PEINEH3UA

M0 KOHKYpPC 32 3aeMaHe HAa aKaJeMUYHATA JUIBKHOCT “qoueHT®, 00siBeH OT lleHTpanHa
naboparopusi o npuiaokHa (usuka kbM bbiarapcka akagemus Ha Haykute (LIJITIO-BAH) B [IB
op. 52 or 16.06.2023 r. B mpodecnonanHo Hampasienue 4.1. ,Dusnyeckn Hayku*, HaydyHa
CHEIHATHOCT ,»PHU3nKa Ha KOHJICH3UpaHaTa matepus’ (MHorodyHKIIMOHATHU
HAaHOCTPYKTYPHPAaHH W HAHOPA3MEPHH MaTepHalld ¥ HAHOTEXHOJIOTMH 32 MEXaTpOHHKAaTa H
MEIUIIMHATA)

Kanaunar: n-p Bacunuii AtanacoB Uutanos, rinasen acuctent B [IJIIID-BAH
Penensent ndu nanka JJumurposa Hemena-CnaBosa, mpodecop B UDTT-BAH
(3armoBen No17/19.07.2023 r. na ipod. JIunsna Konaknuesa, mupexrop Ha LIJITID)

Ia.ac. n-p Bacuiamii AtanacoB UMTaHOB ¢ €IUH OT KaHIUAATUTE MO OOSBEHUS OT
LJITI®-BAH (B 6p. 52 ot 16.06.2023 T.) KOHKYpC 3a aKaJieMUYHATa JUTHXKHOCT ,,JOIEHT (IBE
MecTa) B ipodecnoHanHo HarpasieHue 4.1. ,,dusnyeckn HaAyKu', Hay4yHa CIEIUATHOCT ,,Du3nKa
Ha KOHJeH3upaHata Mmarepus . IlpenctaBun € BCHYKM M3UCKBAaHM MaTepHald 3a y4acTHE B
KOHKYypCa, KOMUTO ca MHOTO JI00pE MOAPEICH! U OTUCAHH.

Obwa xapakmepucmuka Ha KAHOUOAmMa cnopeo nPeocmageHunme mamepuaiu

JI-p UuraHoB 3aBbpiiBa Buciie oopazoBanue B Texundecku YuuBepcuteT (TY), Codus,
¢wmman Ilnosnus, mpe3 2000 r. ce AMMIOMUpA KaTo ,,MaruCTbhp WHXEHEP IO aBTOMATUKA U
cucreMoTexHuka“, a mpe3 2004 r. craBa ,,MaruCTbp HHXEHEpP IO KOMIIIOTBPHU CHCTEMU U
texHonoruu®. Ilpes maptr 2023 r. a-p UurtaHoB ce aumiomupa U B I110BAMBCKM yHUBEpCUTET
Hlancuit XuneHmapcku™ Karo ,,MarucTbhp HWHXKEHEP-QU3WK™“ ChC chenuamHocT ,,Ou3znka Ha
KoHAeH3upaHata Marepus. B mepuoma 2003-2007 r. e 3a104eH JIOKTOPAHT B IUJIOBIMBCKHUS
¢umman Ha TY, Codus u npe3 2008 r. npugodusa OHC ,,noktop* no cneunanHoct 02.21.02
,»EJIEMEHTH M YCTpOICTBA Ha aBTOMAaTHKaTa M W3YMCIWTEIIHATA TEXHUKA™ 3alllUTaBaliKu
JUCEpTAallMOHEH TpyJ Ha Tema ,,AJIrOpUTMH C HEBPOHHO-PA3MHUTO MOJEIHO MPECKa3Ballo
yIIpaBJI€HUE Ha MOJMMepu3aunoHeH peaktop®. B mepmomure 2007-2009 r. m 2009-2011 r. e
CbOTBETHO KOMITIOTHPEH MHkeHep U H. ¢. Il cT., a or 2011 r. mocera e Ha JUIBXKHOCT ,,IJIaBEH
acucrent” B ILUJIII®. OT M. ¢eBpyapu 2022 r. e pbKOBOAUTEN Ha rpymara ,,[exHonorus u
xapakrepusupane Ha ThHKU cioese’ B LIJIIID. OtroBaps cpio 3a noaapbKKaTa Ha 4YUCTaTa CTast
U anapaTypure B Hesl (HAaHOMHJCHTHPaHe, MUKPOUHIEHTUPAHE/TeCT Ha HaJpacKBaHe, KaJloTecTep,
TpUOOMETBp), 3a €JIEKTpOHHATa CTpaHulla Ha Jjaboparopusta W Bpb3kuTe Ha LJIIID c
0O0IIIECTBEHOCTTA.

