induce certain changes in axial direction, (see
differences in Fig 7}, the shape of radial distributions remains the same.

The addition of 2.7 % of hydrogen in argon support gas changes considerably
radial distribution of the wet nebulizer gas with dry argon support gas from the bell
shape to the one with the dip at the axis of MIP, see Fig 7. Under the same conditions
this percentage of H; in support gas decreases axial nr, for about 40%




r [und

Figure 7. Radial distributions of T, the axial position of 2000 pm from the torch
orifice: (*) nebulizer gas dry Ar with support gas Ar, (H =1000pm}; (o} nebulizer
gas wet Ar with support gas dry Ar, (H = 1400um); (e} nebulizer gas desolvated
wet Ar with support gas dry Ar, (H = 2000um}; { ¥} nebulizer gas wet Ar with
support dry gas (Ar+ 2.7% H,}, (H = 1800um}; (m} nebulizer gas KCl in wet Ar
with dry support gas Ar, (H = 20001m).

The influence of 2.7% of H, in argon support and dry argon nebulizer gas is
shown in Fig.7. Like in the wet nebulizer gas where hydrogen is present as a resuit of
waler Lol

dissociation, dip in T I8 changing shape towards the bell shape distribution but the
hydrogen concentration in support gas is not large enough to the change shape
completely.

It comes out from the resuits and above discussion that small amount of water
vapor and molecular hydrogen in MIP induces large change of plasma parameters. This
is in qualitative agreement with [23] where detailed study of the influence of molecular
gases to the intensity of analyte line.

The most dramatic change comes as a consequence of KCI presence in the
nebulizer gas, Temperature increases considerably while the radial distribution has a bell
shaped form.
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Under same conditions n, decreases three-fold in comparison with wet argon (compare
Fig 4. and Fig.2).

The very same procedure is used for T, measurements from Fe I lines, {Table
2), The radial distribution of iron line intensities and determination of T, are
performed only at 2000 pm from the torch orifice. At the same position radial T,
distribution in the presence of wet KCl are performed too.

Radial distributions of excitation temperatares, T.,., determined from Fe I and
Ar I lines under the same experimental conditionrs, are given together for comparison in
Fig. 8. Temperatures obtained from Ar [ lines are slightly higher. The addition of KCl
increases Ty, but not as much as T,,. obtained from argon lines, ( see Fig.3).
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Fi gurc 8. Radial distributions of T, at the axial position of 2000 um from the torch
orifice determuned from: (o} Ar [ lines; (o) Fel lines; (w) Fe I lines in the presence of
KClin a nebulizer gas,

3.3. Determination of rotational temperatures, Ty,

The rotational temperature, Tn, is determined from the Boitzmann plot of
relative intensities rottional lines of first negative system of nitrogen melecul ion Ny*
and of OH radical. The radial distribution of rottional lines intensities and determination
of T,y are performed only at 2000 um from the torch orifice. Same procedure of data
proccessing as in the case of excitation temperature detrmination are performed. This
procedure consists of Abel inversion procedure.
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Figure 9. (a) Typical Boltzmann plot at r =0, i.e. discharge center and
H = 2000 um; (b} Radial distributions of Ty, at the axial position of 2000
pm from the torch orifice determined from P- branch of first negative
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simple task.

In (IA/gA)

As first sicb of rotational temperature detrmination very carefull identification
of spectra must be performed or great mistakes can be produced, [24, 25]. This is not a
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Figure 10. (a) Typical Boltzmann plot at r =10, i.e. discharge center
and H = 2000 pm; (b} Radiai distributions of T, at the axial position of
2000 um from the torch orifice deterrmined from R - branch of OH band



Typical Boltzmann plot of the P branch of first negative system of nitrogen
molecul ion N,* is presented in Figure 9a. Radial distributions of rotational temperature,
T, determined from N;" band, in the case when wet argon ot wet argon with 2 mg/ml of
KClis used as nebulizer gas and argan support gas are given together in Fig. 9b. As you
can see from the presented radial distributions maximum Ty, in case wet Ar is 4000 K
and in case of potassium addition is slghtly lower.

Typical Boltzmann plot of the R branch of OH radical is presented in Figure
10 a. Radiai distributions of rotational temperature, T, determined from OH band, in
the case when wet argon or wet argon with 2 mg/ml of KCl is used as nebutizer gas and
argon support gas are given together in Fig. 10 b. In this case obtained radial
distributions shows that maximum T, is with wet argon 3600 K.

4. CONCLUSIONS

Reported resuits on #, T..o Toon spatial distributios in the presense of water,
molecular hydrogen and efement of a low ionization poteatial, indicate that number of
processes are involved and that their descriptions and mutual interaction is very compiex.

The main value of this work are high quality experimetal data which may be
used for reliabile testing of differnts models. Since these models are not available ( to our
knoweledge) we would like to invite evriybody willing to start modeling of such kind of
discharge and we will be ready to perform ali additional experiments to help testing of
theoretical studies
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APPLICATIONSOF SPECTRAL LINESFOR LOW
ELECTRON DENSITY PLASMA DIAGNOSTICS

M. Ivkovié, S. Joviéevié, R. Zikié, N. Konjevié

Institute of Physics, 11081 Belgrade, P.O.Box 68, Serbia

Abstract. This work comprises an analysis of optical emission spectroscopy (OES)
techniques and results of their application for diagnostics of middle and low electron
densities (N,) in low temperature plasmas. The discussion will be limited primarily
to the applications of the methods based on the use of: Stark — widths and shifts of
non-hydrogenic neutral and singly ionized atom lines, line shape of neutral helium
lines with forbidden components and molecular nitrogen band heads intensities. In
this study all these techniques are critically evaluated, tested and applied for
diagnostics of microwave induced plasma (MIP), low pressure pulsed arcs or
capillary discharge.

1. INTRODUCTION

Low and medium electron density plasmas are extensively used in analytical
atomic spectroscopy as a light sources for optical emission spectroscopy (OES),
plasma processing and in various technologies, such as laser ablation, thin film
deposition, creation of different nanostructures and nanocomposite etc. Therefore,
the interest for plasma diagnostics is growing, and the need for improvement of old
and development of new techniques is a constant task. Due to their non-perturbative
nature, high spatial resolution and variety of different methods, the OES techniques
are of particular interest.

In this study, the discussion will be limited primarily to the diagnostics of
electron density, N, in low temperature plasmas using of non-hydrogenic spectral
lines. For other plasma parameters measurements and application of hydrogenic
spectral lines for N, diagnostics, more details can be found in several recent review
articles and textbooks [1-5] and references cited therein. Within this work
techniques based on Stark — widths and shifts of non-hydrogenic ion and atom
spectral lines, thr overall line shape of helium atom lines with forbidden component
and molecular nitrogen band heads intensities are studied. All these techniques are
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applied and tested in different plasma sources and theirs advantages and drawback
discussed.

2. EXPERIMENT

In experimental part of this study two different setups were used. One for the
investigations of low pressure pulsed capillary discharge and another one for an
atmospheric pressure microwave induced plasma studies. The central part around
the axis of the pulsed plasma source is imaged 1 : 1 onto the entrance slit of the 1 m
monochromator (inverse linear dispersion 0.833 nm/mm) by means of a 1 m focal
length focusing mirror. A 30 mm diaphragm placed in front of the focusing mirror
ensures that light comes from the narrow cone about the discharge axis. The spectral
line profiles are recorded step-by-step with the instrumental half width of 0.017 nm.
Signals from the photomultiplier - PMT are led to a digital storage oscilloscope
triggered by the signal from the Rogowsky coil. The main current pulse through the
discharge tube induces the trigger pulse. In order to obtain better signal-to-noise
ratio an averaging of eight signals at each wavelength step is performed. For more
details see references [6, 7].

In cases when radiation from the microwave induced plasma sources — MIP was
measured, the 1:1 image is projected on the 20 [Jm wide slit by use of a 0.5 m focal
length focusing mirror. In that case, signal from the PMT was amplified by the
picoammpermeter. More details about sample introduction, gas flow control when
using different versions MIP sources one can find in [5, 8].

3.RESULTS

In the following section in front of the experimental and/or mathematical testing

of the methods, short review of theirs fundamental characteristics will be presented.
3. 1. Neutral and Singly Ionized Non-hydrogenic Atom Lines

The use of Stark widths and shift of ionized non-hydrogenic atom lines for
diagnostics of the electron densities lower than 10”2 m™ is very rare. At these
densities Stark widths are small and comparable with widths due to the other
broadening mechanisms, so that high-resolution spectroscopic instrumentation has
to be used and deconvolution procedures must be applied.

3.1.1. The Width and Shift of the Neutral Atom Lines
The shape of the neutral atom line in quasistatic approximation for ions is

described by the following expression [9]:

118



APPLICATIONS OF SPECTRAL LINES FOR LOW ELECTRON DENSITY'...

=L
JAR _n-([ (x A4/3B)2 )

where H(B) is ion microfield distribution, and X is described by X =(A- Xg - de)/We, Ao
is the central wavelength of the unperturbed line, d. is the electron shift and w, is the
electron impact half-halfwidth. Examples of neutral atom plasma broadened line
shape for Debye shielding parameter R = 0.8 and different values of ion broadening
parameter A are presented in Figure 1.

From a large number of generated profiles Griem [4] found that total Stark (full
widths at half maximum FWHM) - w; of line profiles could be expressed within the
quasistatic ion approximation as a function of w,, A and R

Wi(To) = 2Wo(T)[1 + 1.75x 107N A(T.)(1 - 0.068N,"*T,*)]10"N,  (2)
dy(Te) = [do(Te) £ 2. 0x104N ”4A(Te) we(To)(1 - 0.068N,"°T,"")]10° 16N (3)

/6, -1/2

d, (N, T.) = [d(T,) = 3.2x10 " Ne AT )w(T)(1 - 0.068N, T, 110N, (4)

where w;, d; and d;, are measured Stark widths and/or shift of the peak line
intensity or shift of the halfwidth, respectively, while w,, d. and A are theoretical
electron impact half-halfwidth, d. shift and A ion broadening parameter calculated
for N.= 10'® cm™ and published in Appendix IV of [4].

1.0+ AN a=A
p = R=0.80 0.050
——0.100
0.8- S R 0.200
\ ——0.300
W\ 0.400
0.6 1 W\
. A\ |——0.500
E(: 04 \
0.2 y N
0.0

5 -4 3 2 -1 0 1 2 3 4 5

Fig 1. The ja r(x) profiles of neutral atom lines for R = 0.8 and different values of A

It should be noticed that plasma broadened neutral atom lines are asymmetric
and that the deconvolution procedure, see e.g. [10,11], differs from symmetric
profiles of, for example, ionic lines, see e.g. [12]. Influence of ion dynamics
especially in case of light elements such as helium [13,14] is also important and
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must be taken in account. For a number of lines correction factors Weg,/w;
determined by Konjevic [15] from the comparison of theory and large number of
high accuracy experimental data. This enables more precise electron density
determination.

This technique was tested in the capillary discharge with gas mixture of 2.4%
Ne, 5.6% He and 92 % H? at pressure p = 4 mbar. The maximum discharge current
of =400 A with t = 2.7 [Is was obtained by discharging C = 0.36 [JF, charged up
to U =7 kV. By use of excitation temperature Texc = 33 000 K determined from
Boltzmann plot of O II lines, correction factors from [15] and tabulated values of w,
and A [4] the electron density Ne= (4.8 £ 0.2) x 10”2 m™ from the He I : 388.8,
471.3 and 501.6 nm spectral lines was determined. For the determined electron
density and w, value in Appendix IV of [4] for Ne I spectral line at 594.483 nm very
good agreement between experimental and generated Voigt profile was obtained.
The observed Ne I lines were symmterical, within the uncertainty of experiment
indicating that small ion broadening contribution is small, see Figure 2.
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Fig 2. a) The recorded He 1 388.865 nm line (o) fitted with jar (X) theoretical profile
with data taken from [4] for N, = 5.2 x 10 m™ and T. = 33000 K and b) The
recorded Ne I 594.483 nm line (o) fitted with Voigt profile for N, = 4.8 x 10* m”
and T, = 33000 K.

It should be notices that from fitted jar (x) profile of the He I 388.8 nm line

We = 0.122 nm ie. N, = 5.2 x 10 m” is obtained, but after applying Wexp/ Wi
correction factor determined in [15] the value of 4.8 x 10** m™ is determined.
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3.1.2. The Comparison of the Theoretical and Experimental Profiles

The another and more accurate way for electron density determination is based
on comparison of whole experimental and theoretical line profiles, see example in
Fig.2 [16-18]. In order to test the possibility of determining plasma and line
parameters by using deconvolution techniques and especially the six fit parameter
deconvolution - SFPD procedure [18] from one line profile only (without
independent plasma parameters and shift measurements) the theoretical line profiles
are generated from Eq.(1). We analyzed theoretical profiles jyr(x) with the
following sets of parameters: 1) various R values (0 < R < 0.8) and largest value of
A = 0.075 reported in [19]; 2) different pairs of A and R values with fixed electron
impact w., and ion contribution w; and 3) fixed total Stark widths w; and R values
for various sets of w, and A.

The Case 1. is illustrated by Fig. 3. The FWHM of these lines for the whole
range of R changes from 2.133 to 2.188, i.e. difference is only 0.055 (in X units)
while shapes are very similar. This means that for typical w, values around 0.1 nm at
10" cm™ [19] the difference in half width corresponds to only 0.0055 nm for the
whole range of R values. Such a small difference between profiles in a large range
of R values raises a question: Is any deconvolution capable of detecting so small
differences of line shapes in particular if one is using pulsed plasma source and
shot—to-shot technique for line profile recording or study the astrophysical plasmas.

1.0+

0.8

0.6 -

Jag )

0.4+

0.2

w4+H———¥¥¥ ¥+ ——7+—

Normalized wavelength - x

FIGURE 3. The jar(x) profiles of neutral atom lines for w.= 2, d.= 0, A = 0.075
and different values of: R = 0 (thick line), 0.4 (dashed line) and 0.8 (thin line).
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In the Case 2., from Eq. (2), after several iterations of this approximate
formula many (A,R) pairs with the same electron impact, w,, and ion contribution,
w;, i.e. with the same total Stark width w; are determined, see several examples in
Table 1.

Table 1. Different sets of parameters for the same w,and total ion shift d;.
A\- calculated from Eq.(2), A,- determined by an iteration process.

We Wt di R A] A2

2 241 0.47 0.55 0.2 0.2

2 2.41 0.47 0 0.118 0.142
2 241 0.47 0.2 0.138 0.162
2 241 0.47 0.8 0.294 0.24

The shapes of the lines with parameters given in Table 1 are practically
indistinguishable in a typical line profiles presentation. Consequently, the line shape
only cannot be used for plasma diagnostics and line parameters determination.

—— We=0.1885 A=0.21547
- - - We=0.2123 A=0.0913

We=0.1885 A=0.21547
= = We=0.2123 A=0.0913
shifted by 0.00165

1.04

0.8

0.6

T 044

0.2

0.0 v T T T T T T T T T T 1 00 T T T T T 1
-0.03 -0.02 -0.01 0.00 0.01 0.02 0.03 -0.03 -0.02 -0.01 0.00 0.01 0.02 0.03

A [nm] A [nm]

Fig 4. The jsr(x) profiles for R = 0.48 and different values of w, and A; w.=0.188,
A =0.215 (solid line); w.= 0.212, A = 0.091 (dotted line). a) shifted profiles and b)
profiles with the shift normalized to the same value.
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In the Case 3, by using Eq.(2), whole set of (w., A) pairs for the same value of w;
and R were calculated. In this case profiles are not identical, but they differ slightly
at the line wings, see Fig. 4b. These differences are so small that deconvolution of
profiles recorded from pulsed sources using shot-to-shot technique in the presence
of impurity lines can’t distinguish one from another. Figure 4a illustrates the
importance of precise shift measurements for determination of N, in these cases.

The analysis of line profiles is even more complex when all three parameters we,
A and R are varied. With different combinations of these parameters profiles with
exactly the same w, with very small differences in shape can be obtained.

3.2. Helium lineswith Forbidden Component

In the case of helium plasmas, electron density can be determined by using the
shape of some visible He I lines with forbidden components. These strong lines,
belonging to the 2°P — n °D series (n = 4 for 447.1 nm and n = 5 for 402.6 nm) and
to the 2 'P — n 'D series (n = 4 for 492.2 nm), have in plasma forbidden components
2°P- n °F or 2 'P - n 'F, respectively. The complex structures of these lines, see
Fig.5, are extensively studied both theoretically, by applications of unified, MMM
or close coupling (CC) theories, and experimentally. The inclusion of ion dynamic
effects in theoretical descriptions of helium lines with forbidden components greatly
improves agreement with experimental results.

1.2

=
o

0.8

Relative intensity

Al

Fig. 5. Comparision of measured He I 447.1 nm line shape (squares) with theory:
MMM (full), CC (dashed),and BCS (doted line).Plasma parameters: N, = 1 x 10"
cm'3, T.=18 000 K, T, = 13 000 K. Doppler and instrumental broadening included
and all profiles are area normalized.
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However, as illustrated in Fig. 5, the discrepancy of predicted forbidden line
intensity with the experiment [20] still remains for all three theoretical approaches.

This is a main reason why experimentally determined formulas relating N, with
the parameters of helium lines with forbidden component such as F/A - forbidden
(F) to allowed (A) line maximum intensity, D/A - deep (D) i.e. minimum intensity
between forbidden and allowed line and A line intensity) and S - wavelength
separation between F and A. determined by Czernichowski and Chapelle [21] are
mainly used. Due to the fact that parameter S is not sensitive to distortion of the
strong allowed line caused by the possible presence of a self-absorption effect, the
following relation was used in this work

log N, [m™] = 23.056 + 1.586 log (s[nm] — 0.156) + 0.225 [log (s - 0.156)]* )

where 0.156 nm in Eq.(6) is the separation between unperturbed F and A line.

The application of He I 447.2 nm line for determination of the medium
electron densities was applied in the capillary discharge at p=4 mbar of gas mixture
1.5% CO,, 1.5% N, and He, see Figure 6. The capacitor of 0.36 [JF charged up to

the 6 kV was used to obtain peak current with duration of 3.6 [Is.

150

100 g

Relative intensity

50

0 = L T T T T T T y T
4460 4465 4470 4475 4480 4485
Wavelength [0.1 nm]

FIGURE 6. The shapes of the 447 nm line during plasma evaluation (A - 3.5; B -
4.5;C-5.5; D-6.5and E - 7.5 [Is after current maximum),
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which corresponds to the Ne =3.4; 1.9; 1.2; 0.78 and 0.35 *10' cm respectively.

The same procedure can be used for lower N, determination, but with a use of a
different amplification when recording forbidden or allowed component, as shown
in Figure 7. It should be pointed out that great care must be taken when using He 1
lines with forbidden components for the determination of N, lower than few times
10" [cm™ ]. At these densities, the low intensity of the forbidden component (less
than few percents of the allowed one), may be masked by noise or in the presence of
traces of nitrogen, molecular lines from 6-8 and 8-10 bands of the first negative
system of N,".
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Fig. 7. Tllustration of line shape recordings with different amplification of the
photomultiplier signal. Line emitted from the center of the Mini MIP at height of
Imm from the torch orifice. The flow rate of He through the outer was 0.6 I/min,
and He+ 3% H, through the inner capillary was 0.2 1/min.

3.3. Intensity of the N, and N," Molecular Band Heads

According to [22-24], the electron density in nitrogen and nitrogen/He
plasmas can be determined from the intensity of N, second positive system (SPS)
band head (0-0) at 337.1 nm (C °IT, » B 3Hg) and N," first negative system (FNS)
band head of (0-0) at 391.4 nm (B’Z,” — X’Z,").

Namely, by using the simplified kinetic model of the N, (C[1,) state, see
e.g. [23] and assuming that the steady-state population of the upper energy state is
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equal zero, a linear relation between the 337.1 nm band intensity and the electron
density at constant pressure and constant electric field may be obtained. This
relation is confirmed with 5% accuracy in a volumetric near field microwave plasma
[24].

A similar discussion can be applied to the band head of First Negative
System of nitrogen ion (B°%,” — X°%,") [23]. Due to an additional excitation
process for the upper level population, the intensity of the 391.4 nm line has
quadratic dependence upon electron density, i.e. [391.4nm) ~ Ny ~ A NS+ B N, where
N, is the population of the B2z, state, while A and B are constants, which must be
independently determined.

According to the authors [22], this method can be applied even in plasmas with
non-Maxwellian electron energy distribution.

To apply the same method for N, determination in other gas mixtures, N," ion
fraction has to be calculated. The situation is more complex if Ar or H, are present
in the gas mixture. The reactions Ar* + N,—Ar + N,", N, + H, » N,H" + H and
Ar* + H, — Ar H* + H and many others, have to be taken into account.

The band intensity method is tested in MIP at atmospheric pressure with power
input of 100 W and at constant He flow rate of 0.7 1/min. The radial distributions of
the band head intensities and hydrogen Balmer beta line shapes — H, are obtained by
Abel inversion procedure. From the determined H, line shapes electron densities are
calculated using approximate experimental formula, see Eq.2 in [5]. Finally,
dependence of the molecular nitrogen band head intensities versus log N, for

different values of radius are presented in Figure 8.

— O —

337.1 nm

0.8

) 13914 nm

0.6

0.4

0.2

Relative band head intensity

0.0

log N_ [cm'3]

Fig. 8. Dependence of the molecular nitrogen band head intensities versus log Ne
for different values of radius in MIP at atmospheric pressure Power input 100 W
and flow rate of He 0.7 I/min.
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It is evident that the application of this method for N, determination requires
further elaboration and experimental verifications in different plasma sources and
gas mixtures. It should be noticed that the calibration of log N, band intensity vs.
log N, determined using another independent diagnostic technique enables slope
parameter determination. The extrapolation of intensity vs. N, plot may be used for
lower N, plasma diagnostics.