JI-p UutaHoB e Oun Ha oOydyeHHME W CHELMATU3alUU B 4yXOMHa 00I0 8 mbTH, B TOBa
gucno Jlstao yuunuiie B TY B bbpho, Uexus (2000 r), eAHOroAuIIIHA TOKTOPAHTCKA CTUTICHIHS
o nporpama ,,Epazsm* B YauBepcurera Apucroten B Conys, I'spuus (2005-2006), Tpumeceuna
nokTopanTcka cnenuanuzanus B TY, Ilpara (2007). IIpe3 2018 r. u 2022 r. e npemMuHan JaBe
oGyuenust mo mporpama ,,Epassm“ B JlemapTaMeHTa 0 aHAIM3 Ha TOBBPXHOCTH Ha Moxamec
Kemnep YHuBepcurera B JIuHi, ABCTpus, IOCBETEHU HA IPWJIAraHEe HA CbBPEMEHHM TEXHMKU 3a
o0pa0oTKa M XapakTepu3UpaHe Ha MaTepuaiu (MPUIOKEHHS Ha (POKYCHpPaHU MOHHHM CHOIIOBE,
PamaHOBO pasceliBaHe, CKaHMpallla ¥ TPAHCMUCHOHHA €JIEKTPOHHA MUKPOCKOIIHSI, aTOMHO CHJIOBA
Mukpockonusi, Ojke eJeKTpOHHAa CIEKTPOCKOINHUs, YITpaBUOJIeTOBAa U  HH(]padyepBeHa
EJIIUIICOMETPUS M MOJEIMPAHE U aHAIW3 Ha EIMIICOMETPUYHM pe3yiaTaTH). Bcuuko ToBa ro e



W3TPaIUiIo0 KaTO BUCOKO KBaMH(UIMpaH u3cienoBaren. [n.ac. UNTaHOB mpuTekaBa BaKHHU 3a
ucneaBanuara B IJIII® ymenms 3a paboTa ¢ pa3auyHUd HAW-CHBPEMEHHHM arapaTypu,
BKJIIOYUTEIHO C Pa3HOOOPa3HO BaKyyMHO 00OpYBaHE 32 HAHACSHE TIOKPUTHS.

JI-p YurtaHoB € chaBTOp Ha 0010 43 HaydyHU IMyOJMKaIuu, OT KouTo 31 ca B cmucaHus C
umnakt ¢akrop (MP) unm umnakr panr (UP), cbe 73 HezaBuCHMH IUTHpaHUs, XHUPII UHICKC 4
(SCOPUS). I'n. ac. B. YUurtano mma 33 ydactus c¢ gokiaau Ha KoHpepeHmumu, 20 OT TAX
MeXayHapoaHHu. PpkoBoaun € eauH npoekT kbM Donp “Hayunu mscneaBaHus’” 3a JABYCTPAHHO
CHTPYJHUYECTBO C KOJEKTUB OT ABCTpHS, CIIEUENIUJI € MPOEKT 3a MOoJIoMaraHe Ha MJIay yYYeHH
no nporpama “Hayka u busnec” kxbMm MOH u ce e o0y4yaBan BbB @paynxodepoBus HHCTUTYT B
Kemuutn, I'epmanust u e ydactBan B omie 9 HaydHu npoekta usmbiHsBanu B LJIIID (1 mo
nporpamara 3a KOHKYypeHTHOCIOCOOHOCT Ha ObJrapckara HKOHOMHKA, eauH LleHThp 3a
KOMITIETEHTHOCT U efauH LlenTsp 3a BbpxoBH nocTmwkeHus nmo OITHOUP, Mudpamar npoekt u

ap.).