4. CONCLUSIONS

At the end one can conclude that fitting of the neutral atom line profiles is
usefull for the medium electron density diagnostics, but a great precautions must be
undertaken. This is especially important when more than one parameter fit of only
one line without shift measurements is used for several plasma parameters
determination.

The helium lines with forbidden components can be used in a very broad
range of electron densities and even at lower than 10" cm™. For lower densities the
more complicated procedure must be used and furher theoretical studies will be
welcomed.

It should be stressed out that the molecular nitrogen band heads intensities
offer a greatest possibility for diagnostics of very low densities, but a both
theoretical and experimental studies in different plasma conditions are needed.
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Optical Emission Spectroscopic Techniques for
Low Electron Density Diagnostics

M.Ivkovié

Institute of Physics, 11081 Belgrade, P.O.Box 68, Serbia

Abstract. This paper comprises an analysis of optical emission spectroscopy (OES) techniques
and results of their application for diagnostics of middle and low electron densities in low
temperature plasmas. The following OES diagnostic techniques based on: 1) line merging along
spectral line series, 2) use of line shapes and Stark halfwidths of hydrogen Balmer lines, 3) line
shape of helium lines with forbidden components and 4) use of molecular nitrogen bandhead
intensities are studied, discussed, tested and applied and in some cases ugraded for electron
density measurements. The overall comparative analysis is performed also.

Keywords: Optical emission spectroscopy; electron density diagnostics

PACS: 52.25Ya, 32.70.Jz,52.70Kz

INTRODUCTION

Low and medium electron density plasmas are extensively used in analytical atomic
spectroscopy as a light sources for optical emission spectroscopy (OES), for plasma
processing and in various technologies, such as laser ablation, thin film deposition,
creation of different nanostructures and nanocomposite etc. Therefore, the interest for
plasma diagnostics is growing, and the need for improvement of old and development
of new techniques is a constant task. Due to their non-perturbative nature, high spatial
resolution and variety of different methods, the OES techniques are of particular
interest.

In this study, the discussion will be limited primarily to the diagnostics of electron
density, N, in low temperature plasmas by techniques based on: 1) line merging along
spectral line series, 2) use of line shapes and Stark halfwidths of hydrogen Balmer
lines, 3) line shape of helium lines with forbidden components and 4) use of molecular
nitrogen band head intensities. For other plasma parameters measurements, more
details can be found in several recent review articles and textbooks [1-4] and
references cited therein. Within this work all these techniques are applied and tested in
different plasma sources and theirs advantages and drawback discussed.

2. EXPERIMENT

A schematic diagram of the experimental setup is presented in Fig.1. Instead of
low-current, 8A, U shaped argon stabilized arc plasma at atmospheric pressure, shown



in this Figure and described in details elsewhere [5, 6], a so-called “open capillary”
configuration MIP (single 30 mm long Al oxide tube with 6 mm external and 2 mm
inner diameter, inserted in the center of cavity) and Mini MIP torch were also used.
More details about MIP sources and experimental procedure one can find in [7].
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FIGURE 1. Schematic diagram of the experimental setup
SM - step motor; HVPS - high voltage power supply, O - plane mirrors; O, - mirror focal length 50 cm

3. RESULTS

Within this section short review of OES techniques and results of theirs
application for N diagnostics of low electron density plasmas were presented.

3.1. Series Limit

The oldest one is the so-called Inglis-Teller method for N, determination from the
line merging along spectral series [8], see also [9]. This formula relates the upper level
principal quantum number, ny,y, of the last detected line along spectral series with N¢:

log (Ne + Ni) =23.26-7.51og nooe ™t 4.51log z (1a)

where N; is plasma ion density and z-effective nuclear charge (z = 1 for singly charged
ions), when electron velocity is sufficiently small, i.e. when condition [9]

5
T < 46x10° z K] (1b)
nmax
is fulfilled. By assuming N. = Nj, the electron density may be determined by
identifying the last spectral line in the series and introducing np.x in Eq.(1). For
example, for H; line of the Balmer series ny.x = 7. In [9] the envelope of merging lines
is used to increase the accuracy of Eq. (1) for N, determination. The Inglis-Teller
method offers remarkable possibilities, especially at low N, where the accuracy of the
method increases (larger number of lines is detected), and the error may be as low as a
few percents [9]. The possibilities and difficulties in the determination of N, are

illustrated in Fig.2, see also [10]. Although neutral argon lines interfere with hydrogen



lines belonging to the Balmer series, the latter are clearly discernible and the series
limit may be easily determined. For np,x = 10, see Fig.2, and assuming N, = Nj, the
electron density in the range of 1.4 t0 2.9 x 10*' m™ (11 <npu< 10) is estimated.
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FIGURE 2. Spectra recording of some hydrogen Balmer lines at a axis
of the U shaped DC argon arc at atmospheric pressure with current of 8 A

3.2. Hydrogen Balmer Beta Line

Since the beginning of the sixties, the most frequently used techniques for N,
determination is based on the half-width and shape of the hydrogen Balmer beta ( Hp
= 486.13 nm) spectral line. On the basis of a numerous tests we proposed [5] use of
approximate formula between N, and line Stark width Wy determined by Wiese [11],

1.49
N, [m~] = 10%- ( Ws j (2a)

4.7333

with Wi previously determined from Keleher approximate deconvolution formula [12]
1

14
we - wi - |

0.5
Wp = [wg +W,2J

T 305
-7 9
Wy = 3.58:1077 2 [VJ (2b)

where, W, is the measured Hg HWHM, while W; and Wp are the instrumental and
Doppler broadening HWHM (all in 0.1 nm units), T, — gas temperature and M is the
ion mass.

After analysis of a numerous programs for N, determination from the fitting of
whole profiles, a new one is made [13]. This program enables use of: area or intensity



normalization and excluding a different parts of experimental profiles during
comparison with one of three theories. Other manipulation of input data such as
smoothing, shift, export etc. and graphic presentation were enabled in Windows
version, which main screen was shown in Figure 3a. Program was tested with most
accurate experiments with independatly determined N. in range of two order of
magnitude and some of the obtained data are shown in Figure 3 and summarized in

Table 1.
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FIGURE 3. a) Illustration of windows main screen of “Hbeta” program
b) Example of comparison of experimental and theoretical data, se Table 1.

TABLE 1. Experimental conditions and results of comparison.

Figure 3a 3b
Reference [14] [11]
Reduced mass p 1.3 0.5
Electron temperature [K] 13500 13400
Ton temperature[K] 8100 13400
Instrumental FWHM[nm] 0 unknown 0.03
Experimental N [m™~] 8.3 E+20 8.3 E+22
Approximate N, Eqs.(2) [m™] 8.01 E+20 7.85 E+22
VCS FIT N, [m”] 8.77 E+20 8.17 E+22
MMM FIT N, [m?] 7.66 E+22
CS FIT N, [m?] 7.98 E+20 7.41 E+22

3.3. Higher Members of Hydrogen Balmer Series

The electron density can be detrmined from the line profiles of higher members of
spectral series. It is already known that these lines are for the same N, broader than Hg
and influence of the other broadening mechanism smaller. The use of line wings of
these lines [15] is troublesome due to the existance of neithboroug atom or molecular
lines. Therefore, another method for N, determination that requires, for example,
comparisons of theoretical and experimental half width only would be more
appropriate. To achieve this goal, Bengston et all. [16] used impact approximation for

RESIDUE



electrons and quasistatic approximation for ions to calculate hydrogen H¢ — Hj;
Balmer lines Stark widths. With theoretical data of line full halfwidth, summarized in
Table 2, N, from the lines presented in Figure 2, is evaluated using formula (3)[16]:

TABLE 2. Data [16] and results [10] for several Balmer lines measured in U shaped Ar arc (see Fig.1):
ou," —normalized line width, Wy, — measured FWHM and W, —contribution of Gausian part.

Transition — ay,"  Wn = W, N
[13]  [om] [%] [m”] A 372
6-2 0150 0735 56 271x10° N [m~>] =8.0x 10'® wiA] (3)
7-2 0.184 086 4.7 2.56x10* e ’ n
8-2 0283 130 3.1  249x10* a2
9-2 0345 156 25 243x10%

10-2 0458 230 1.7  2.84x10*

With the instrumental FWHM of 0.03 nm, and assuming gas temperature Ty = Texc,
(where electron excitation temperature Tee = 9000 K is determined from the
Boltzmann plot of Ar I spectral lines), the Gaussian w, part of line profiles is
estimated, see Table 1. The comparison of the Gaussian part with the total line width
shows that it may be neglected. The comparison of the N, = 2.54 x 10*' m’
determined from the Hg profile in Fig.1. and values 1.4 to 2.9 x 10 m? (11 <npa<
10) estimated by Eq.la, with those in Table 2 shows that widths of the Hg - Hjo lines

can be used with a reasonable accuracy + 12 - 15% for N, diagnostics.
The interference with molecular bands causes the main difficulty for
application of these lines, see
) example in Figure 4 . Besides
a facts that the end - on recorded
spectral line shapes of helium
lines and Balmer lines are
B distorted due to superposition of
line profiles emitted from layers
with different plasma
parameters, the determined
electron densities from Hg: N, =
3.1; Hs: N. =3.9; He I 447.1:
3900 4000 4100 agso 4860 480 N, = 3.1; and Hel 492.2 nm (see
Realtive wavelength [ 0.1 nm] Flg Sb) Ne =34x 1020 m‘3 are

in a good agreement.

He |

Relative intensity
=
1

FIGURE 4. Spectra recordings from open capillary MIP at
atmospheric pressure; Power input 100 W and flow rate of He 0.7 I/min

3.4. Helium lines with Forbidden Component

In the case of helium plasmas, electron density can be determined by using the
shape of some visible He I lines with forbidden components. The complex structures
of these lines are extensively studied both theoretically and experimentally.The
inclusion of ion dynamic effects in theoretical descriptions of helium lines with



forbidden components greatly improves agreement with experimental results.
However, the discrepancy of predicted forbidden line intensity with the experiment
[17] still remains for all three theoretical approaches. This is a main reason why
experimentally determined formulas relating N, with the parameters of helium lines
with forbidden component such as F/A - forbidden (F) to allowed (A) line maximum
intensity, D/A - deep (D) i.e. minimum intensity between forbidden and allowed line
and A line intensity) and S - wavelength separation between F and A determined by
Czernichowski and Chapelle [18] are mainly used. Due to the fact that parameter S is
not sensitive to distortion of the strong allowed line due to the possible presence of a
self-absorption effect, the following relation was used in this work

log Ne [m™] = 23.056 + 1.586 log (s[nm] — 0.156) + 0.225 [log (s - 0.156)]? 5)
where 0.156 nm in Eq.(6) is the separation between unperturbed F and A line.

This procedure can be applied for low N, determination, but for more precise F and
s determination, with a different amplification when recording forbidden or allow
component must be used, see Fig.5a. It should be pointed out that great care must be
also taken when using He I lines with forbidden components for the determination of
N, lower than few times 10'* [cm™ ]. At these densities, the low intensity of the
forbidden component (less than few percents of the allowed one), may be masked by
noise or in presence of nitrogen by molecular lines from 6-8 and 8-10 bands of the
first negative system of N,".
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FIGURE 5. a) Illustration of line shape recording with different amplification of the signal. Line
emitted from the center of the Mini MIP at height Imm from the torch orriface. The flow rate of He was
0.6 I/min, and He+ 3% H, 0.2 I/min through the outer and inner capillary. b) Same as in Fig.4.

3.5. Intensity of the N, and N, Molecular Band Heads

According to [19-21], the electron density in nitrogen and nitrogen/He plasmas
can be determined from the intensity of N, second positive system (SPS) band head
(0-0) at 337.1 nm (C °IT,» B* I1,) and N, first negative system (FNS) band head of
(0-0) at 391.4 nm (B’Z,” — X°%,").

Namely, by using the simplified kinetic model of the N, (C’IT,) state, see e.g.
[20] and assuming that the steady-state population of the upper energy state is equal



zero, a linear relation between the 337.1 nm band intensity and the electron density at
constant pressure and constant electric field may be obtained. This relation is
confirmed with 5% accuracy in a volumetric near field microwave plasma [21].

A similar discussion can be applied to the band head of FNSystem of nitrogen
ion [20]. Due to an additional excitation process for the upper level population, the
intensity of the 391.4 nm line has quadratic dependence upon electron density, i.e.
[391.4nm) ~ Ny ~ A Ne2 + B N, where N, is the population of the BZZu+ state, while A
and B are constants, which must be independently determined. According to the
authors [19], this method can be applied even in plasmas with non-Maxwellian
electron energy distribution.

The band head intensity method is tested in MIP at atmospheric pressure with
power input of 100 W and at constant He flow rate of 0.7 l/min. The radial
distributions of the band head intensities and hydrogen Balmer beta line shapes — Hp
are obtained by Abel inversion procedure from lateral side-on recordings. From the
determined Hp line shapes electron densities are calculated using approximate
experimental formula, see Eq.2. Finally, dependence of the molecular nitrogen band
head intensities versus log N, for different values of radius are presented in Figure 6.
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FIGURE 6. a) Radial dependence of the molecular nitrogen band head intensities and Ne and

b) dependence of the band head intensities versus log Ne for different values of radius,
in MIP at atmospheric pressure; Power input 100 W and flow rate of He 0.7 I/min

It is evident that the application of this method for N. determination requires
further elaboration and experimental verifications in different plasma sources and gas
mixtures. It should be noticed that the calibration of log N, band intensity vs. log N.
determined using another independent diagnostic technique enables slope parameter
determination. The extrapolation of intensity vs. N. plot may be used for lower N,
plasma diagnostics.

4. CONCLUSIONS

The use of the Balmer beta line is still a best method till the low electron
densities, when the influence of other broadening mechanism and fine structure
splitting became important. In that case other analyzed methods can be favorable.



The techniques based on line series merging is still attractive especially at very low
densities, but in cases when interfering lines are weak or absent.

The use of Stark FWHM of higher members of Balmer series is simple and
successfully applied even in diagnostics of tokamak plasmas [22], but is always
accompanied with relatively large uncertainty of a," parameter; see Table lin [16].
In order to increase accuracy of the use of higher members of Balmer series numerical
procedure for electron density determination by fitting whole experimental profiles of
hydrogen Balmer series with theoretical ones is under development.

The helium lines with forbidden components can be used in a very broad range of
electron densities and even at lower than 10" cm™. However, for lower electron
density diagnostics the more complicated procedure must be used and further
theoretical studies will be welcomed.

It should be stressed out that the molecular nitrogen band heads intensities offer a
greatest possibility for diagnostics of very lower densities, but both theoretical and
experimental studies in different plasma conditions are needed.
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ON THE APPLICATION OF OPTICAL EMISSION SPECTROSCOPY
FOR LOW ELECTRON DENSITY PLASMA DIAGNOSTICS
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?Institute of Physics, University of Belgrade, P.O.Box 68, 11080 Belgrade, Serbia
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1. INTRODUCTION

Since the electron number density, N, is related directly or indirectly to most of plasma
components and processes, N.. is one of the most important parameters required for plasma
characterization and for testing of plasma modeling. This is why numerous diagnostic techniques
for plasma N measurement were developed. Apart from microwave interferometry [1], infrared and
visible interferometry was considerably improved after the discovery of lasers, see e.g. [2].
Diagnostic technique based on Thomson scattering of laser radiation on free plasma electrons is
frequently and efficiently used for N, diagnostics as well, see e.g. [3]. Parallel with the development
of new or improved microwave and laser interferometry techniques for the same purpose Optical
Emission Spectroscopy (OES) techniques were improved permanently for the last fifty years, see
e.g. [4]. The main reason for the interest for OES techniques: no plasma perturbation, high spatial
resolution, requires relatively simple low cost equipment easy to set up outdoors and usually
available in laboratory and finally the OES technique may be applied to study distant plasmas like
e.g. in astrophysics.

2. SHORT DESCRIPTION OF THE LECTURE

Since the requirements for N, diagnostics in the field of plasma chemistry are mainly in
relatively low electron density region, Ne < 10™ cm™, we focus our report to the developments OES
diagnostics for these plasma densities. Apart from several examples of OES techniques based on
the measurement of spectral line intensities most of this report is devoted to the application of
hydrogen line shapes suitable for low N, diagnostics. Since the shapes of non-hydrogenic lines due
to the quadratic Stark effect are useful for plasma diagnostics for Ne > 10*°cm™, see e.g. [5, 6] we
concentrate here to hydrogen lines with linear Stark effect, which are sensitive enough to be used
for diagnostics of low electron densities.

For correct application of the OES diagnostic techniques numerous precautions have to be
carried out. These are primarily related to the estimation of other broadening mechanisms,
deconvolution procedure, self -absorption effect etc. The estimation of all these interference effects
with measured line profile and correction for their influence is of crucial importance for correct
application of OES technique. Therefore, the procedure of treating experimental profile to separate
Stark broadening from other broadening mechanisms will be discussed in some detail. Here, we
shall draw attention to newly applied technique for detection of self-absorption in pulsed water
discharge used recently in the study of Plasma Electrolytic Oxidation (PEO) of tantalum and
aluminum [7, 8].

This will be followed by an overview of recent work on low N, diagnostics using partial
local thermal equilibrium criterion [9] and line Stark widths along spectral series [10,11]. Special
attention will be focused on the application of the first three Balmer lines for N, diagnostics. The
use of the H, and the Hg experimental line profiles in conjunction with theoretical profiles and
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various approximate formulas will be analyzed and discussed. This is in particular related to
applications at Ne < 10™ cm™ since fine structure splitting of hydrogen lines is not taken into
account and, therefore, none of the theoretical calculations may be applied with confidence for so
low electron densities. The validity of various approximations used to extend the application of
theoretical data for the H, and the H; line below Ne ~ 10" cm™ will be discussed.
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Dear Dr. Ivkovic,
You recently completed a review for JOURNAL OF QUANTITATIVE SPECTROSCOPY & RADIATIVE TRANSFER.

We are keen to receive your feedback regarding your experiences. Your responses will be used to help improve the services currently offered to you, and will not be passed onto any third parties or used for
marketing purposes. It will take approximately 10-12 minutes to complete this survey.

The aim of the research is to understand how satisfied you are with the relationship and service provided by JOURNAL OF QUANTITATIVE SPECTROSCOPY & RADIATIVE TRANSFER and its online review platform.
To start the survey, please click ONCE on the link below:
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If you have any questions about this survey, please email us at surveys@elsevier.com

Please note that all responses are confidential. No individuals will be named as a result of the survey. You will not be contacted as a result of your responses to this survey.
Thank you for your feedback. It is very valuable to us.

Louise Hall
Research and Academic Relations
Elsevier

This email has been sent to ivke@ipb.ac.rs from Elsevier Ltd., The Boulevard, Langford Lane, Kidlington, Oxford, OX5 1GB, registered in England with registration number 1982084.
You are receiving this email because you have reviewed for JOURNAL OF QUANTITATIVE SPECTROSCOPY & RADIATIVE TRANSFER
If you do not wish to receive reviewer feedback surveys from the Elsevier Market Research Department in the future, please click here.

Elsevier respects your privacy and does not disclose, rent or sell your personal information to any non-affiliated third parties without consent, except as may be stated in the Elsevier Privacy Policy
(http://www.elsevier.com/wps/find/privacypolicy.cws home/privacypolicy).
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Subject TPS4986 - Review Submitted Successfully
From gilmore@ece.unm.edud
To ivke@ipb.ac.rs L
Date 24 Jun 2011 15:03

24-Jun-2011

Dear Dr. Ivkovic:

Thank you for reviewing manuscript # TPS4986 entitled "A Minimally Destructive Multi-element Sensing Technique for Metal Alloys by Laser-induced Breakdown Spectroscopy" for the IEEE
Transactions on Plasma Science.

On behalf of the Editors of the IEEE Transactions on Plasma Science, we appreciate the voluntary contribution that each reviewer gives to the Journal. We thank you for your participation in
the online review process and hope that we may call upon you again to review future manuscripts.

Sincerely,
Prof. Mark Gilmore
Editor, IEEE Transactions on Plasma Science
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HHCTUTYT 3a pu3KKy, YHuBepauteT y beorpany
[Iperpesuna 118, 11080 beorpan

Jlp Munusoje Uskosuh
Buiuy Hayunu capaaHux
HucTuTyt 3a duszuky, YHusepsuter y beorpaay
Itperpesuua 118, 11080 beorpan

Hpeamer: {loTBpa 0 KOPYKOBOREHY TEMOM Y OKBHPY HaY4HOMCTPAXKHBAUKOL
npojekta MuHucTapcTBa (pocBeTe, Hayke M TexHonowkor pazoja OW 141032 —
"Huckomemnepamypua naaimMa u npaxcreerwwa: Paoujayuona ceojcmea u
unmepaxkyuja ca nospuiunama’.

lMotephyjem aa je ap Munusoje HskoBuh, BHIIM HAYYHM capajHHMK, 3a00CAEH Y
UnctuTyTy 3 adusnky Yuupepsurera y beorpaay, y npojexktnom wuxnycy 2006 — 2010,
FOIMHE KOPYKOBOAHO TeMOM: "'Crexmpanie nunuje 6000HuKG U Xenujymose nunuje ca
3a0parenum  Komnowemama 3a owjacnocmuxy naasme'’, 'y OKBHpY HaydHoO
UCTPAXKMBAUKOT TIPOJEKTa OCHOBHHX MCTpPaXKHBarba "Hucxomemnepamypna nrazma U

npasxcreerva: Padujayuona ceojcmea u unmeparyuja ca nospuwiunama', eBUASHUWMOHH
opoj OM141036.

Ilpojekar "Hucxomemnepamypuna nnasma u npadicreerwa: Padwjayuona ceojcmea u
uHmepakyuja ca nospuwiunava’’ NpeaMeT je YroBopa 0 pealH3auHjH H PHHAHCHPARY
HAYYHOHCTPAXKHBAYKOr NPOjEKTa H OAPXKABALA HAYYHOHCTPAKHBAYKE ONpeMe H
MPOCTOPa 32 HAYYHOHCTPAXKHBAYKH Paj, 3a LMKAYC HCTpaxuBama y nepuoay 2006 -
2010.

Beorpag, 25.11.2015. Pykoponunar npojexra

///M///’

Hp Hmcona Komeauh
Hpodecop emeputyc
Du3nukor dakynrera Ynusepsurtera y beorpany
v peaoBHH unad Cpncke Axkagemuje Hayka n ¥YMernoctn




Hucturyr 3a Grsvky, YHHBep3HTeT ¥y beorpany
TIperpesuma 118, 11080 beorpan

Jp Munusoje FiBkosuh
Buna Hay4HM capajHUK
HuctutyT 3a busuky, YauBep3uteT y beorpany
IMperpepuma 118, 11080 beorpan

Ipeamer: TTorepaa 0 KOPYKOBOGEHY TEMOM y OKBHMPY HayYHOMCTPKHBAYKOL
npojekta MHHHCTApCTBAa NPOCBETe, HayKe M TexHonomkor passoja OW 171014 —
“Cnexmpockoncka OUiazHOCHUKA HUCKOMeMNepamypHe WIasme U 2ACHUX NPadCrberba:
06Uy CREKMPATHUX TUHUJA U UHMEPAKYU]a CA NOEPUUHAMA” .

IMotephyjeM ma je ap Munmeoje VBkoBuh, BHIIM HAYYHHM CAPAJHHK, 3aIOCICH ¥
MnacTutyTy 3a Qusuky Yuusepsureta y Beorpany, y npojexraom mukmycy 2011 —2015.
FOJIAHE KOPYKOBOAHO TeMoM: ''Crexmpanne nunuje 6000HUKA u Xenujymose JuHuje ca
3abpareenum  KOMNOHeHmaMma 3a Oujaznocmuky niazme'’, 'y OKBHPY HAy4HO
MCTPaKMBAYKOT TPOjeKTa OCHOBHHUX HUCTpakKuBama “Chexmpocroncra dujaznocmura
HUCKOMEMNepamypHe RAG3Me U 2ACHUX RPAJICHersd: O0IUYY CREKMPAIHUX Jmnuja u
unmeparyuja ca nospuwunama’”, eBueHIorn 6poj OM171032.

Ipojexar “Crexmpockoncka OUjaZHOCIMUKQ HUCKOMEMRNepamypHe nidsme u 2ACHUX
APadiCIbersa: 0ONUYY CREXMPATHUX TUHUJA U UHMEPAKYuja ca nogpuiunava’ TPEIMET je
VroBopa ¢ peanm3anHju H (HHAHCHPaY HAYYHOMCTPAKHBAYKOI NPOjeKTa H
Oip:KABa-a HAYYHOHCTPAKHBAYKE ONpPEME H MPOCTOPA 32 HAYUHOMCTPAKHUBAUKH
pai, 3a MHKITyC HCTpaxuBama y nepuoxy 2011 —2015.

Beorpan, 25.11.2015. PykoBonuian npojexTa

Hp CQ)/Za Josuheruh

Hay4xu caBeTHUK
Hucruryr 3a pusuky, Yuusepsurer y beorpany



MpupoaHo-MaTeMaTUYKK GaKynTeT
YHusep3utet y Hosom Cany

Tpr JocnTeja O6pagosuha 3, 21000 Hoswn Cag, Cpbuja
Ten 021.455.630 ¢akc021.455.662 e-mail dekan@pmf.uns.acrs  web www.pmf.uns.ac.rs
MWB 101635863 MB 08104620

—
N
=
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Bpoj: 0603-539/
Jatym: 13.11.2015.

MOTBPJAA

Kojom ce motrBpbyje ox ctpaHe [IpuposHo-MaTeMaTu4ykor ¢akyarera y HoBom
Cagy ma je MP TEOAOPA TAJO, pana 10. jyna 2015. roguHe mnpujaBuia TeMy JOKTOPCKe
aucepTanuje moj HaciaoBoMm: “IlomMepaj cHeKTpaJHMX JIMHMja XeJdjymMa y TIyCTOj
HUCKOTeMIIepaTypCcKoj mIasmMu”.

HactraBHo-Hay4yHO Behe dakysiTeTa NPUXBAaTUJIO je TeMy Ha BaHPEAHOj CeQHULHU

oapxaHoj 08. centem6pa 2015. rogune.

Ha 1. ceguunu ox 22. oktobopa 2015, CeHaT YHUBe3UTeTa Jao je carJacHoOCT 3a
nogo6HocT Teme “IloMepaj cneKTpaJHUX JIMHUja XeJUjyMa y IyCTOj HUCKOTEMIIEPATYpPCKOj
maasmu”’, kauauzara Mp Teozope lajo u MeHTOpa Ap MuiauBoja MBkoBuha, BHULIer Hay4HOT

capajguuka MucTutyTa 3a pusuky y Beorpagy.

Illed ozcexa 360/5[‘6 U cTyAeHTéKe ocioBe.

?{A SO
Tamapa 3 pnhf/vﬁq‘ﬁg;ﬁpaﬁi{mg




PEMYBINIUWUKA CREIKJIA
VHUBEP3UTET ¥ BEOI Py

ENEKTPOTEXHMYKMN QAKVITET

Epoj_/L’f_q‘_?_
YIOBOP O JEJIY _-14 QEP 2015 20___rop.

KLY UNIN €Y EEOTPARL

1. Yaugepsurer y Beorpany-EaeRTpoTexHutKH daxyarer, beorpax. bynesap
Kkpasba AJexcanpa Op.73. KOra 3acTyna aekan npo.ap Bpanko Kosauesuh (y nabem
texety: HAPYUMIIALL), n .

2. Jlp Muausoje (Paancae) Hekopuh, 3anocieda na MuctutyTy 3a QusHKy
3emyn - beorpaa, u3 beorpasa. yi. Mopasuuka 9. Onmrrisa Boxiosall, IMBI™:
2211956710136, 6p.pauyHa: 200-2876027-91 . orsoper Ko [lowTancke WTeHoHnLE
a.71. beorpan, (¥ na/bem TEKCTY: [NOCJIEHHK).

Unan 1.
TpenmeT yropopa je:
1. Vuemfie y H3paan 3aBpuiHor paja (MarucTapek, MacTep. JOKTOPCKH) H TO:
a) pykosoherbe H3paaom pana — MEHTOPCTBO,
6) yuewhe y KOMHUCH]H 32 NPUXBATAILE TEME,
1) NUcae H3BEINTaja 3a NPUXBATALE TEME,
1) yuewihie y Komucuju 3a nperiei v oueHy paia,
e) nkcarbe M3BeIITaja 0 NPEraeay U OLUCHH pajd,
¢) yuewhe y Komucujn 3a yemeHy 046pany paja
wananaata Ane [Iparojaosuh.

Yaan 2.
Mocaenyk fie AKTHBHOCTH M3 unana | Koje fipeaCTaAB/ba]Y NPEAMET YroBopa
oGasuTi v TOKy wkoacke 2014/2015. ronnne.

Yaan 3.
[MocAeHMK MMa MPABO 3a HANOKHALY 32 H3BPUIEHH pail 1o OBOM YTOBOPY IpeMa
[paBuaHiKy O paiy. 4 Ha OCHOBY OBEPEHOT ¥3BELITAjA NPOJeKana 3a HacTaBy.

Yaan 4.
YroBop ¢TYNa Ha CHAry AaHoOM 3aKkiby'HBabA.

Uaan 5.
YrosopHe crpane fie cBe eseHTyanHe Cnopose peasath cropasymMHo, a YKOIHKO
1o Huje moryhe Hannexan je [Tpsy OCHOBHM CYAL Y bBeorpany.

Yaan 6.
Osaj Yrosop je caumibeH y 3 (TpH) nCTOBETHA npuMepka 01 Kojux 2 (aBa)
saapikasa Hapyunall a jenan lMocneHuk.

" HAPYYUWJIAIL MOCJEHHUK

|




Univerzitet u Beogradu

Fakultet za fizicku hemiju

Ispitivanje laserom indukovane plazme u atmosferi argona

Diplomski rad

Student Mentor
Milica Vinié Miroslav Kuzmanovic

Beograd, jul 2012.



Milica Vini¢ Ispitivanje laserom indukovane plazme u atmosferi argona

Ovaj rad je realizovan u laboratoriji za spektroskopiju plazme i fiziku lasera u Institutu za
fiziku u Zemunu. Rukovodilac rada bio je dr Milivoje Ivkovié¢, naucni saradnik Instituta za
fiziku.

Ovom prilikom zelim da se zahvalim mentoru ovog rada, dr Miroslavu Kuzmanovicu,
koji je omogucio izbor Zeljene teme.

Veliku zahvalnost zelim izraziti dr Milivoju Ivkovic¢u na ulozenom trudu, radu i vremenu,
nesebi¢noj pomodi i moralnoj podrsci ¢ime je omogucio uspesnu izradu ovog rada.

Svoju zahvalnost dugujem i Stanku Milanovicu, viSem tehnickom saradniku, na pomoci
pri postavci eksperimenta. Njegovo angazovanje je bilo dragoceno prilikom rada sa visokim
naponom.



Univerzitet u Beogradu
Fakultet za fizicku hemiju

Mogucnosti primene spektroskopije laserom indukovanog proboja,
za analizu zemljiSta

Master rad
Mentori:
Student: Milivoje Ivkovié
Milica Vinié Miroslav Kuzmanovié

Beograd, jul 2013.



Ovaj rad je realizovan u Laboratoriji za spektroskopiju plazme 1 lasere Instituta za fiziku
u Zemunu pod rukovodstvom dr Milivoja Ivkovica, viSeg nau¢nog saradnika Instituta za fiziku.

Ovom prilikom zelim da se zahvalim mentoru rada, dr Miroslavu Kuzmanovicu, koji je
omogucio izbor zeljene teme i1 znatno doprineo kvalitetu ovog master rada.

Veliku zahvalnost Zelim izraziti dr Milivoju Ivkoviéu na uloZzenom trudu, radu i vremenu,
nesebi¢noj pomodi i moralnoj podrsci ¢ime je omogucio uspesnu izradu ovog rada.

Svoju zahvalnost dugujem i1 Stanku Milanovicu, visem tehni¢kom saradniku, na pomo¢i
pri postavci eksperimenta. Njegovo angazovanje je bilo dragoceno prilikom rada sa visokim
naponom.

Takode, zelim da se zahvalim dr Miroslavu Kuzmanoviéu i dr Jeleni Savovi¢ na
uzorcima razli¢itih zemljiSta i omogucavanju njihove analize na ISP-OES u Laboratoriji za

fizicku hemiju Instituta za nuklearne nauke u Vin¢i.



ZAPISNIK
sa X sednice Nauc¢no-nastavnog veéa odrzane u sredu 20. juna 2007. godine

Sednici prisustvuje 47 ¢lanova Nau¢no-nastavnog veca.

Sluzbeno odsutni: prof. dr Goran Skoro

doc. dr Edib Dobardzié

doc. dr Vladimir Milosavljevi¢
doc. dr Ivan Videnovié¢

dr Dusan Popovié

mr Bozidar Nikoli¢

Opravdano odsutni: prof. dr Mladjen Curi¢

prof. dr Snezana Drndarevié¢
prof. dr Dragomir Krpi¢
doc. dr Milorad Kuraica
doc. dr Zoran Nikoli¢

Neopravdano odsutni: prof. dr Dragoljub Beli¢

prof. dr Stevan Djenize
prof. dr Milan Knezevi¢
prof. dr Natasa Nedeljkovic¢
prof. dr Jovan Puzovié¢

doc. dr Zoran Borjan

dr Vladimir Miljkovié¢

dr Bratislav Obradovié

mr Sava Galija$

mr Dragan Redzi¢

Dekan Fakulteta prof. dr Ljubisa Zekovi¢ otvorio je sednicu u 11:20 casova i

predloZzio sledeci

o -

Dnevni red

Usvajanje Zapisnika sa IX sednice Nau¢no-nastavnog veca.
Usvajanje Izvestaja Komisije za ocenu ispunjenosti uslova i opravdanost predlozene teme za
izradu doktorske disertacije i odredjivanje mentora za:

a) mr VLADIMIRA JOVANOVICA, diplomiranog fiziara, koji je prijavio doktorsku
disertaciju pod nazivom: «PROUCAVANIJE ELEKTRONSKOG TRANSPORTA U
SUPERPROVODNIM FILMOVIMA SA VISOKOM KRITICNOM
TEMPERATUROM U FUNKCIII DOPIRANJA»

Odredjivanje Komisije za pregled i ocenu doktorske disertacije za:

a) mr DJORDJA STRATIMIROVICA, diplomiranog fizi¢ara, koji je predao doktorsku
disertaciju pod nazivom: «PRIMENA VEJVLET TRANSFORMACIJA PRI
STATISTICKOJ ANALIZI VREMENSKIH SERIJA STIMULISANE DINAMIKE
FUZIMOTORNIH NEURONA»

b) mr MIHAJLA RABASOVICA, diplomiranog fizi¢ara, koji je predao doktorsku
disertaciju pod nazivom: «KODREDIVANIJE PROSTORNOG PROFILA LASERSKOG
ZRACENJA IMPULSNOM FOTOAKUSTIKOM U GASNIM SMESAMA»

Usvajanje Izvestaja Komisije za pregled i ocenu doktorske disertacije i odredjivanje Komisije za
odbranu disertacije za:



16. juni 2007. godine

a) mr BOZIDARA NIKOLICA, diplomiranog fizi¢ara, koji je predao doktorsku
disertaciju pod nazivom: «cRAMANOVO RASEJANJE NA JEDNOSLOJNIM
UGLJENICNIM NANOTUBAMA»

Komisija: prof. dr Milan Damnjanovic¢
prof. dr Ivanka Milosevic
dr Radmila Kostic¢

5. tacka

Usvojena je prijavljena tema za izradu magistarske teze i odredjen mentor za:

a) IVANA KORALTA, diplomiranog fizicara, koji je prijavio magistarsku tezu
pod nazivom: «ISTRAZIVANJE OBLIKA BALMEROVIH LINIJA
VODONIKA U PLAZMI PRI NISKIM ELEKTRONSKIM
KONCENTRACIJAMA»

Mentori: dr Milivoje Ivkovié
prof. dr Nikola Konjevi¢

b) DEJANA DOKICA, diplomiranog fizi¢ara, koji je prijavio magistarsku tezu
pod nazivom: «UTICAJ SPINSKIH KORELACIJA NA INFRACRVENU
AKTIVNU OPTICKU MODU ANTIFEROMAGNETA a-MnSe»

Mentor: prof. dr Zoran Popovi¢

6. tacka

Odredjena je Komisija za pregled 1 ocenu magistarske teze za:

a) NENADA VRANIJESA, diplomiranog fizi¢ara, koji je predao magistarsku
tezu pod nazivom: «<MOGUCNOSTI ATLAS DETEKTORA ZA MERENJE
PRODUKCIJE PAROVA W BOZONA NA VELIKOM HADRONSKOM

KOLAJDERU»
Komisija: dr Ljiljana Simi¢
prof. dr Dragomir Krpié¢
prof- dr Ivan Anicin

b) OLJU DORDIC, diplomiranog fiziara, koja je predala magistarsku tezu pod
nazivom: «kDVOCESTICNE AZIMUTALNE KORELACIJE I TOK
PROTONA I PIONA U C+Ta SUDARIMA NA ENERGIJI 4.2A GeV»

Komisija: dr Ljiljana Simi¢
prof- dr Dragomir Krpié
prof. dr Ivan Anicin

c) ALEKSANDRA KRMPOTA, diplomiranog fizi¢ara, koji je predao
magistarsku tezu pod nazivom: «kELEKTROMAGNETNO INDUKOVANA
TRANSPARENCIJA I APSORPCIJA PRILIKOM INTERAKCIJE
DVOHROMATSKOG KOHERENTNOG ZRACENJA SA ATOMIMA
RUBIDIJUMA»



Course No.3

Course Name: Gas laser technology

Prof. Dr. Milivoje Ivkovic

L. No Lecture title Duration Date
Time
1 Lecture 1 Fundamentals of the gas discharges types and|2 hours  [15.06.2009.
corresponding gas lasers
2 Lecture 2 Problems in gas laser production 4 hours  116.06.2009.
3 Lecture 3 He-Ne lasers 2 hours  |17.06.2009.
4 Lecture 4 Noble gas ion lasers: Ar. Kr 2hours  |18.06.2009.
5 Lecture 5 Metal vapor lasers: Cd, Se, Au, Cu. 2hours 119.06.2009.
Day off
Day off
6 Lecture 6 CO2 and CO lasers 4 hours  [22.06.2009.
7 Lecture 7 High power CO2 lasers. 2hours 123.06.2009.
8 Lecture 8 Pulsed lasers 4 hours  |24.06.2009.
9 Lecture 9 Gas dynamic lasers. Chemical lasers 2 hours 125.06.2009.
10 Lecture 10 Beam manipulation 2 hours  |26.06.2009.
Notes

All lectures start at 10 am,

Duration of each lecture is either 2 school hours (90 min) or 4 school hours (180 min).




Syllabus for the gas laser technology

The course Gas laser technology is multidiscipline course on fundamental principles,
maintains and construction problems of various gas lasers. Within this course students will learn
fundamental physical principles of: creation of inverse population for each gas laser type, Gas
discharge physics, laser tube construction i.e. components, material selection, problems...power
supply design and output beam characteristics and application.

Lecture 1. Fundamentals of the gas discharges types and corresponding gas lasers

Lecture covers: description of differences between solid state and gas lasers and fundamentals of
different gas discharges (glow, hollow cathode, arcs, RF, pulsed...) and their corresponding type
or category according to: gas flow conditions (sealed, slow flow, fast flow and gas dynamic
lasers), gas pressure (low and high pressure lasers) and excitation conditions (CW and pulsed
lasers).

Lecture 2. Problems in gas laser production

Lecture covers detailed description and solution of common problems of all gas lasers such as:
material selection, vacuum (sealing), gas handling (decomposition), and power
supplies...Solution of problems will de demonstrated during additional practical hours.

Lecture 3. He-Ne lasers

Lecture covers fundamentals of glow discharge physics: voltage and electric field distribution,
cathode dark space, Faraday dark space, negative glow, positive column. Laser tube
construction, components (electrodes, mirrors, getter...). Pressure and gas mixture ratio
determination, line selection, principles of power supply construction and current optimization
will be analyzed also.

Lecture 4. Noble gas ion lasers: Ar. Kr

Lecture covers fundamentals of creation of inverse population in ion lasers and basic physics of
arc discharge: Principles of laser tube construction including hot cathode i.e. thermo ionic
emission physics, role of magnets, gas return path... Analysis of line selection, current and light
stabilization and maintains problems (tube degradation, refilling) are also included.

Lecture 5. Metal vapor lasers: Cd, Se, Au, Cu.

Lecture covers fundamentals of creation of inverse population in metal vapor lasers and basic
physics of hollow cathode discharge. Details of laser construction



Lecture 6. CO2 and CO lasers

Lecture covers fundamentals of creation of inverse population in molecular gas lasers and basic
physics of positive column of the glow discharge and RF discharges. Various types of CO2
lasers will be analyzed and some of them demonstrated during practical hours.

Lecture 7. High power CO2 lasers

Lecture covers fundamentals of power scaling, cooling problems and construction principles of
different high power CO2 lasers (slow and fast flow, longitudinal and transversal, slab and
annular) types.

Lecture 8. Pulsed lasers

Lecture covers fundamentals of pulse laser construction and physics of inverse population
creation in nitrogen and excimer lasers. Different pulsed plasma sources, solutions for discharge
preionization and different switching devices as well as electrode construction will be
demonstrated during additional practical part of course.

Lecture 9. Gas dynamic lasers. Chemical lasers

Lecture covers fundamentals of creation of inverse population gas dynamic and chemical lasers
and basic physics of theirs work.

Lecture 10. Beam manipulation

Lecture covers fundamentals of transversal and longitudinal mode selection and control. Output
beam handling: fibers, waveguides, articulated arms, scanning devices will be analyzed also.
Basic principles of Q-switching, Faraday isolation, harmonic generation... will be presented and
demonstrated during theoretical and additional practical part of course.
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PEMYBIUKA CPBHJA
1SERP3TET ¥ BEOTPALY
UHCTHTYT SA PUBURY
08D Bp. 1322/ MlNlSTERlO DE CIENCIA Y TECNOLOGIA
ol. N, g sec &t'ana de Estado de Politica Cientifica y Tecnologica
& Direccion General de Investigacion

UBJECT: Agreement for participation to the project

The Institute of Physics of the University of Belgrade fully support
the research within the project

"Spectroscopy diagnosis of plasmas at very high and very low density
"Diagnosis espectroscopica en plasmas de muy alta y muy baja densidad”
The project leader and first investigator from the Institute of

Physics side is Prof.Dr.Nikola Konjevic and second and  third
imvestigators are Dr.Sonja Jovicevic and Dr.Milivoje Ivkovic.

Belgrade, October 31" 2006

of Institute of Physics
. Dr. Dragan Popovic

Pregrevica 118. 11080 Zemun-Beograd, http://www.phy.bg.ac.yu
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Institute of Physics National Institute for Lasers, Plasma
. L -
: INSTITUTUL NATIONAL DE
M
PEMYE/MKA gerbia,& Montenegro Emg’!‘ - DZVOLTARE PENTRU -
YHUSEP3-TET Y BEOTPALY FIZICA LASE&D-ORiPLf%SMEI SI RADIATIEI
‘ esire o

o8o! Bp. 190 l%‘ Scientific and Technological Bilateral Agreement
20. 02, 189 ___ron '

in the field of

Advanced laser plasma studies: spectroscopic diagnostics and applications

in thin films deposition and characterizations

Background:

Lasers and plasma spectroscopy laboratory, Institute of Physics
Experience: more than 30 years in plasma spectroscopy and lasers. Critical reviews and
publications in peer review journals. The research is related with fundamental studies and
applications of line shapes for plasma diagnostics. Low-temperature plasma experience.
Hydrogenic and non-hydrogenic line shapes. Optical emission spectroscopy techniques
are studied. Long experience in the field of continuous waves and pulsed discharges
spectroscopy.

“Laser-Surface-Plasma Interactions” Laboratory, a Lasers Department unit, has
more than 35 years of experience in the field of laser generated plasmas, laser-surface
interactions, and materials processing with lasers. In the last 10 years, the activity was
mainly focused on laser interactions (theoretical and experimental), synthesis and
deposition of compound thin films using UV laser sources by Pulsed Laser Deposition
(PLD) in inert or chemically active (reactive PLD) gases.

Our current researches are focused on:
i. biocompatible film deposition,
it. nanostructured films for gas and bio-sensing,
ili.  new thin films for spintronics, and

v, laser transfer of delicate complex molecules of polymers and living cells.



We supply expertise in:

a. pulsed laser deposition and reactive PLD of nanostructured films for new
applications in biology, medicine, nanoelectronics, chemistry, and metallurgy,
b. controlled modifications of surfaces by laser interactions in vacuum and
chemically reactive gases,
c. complex complementary investigations of thin films and multi-structures,
d. monitoring of plasmas with temporal and/or spatial resolution, and
e. theory of laser interaction with solids, gases, liquids, and plasmas.
Objectives:
- 1. generation of plasma under the action of pulsed high-intensity laser sources in
either UV, visible or IR wavelengths range
2. investigation of laser plasmas by OES with temporal and spatial resolution.
Determination of plasma parameters (electron density, temperature,...)
3. deposition of nanostructured coatings by PLA of ceramics, oxides, ferroelectrics,
nitrides, . ..
4. spectroscopic investigation of laser induced breakdown plasmas in front of
solid/liquid targets in the ambiance of various gases
5. investigation of deposited structured by complementary techniques: HREM,
GIXRD, nuclear methods, ...
6. correlation of the experimental evidence obtained by plasma diagnostic with the

overall characteristics of the obtained nanostructures. Improvement and
optimization of deposition regimes in accordance with the best plasma

spectroscopic investigations

Expected results:

L.
2.

Analysis of plasma parameters in both deposition regime and breakdown studies.
Correlation of measured plasma parameters with main films characteristics as
thickness, uniformity, composition and morphology.

Development of theoretical interpretations for description of plasma initiation and

evolution for nanostructured depositions.



Duration of the project: 2006 - 2008

Research teams:

Institute of Physics:

1.

Prof. Dr. Nikola Konjevi¢

2. Dr. Sonja Jovicevi¢
3.
4

Dr.Milivoje Ivkovi¢

Ivan Koralt

NILPRP:

1.

Prof. Ion N. Mihailescu

2. Dr. Viorica Stancalie
3.
4
5

Gabriel Socol

. Felix Sima

. Dr. Carmen Ristoscu

Signatures:

Institute of Physics in Zemun

Project Coordinator,

Prof. Dr. Nikola Konjevi¢

Date and place,

17.02.2006. Belgrade,

National Institute for Lasers, Plasma

and Radiation Physics

Project Coordinator,

Prof. Dr. Ion N. Mihailgscu

Date and place,
Bucharest, 2) 02,2006



NPOI'PAM HAYYHE U TEXHOJIOWKE CAPAIIBE
N3MEDBY PENNYBJIUKE CPBUJE U PEITYBJIMKE ®PAHIYCKE 3A NIEPUOJ 2012-2013.

HNPEIJOI ITPOJEKTA
JATYM ITPUJEMA.: bp:
HA3UB ITPOJEKTA .
HA CPIICKOM UcrpaxknBame mapamerapa LlItapkoBor mupema CIeKTpaTHUX JIMHA]JA
JE3UKY HEOITXO/HHX 32 aHAJIU3y MaTepualia MoMoNy CIIEKTPOCKOITH]E JIACECPCKU
WHAYKOBAHOT Tipo00ja
HA3UB ITPOJEKTA Investigation of Stark broadening parameters of spectral lines necesarry for
HA EHI'JIECKOM material analysis using laser-induced brakedown spectroscopy.
JE3UKY
PYKOBOJIUJIALL ITPOJEKTA PYKOBOIWUJIALL ITPOJEKTA
U3 CPBUJE W3 ®PAHI[YCKE

HUME U ITPE3UME Coma JoBuheBuh Joerg Hermann
AKAJIEMCKO dr dr
3BABE

Hasus Muetnryt 3a pusnuxy, LABORATOIRE LASERS, PLASMAS ET

" Vuusepsuret y beorpany PROCEDES PHOTONIQUES (LP3)
Vincrarymja | ¥Wec? | Iiperpermma 118, 3emyn, CAMPUS DE LUMINY, CASE 917

13288
11080 beorpan Marseille
http://www.Ip3.univ-mrs.fr
0491829280

Temn. +381113161258

dakc *381113162190

E-mail jovicevic@ipb.ac.rs sentis@Ip3.univ-mrs.fr
JATYM ITIOUYETKA

[NTPOJEKTA:




Bpcra capaube |X| YCIOCTaBIbame capa/ime (IIPBH MyT)

|:| Pa3Boj paHUje YCIOCTABILEHE Capalhe

IlocTojame nogaTHUX
HM3BOpPa (PMHAHCHPAKA 32
NpeIJioKeH! MpPojeKaT

|:| JIOonpUHOC yCTaHOBE Y KOjOj j€ 3ar0CieH YIeCHUK

Kopuutheme apyrux momatHux cpeicrasa (Ha3uB HHCTHTYIIH]E)

CAJIP’KAJ ITPOJEKTA O0aBe3HO MOMYHHUTH 10JbE

(kpaTak onmmc NMPoOjeKTHUX

ANVELOM T TRIE SN RV UB S [TpBa (asa y u3pajiu pojeKTa mocBelieHa je IMjarHOCTHIIN JIACEPCKH MPOU3BEICHE
pesyarara, mun. 500, max. IU1a3Me ¥ l€HOM MPOCTOPHOM M BPEMEHCKOM Pa3Bojy. [IpennsHo Mepeme napamerapa
1500 peun) I TapkoBor muperma 3aXTeBajy IM03HABAKbE TEMIIEPAType ITa3Me U CIEKTPOHCKE
rycTuHe y GyHKIUjH IpocTopa U BpeMeHa. Mepemwa he 0utu n3BoheHa Ha Jierypama,
yKJbyuyjyhu Bume enemenara 3a koje napamerpu LltapkoBor mupema Tpeda aa Oyay
N3MEPEHH Kao M Makap je/laH CJICMEHT ca CIIEKTPaTHUM JIMHIjaMa Koje oMoryhasajy
Mepema TeMIIepaType U eIeKTpoHCKe TrycTuHe. Jlacepcka abnaruja he ce H3BOIUTH y
aproHckoj arMochepu Ha cybaTMochepckoM MPUTUCKY YuMe ce oMoryhaBajy mia3Me
ca )KeJbCHUM BapHjalfjama y eJIeKTPOHCKOj IYCTUHH U TeMiparypH. [IpocTopHa u
BPEMEHCKA CIIEKTPOCKOTICKA MEperha M3BOIE Ce IIOMOhyY CIIeKTpOMETpa BHCOKE
pesonyuuje. Kako nacepcku mpousBe/ieHa mia3Ma nMa HWIMHAPHYHY CHMETPH]Y,
JI0OMjeHH MTPOCTOPHO Pa3lioKeHu crekTpu he ce oOpaljuBatn momohy AGenose
HWHBEp3Hje, IMMe ce oOuja ImpaBa paanjaiHa pacIioiesia eMHCH]e CIIEKTPaTHE JINHH]C.
HaxoH mpoCcTOpPHUX M BPEMEHCKHX MEPEHa €BOJYIH]jE SICKTPOHCKE I'YCTHHE U
TeMITepaType Iia3Me, eMUCH]je CIIEKTPATHUX JIMHUja o1adpaHuX mpeia3a he ouTu
ocMatpaHe y Apyrom zeny cryauje. Kao y nperxonHuM MepemruMma, criekTpomerap hie
ce KOPHCTHTH 32 I0OHjarhe CIIEKTPATHHX 00JIMKa y (DYHKHUIIMjU BpEMEHA U IIPOCTOpa.
AbenoBa nHBep3uja cirykuhe 3a nodujame panujaiHe pacrojene emucuje. Konauso,
napameTpu LlTapkoBor muperma Ouhie yTBpheHu 3a pa3uuuTe orncere TeMiepaType u
YHECEHH Ta0elapHO y CIIEKTPOCKOIICKY 0a3y mojaraka kKoja he outu o0jaBibeHa y
oarosapajyhem Hay4unom uyaconucy. [Topex Tora, nodujenu napamerapu LltapkoBor
mmpema Ouhe ynorpebsbeHu 3a mo0obIIaBamke Mpeu3HocTH Mepema y JINBC.

HAYYHA BUOT'PA®UIA O06aBe3HO MONMYHUTH MOJbe
HNCTPAKUBAUYKHUX

T'PYIIA (cprickor u

PykoBoamian npojexra n3 Cpouje (1me u npe3nme, akageMcKo 3Bamb€)
Ap Comwa JopuheBuh (BHIIN HAYYHH CAPATHHUK ),

Capagnunm Ha npojexty n3 Cpouje (MMe u mpe3nMe, aKaeMCKO 3Bahe):
Jp Muausoje BkoBuh (BN HAYYHHU CAPAHUK ),
Mapko Bejuh, (ncpakuBay capaHuK),

PykoBoauian nmpojekra u3 ppanunycke (MMe u mpe3umMe, aKaJeMCKO 3Barbe)
Dr Joerg Hermann

CapaaHuuu HA NPojeKTy U3 paHuycke (MMe U Mpe3uMe, aKaTEeMCKO 3Bame):
Hammami Afef,
CiriSan Mihaela
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BIOPOLNANOTECH Proposal for Support Action

SEVENTH FRAMEWORK
PROGRAMME

Proposal full title: Functional nanostructured biopolymer coatings for
controlled drug delivery and advanced biomimetic

metallic implants

Proposal acronym: BIOPOLNANOTECH

Type of funding scheme: Coordination and support actions (Support)

Work programme topics addressed: FP7-REGPOT-2007-3

Name of the coordinating person: Prof. Dr. lon Mihailescu

List of participants:

Participant no. | Participant organisation name Country

National Institute for Lasers, Plasma and Radiation Physics
1 (Coordinator) | (NILPRP) Romania

Laser-Surface-Plasma Interactions Laboratory

Institute of Physics, Beograd (IPB)
2 Partner Serbia
Plasma Spectroscopy and Lasers laboratory,

3 Partner Foundation for Research and Technology-Hellas (FORTH) Greece
Institute of Electronic Structure and Laser (IESL)

Petru Poni Institute of Macromolecular Chemistry
4. Partner Romania
(PPIMC)




BIOPOLNANOTECH Proposal for Support Action

2.2.2. Participant 2: - PSL - IPB (Serbia)

The Plasma spectroscopy and Lasers (PSL) laboratory of the Institute of
Physics, Belgrade (IPB) has a long tradition (more than 35 years) in producing new
data for the Stark broadening of hydrogenic and non-hydrogenic lines of neutral and
ionized atoms. Theirs possibilities and position in word science are the best
described by the fact that they carried out in conjunction with NIST, USA [30] and
nowadays independently [31,32], the critical evaluation of all available experimental
data in this field. Also, they can supply new experimental and some theoretical
calculations data for different elements and their ions when they are needed for
diagnostics purposes. Theirs overall contribution in this field is about 100 paper in
refereed journals.

The PSL IPB lab is also the most respectable one in Serbia in: OES
diagnostics of different plasmas (especially laser produced one), laser applications
[33], laser interaction with surfaces [34-36], LIBS [37,38], excimer laser PLD of solid
samples [39] and many others. This lab also posses equipment (iCCD cameras,
spectrographs, detectors, tunable lasers...), knowledge and experience for very fine
temporal and spatial resolution measurements of optical signals for OES, absorption
or Laser Induced Fluorescence (LIF) studies.

The staff of this lab is has also a long time experience in design and
production of different plasma sources, then in gas handling, cryogenic and vacuum
techniques, preparation of targets by compressing the different powders in controlled
atmosphere, optics, different measurements and data acquisition techniques of weak
cw or pulsed light signals and many others.

Name Role Contrib. Experiance and expertise
Prof. Dr. Nikola Academician Stark broadening of spectral lines,
Konjevic Laser physics, Optical spectroscopy
Dr Milivoje Ivkovic PI 25% (48) Plasma spectroscopy, Laser material
processing, Laser deposition
Dr. Sonja Jovicevic Researcher 50% Plasma spectroscopy , LIBS, Interaction
of lasers with materials
Ivan Koralt Graduate 75% Stark broadening of spectral lines
Student
Mew hired PhD Graduate Physical chemistry
student Student
New hired PhD Graduate Laser deposition, Quadrupole mass
student Student spectroscopy,

[1] N.Konjevi¢, A.Lesage, J.R.Fuhr and W.L.Wiese J. Phys. Chem. Ref. Data
5, 209-57 (1976); 5, 259-308 (1976); 13, 619-47 (1984); 13, 649-86 (1984);
19, 1307-85 (1990) and 31, 819-927 (2002),
[2] N.Konjevi¢, Physics Reports 316, No.6, 339-401 (1999).
[3] M.Ivkovic¢, S.Jovi¢evi¢, N.Konjevi¢, Spectrochimica Acta B 59 591-605 (2004)
[4] M.lvkovi¢, S.Jovi¢evi¢, N.Konjevic¢: Applied physics in Serbia-APS, Beograd 2002,187.
[5] S.Jovicevi¢, N.Konjevi¢, N.I.Chapliev, V.l.Konov and A.M.Prokhorov,
Opt.Commun. 61, 211-4 (1987).
[6] S. Jovicevi¢, N.Konjevi¢, I.Ursu, M.Ganciu-Petcu, |.N.Mihailescu, Viorica
Stancalie, A.Luches, M.Martino and V.Nassisi, Infrared Phys. 32, 177 (1991).
[7]1V. Lazic, F. Colao, R. Fantoni, V. Spizzichino and S. Jovicevi¢,:SAB 62, 30-39, (2007)
[8] I. Rauschenbach, V.Lazic, S. Jovicevic, E. K. Jessberger and R. Fantoni:
Lunar Planet. Sci. 38, 1284 (2007)
[8] M. Ivkovi¢, S. Jovicevic, V. Djokovi¢ and R. Zikic, XVI National Symposium on
Condensed Matter Physics-SFKM 2004, Sokobanja, 20- 23.9.2004,

29
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YYEINTRE HA JOMARUM ITPOJEKTUMA

Kangunat je on 1984 nHenpekuHO y4ecTBOBAO Ha MPOjeKTUMA U3 0071aCTH OCHOBHUX
UCTpakKMBamka MUHUCTAPCTBA HA/IJIEKHUX 32 HAYKY:
1984 — 1985 I1na3meHna eHepreTuka
1985 — 1990 ®duszuka nnasme u jgacepa
1990 — 1995 Cnekrpockonuja ria3me
1995 — 2000 CrnekTpockornuja rmia3me
2000 — 2006 [1na3zma u npakbemwa: pagujaliioHa CBOJCTBA M UHTEPAKIIMja ca
MOBpPIIMHAMA
2006 — 2011 HuckoremmnepaTypHa 1ia3Ma U NMpaxmemna: Panyjanrona cBojcTBa M MHTEPAKITHja
ca MoBpUIMHAMA
2011 — 2015 CrnekTpockoricka 1jarHOCTHKAa HUICKOTEMIIEpaTypHE TUIa3Me U TACHUX MPaXKkhCha.
O0JIMIIM CTIEKTPATHUX JINHUja U UHTEPAKI[Hja ca MOBPIIMHAMA

Kangunar je Hempekuano yuectBoBao Ha mnpojekry OBJIMIIM W TTOMEPAJU
CIIEKTPAJIHUX JIMHUJA VYV TACHOJ IUIASBMU U T'ACHUM EJIEKTPUYHUM
[MPAXHBEBUMA non pykooactsom npod.ap Hukone Komesuha penosnor wiana CAHY u
npodecopa emepuryca Dusmukor Qakynrera YHuBepsurera y beorpamy. IloTBpaa
KaHAMIATOBOr ydemha Ha OBOM TPOjeKTy Cy Troauinmku bunrenun ¢oHga 3a HayyHa
uctpaxkuBamwa CAHY:

bunren 30 (2004) ctp. 31
bunten 31 (2005) ctp. 29
bunren 32 (2006) ctp. 32
bunten 33 (2007) ctp. 32
bunren 34 (2008) ctp. 28
bunten 35 (2009) ctp. 33
bunren 36 (2010) ctp. 36
bunten 37 (2011) ctp. 29
bunren 38 (2012) ctp. 30
bunten 39 (2013) ctp. 29
bunren 40 (2004) ctp. 37.
OBu OmiITeHHM JOCTYIIHU Cy Ha JIMHK-Y: http://www.sanu.ac.rs/Projekti/Projekti.aspx

Knanupaar je yuecTBOBao U Ha MpojeKTUMA MPUMEHEHUX UCTpaKHBamba GUHAHCHPAHUX O]
cTpaHe MUHUCTapCTBA 32 HAYKY:

- IIpojekroBame CO, acepckor cHcTeMa 3a pa3BOj TEXHOJOTHje oOpaae Hemerana —
eBUACHIIMOHU Opoj. Z-60118
- 3aTonsbeHM YIIbeH TUOKCUIHHM J1acep eBuaeHImonu o6poj I-60091



PenyGnuka Cpbuja ![Hr'rn'r‘."r AN 15 HKU#
MHHHUCTAPCTBO NPOCBETE MPUML 2 D JU

U HAYKE —

Kom#cHja 3a cTHHARS HAYYHHUX 3BAKA

Bpoj:06-00-75/261 G594 1 1L / /

25.05.2011. rogune
bBeorpasn

{# jea. : o3 I'lpunor

Ha ocHOBY ufaHa 22. craBa 2. umana 70. cras 6. 3akOHa O HAay4HOMCTPaKHBAuKOj
nenathocTv ("CryxSenn rnacHuk PenySnuke Cpbuje”, 6poj 110/05 u 50/06 — nenpaska u 18/10),
ynana 2. ¢taea ). ¥ 2. Tauke 1 — 4.(npuno3u) u unada 38. [IpaBunHuKa O NOCTYNKY WU HAYMHHY
BPEIHOBAA W KBAHTHTATHBHOM MWCKA3MBakby HAYMHOMCTPAKMBAUKMX Pe3yNTara MCTpaXuBaua
("Cnyx6enu rnacHuk PenyGnuke Cpbuje”, 6poj 38/08) v naxTeBa Koju je noauHeo

Huciuwiuyu sa f};uauxy y Beozpady

KoMucH]ja 33 cTHHake HAydHHMX 3Batba Ha cenuuy oapxado) 23.05.2011. roaune, noxena je

 OAIYKY )
O CTULIAKY HAYYHOT 3BAThA

Ap Muauesoje Hexosuh
CTHYE Hay4HO 3Batbe
Butuu naywnu capaonux

y 06acTu NpUpORHO-MaTeMaTHYKNRX Hayka - pu3HKa

O 5F P A 3T OXEBE
Huciuityi 3a gusuxy y Bepipady

yTepauo je npeanor 6poj 256/1 on 22.02.201]. roaune na ceannny HayyHor Beha Uncruryra u
noJHeo 3axTeB KoMHCHjW 3a cThluame HayqHux 3Bama Opo] 289/1 on 03.03.2011. romuue 3a

ACHOLLIEHE OUIYKE O MCIYHEHOCTH YCNOBa 3a CTHLAmE HaydHOr 3Bawa Butun wnayunu
CapaoHux.

Komucuja 3a cTHLAMe HAYYHHX 3Bama j€ M0 NpeAXOoJHO NpUOaBBEEHOM IO3WTUBHOM
MULILBEHY MaTHuHOr HayuHor oafopa 3a U3MKY Ha cegHMUM oapxaHoj 25.05.2011. roguse
pasMaTpasta 3aXTeB ¥ YTBPAMIA 1a KMEHOBaHM MCIyHaBa yCloBe u3 uiaHa 70. cTas 6. 3akoHa o
HayyHoMCcTpakuBaukoj aenatHoctd ("Cnysxbenn rnachuk Perybnuke Cpbuje”, 6poj 110/05 u
50/06 — vicnpaska ¥ 18/10), unana 2. ctaga 1. u 2. Tauke 1 —4.(npunozu) 1 wiaHa 38. [TpaunHuka
O NOCTYNKY W HauMHY BpelHOBaka W KBAHTUTATUBHOM WCKa3UBaiby HaYYHOMCTPAXKHBAUKMX
pesynrata wctpaknpaua ("CnyxOeuu rnacuuk Penybauke Cpbuje”, 6poj 38/08) 3a cruuame
HayYyHoOT 3pata Buwiu nay+wnu capaoHuk, na je OLTy4NIa Kao y H3pelll OBe OJayKe.

JOHOLLEHEM OBE GANYKE HMEHOBAHH CTHYE CBA NMPABA KOja MY HA DCHOBY e 110 3aKOHY
npunanajy.

Onnyky ZOCTaBUTH NOZHOCHOUY 3aXTeBa, HMEHOBAHOM . apxunn MuuuctapcTea
npocBeTE M Hayke y beorpany. L

NPEJCEAHHK KOMUCHIE | o w%p
ALLA %_‘
ap Crannciaasa Cromuh-I'pyjuunh, % TIpog. ap AKapxo Obpaaos

HAY4YHH CABETHHK

(-4
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