Hayunu u hay4yHo-npuioxcHu akmugu npeocmasenu 3a yuacmue 8 KOHKypca

3a ydactue B KOHKypca ri.ac. UYWTaHOB € WPEACTaBWI CIECIHUTE AaKTUBH: TIpyla
nokasarenu B (B4), xabunutauuoneH Tpya: 10 myOnukanuu, uznesnu B nepuoaa 2016-2022 r.,
(123 touku npu m3uckBanu MuH. 100 T1.), oT TsX 1 Op. e B kBaptuin Q1, 6 O6p. - B Q4 u 5 Op. B
cnucanusi ¢ UP; rpyna nokazarenu I (I'7): 20 nmybnukamnuu, uzne3nu B nepuoga 2009-2023 r.,
(295 Touku nmo SCOPUS npu mun. 220 T1.), oT Tax 6 Op. B kBaptuia Q2, 7 6p. B Q3 u 7 6p. B
cnucanus ¢ UP. [lybnukanuute ca mo temMara Ha KoHKypca. Hsimam cBenenus 3a maruatctso. /-
p YutaHoB € mbpBU aBTOpP B 4 U BTOpU B 2 MyOIMKaIMK 10 NoKa3aTesl B4 u cbOTBETHO B 3 U 6
nyOaukanuu no nokaszaten /7. ChriiacHO NPUIOKEHUTE MHEHHSI Ha ITbPBUS aBTOP B MYyOJIMKAIIMH
B5-10, I'1-11,13-15,17 (chriacHo HOMepanuaTa Ha KaHIuJaTa) TOM UMa ChIIECTBEH MPUHOC: ()
B pa3paloTKaTa W M3IBIHEHHETO Ha TEXHOJOTMYHUTE IMPOLIECH 32 HAHACSAHE Ha TMOKPUTHUS C
pa3baylaHCHpaHO MarHETPOHHO pa3MpaliBaHe B 3aTBOPEHO MATHUTHO mosie; (0) B ompenesiHeTo
Ha HaHOTBBPJOCT, MOAYJ Ha €ACTHYHOCT, aIX€3MOHHO-KOXE3UOHHU CBOWMCTBA M KOSHUITUEHT Ha
TpUEHE Cpelly AMaMaHTEH WHIEHTOpP, TEPMUYHO U KOPO3UOHHO CHIIPOTHUBJIICHUE W aHaIu3a Ha
MOJIy4YEHUTE pe3ynTarTy; (B) B HAHACSIHE U €JIEKTPUYHO XapaKTepuU3upaHe Ha OMOBH KOHTakKTH. JI-p
UutaHoB MMa efHa 3asBKa 3a TOJIE3€H MOJEN 3a IUJIaHeTapHa CHUCTEeMa 3a JIBIDKCHHE Ha
MO/JIOKKK/00pa3Iy B anaparypa 3a (U3nyHO mapoBO OTJIaraHe, HO TS BCe OIlle He € MyOIuKyBaHa.
3a ydacTue B KOHKypca KaHAMJIATHT € MPeACTaBUI COUCHK ¢ 53 HezaBucuMu nuTupanus (106 T.
no mokazaten /). B mokaszaren E ca BKIIOYEHH: PBKOBOACTBO Ha mpoekT kpbM DHU 3a
JBYCTPAaHHO CHTPYJHUYECTBO C KOJEKTUB OoT ABcTpus 3a 12000 nB. (E17, 52,4 T.) U crieyeneHus
MPOEKT 3a MmoAnomMarane Ha muaan yueau kbM MOH 3a 9000 nB. (E14, 11,8 T.).

[IpaBu oTiIMYHO BIleYaTieHHE, Y€ (CHIVIACHO MPEACTABEHU JOKYMEHTH 32 KOHKYpCa) HIKOU
0T pa3pabOTeHUTe C aKTUBHOTO yuyacTue Ha A-p B. UuTaHOB cioeBe ca BHEIPEHU B ONMUTHOTO
npou3BocTBO Ha [[JIII® u u3non3Banu npu U3MBIHEHUE HA MOPBHYKHU: (a) mokputue ot TiN 3a
HUCKOTEMIEPATYPHU TPHIIOKEHHsI, M3MOI3BAHO BHPXY MHCTPYMEHTH OT OepuiiueB OpOH3 Ipu
M3MBJIHEHUE Ha TophYKka Ha Gupma ,,Munkorponuk*, Crapa 3aropa, (0) mokputue ot CrN-TiN
HAHECEHO BbPXY YacCTH 3a MEAMLMHCKU UMIUIAHTH, TecTBaHU B oproneauute Ha MBAKIOJT ,,Cs.
I'eopru®, Ilnosaus u MBAJI, loOpuy; (B) nokputue ot TiAIN npuioxeHo BbpXy MOaHCOHU Ha
¢upma Apcenan, Kazaunbk. Criopes JOKyMEHTHTE 3a KOHKypca A-p UUTaHOB HsMa KOHKpETHa
nejarornyecka JAeHHOCT, HO aKTUBHO MoJromara 0Oy4eHHeTO Ha JOKTOPaHTH M JAMIIOMAHTH B
IJITI® 3a paboTa ¢ 060pyABaHETO B 1a0OpaTOpUsTa, HA KOETO TOW paboTH.



OCHOGHU HAYYHU U HAYUHO-NPUTIOIHCHU NPUHOCU

IIpencraBenuTe 3a y4yacTue B KOHKypca NpUHOCHM Ha ri.ac. B. UurtaHoB ca riaBHO B
obyacTTa Ha pa3pabOTBaHE M MPWJIATaHE HA TBBPAM MOKPHUTHUS C PA3JIMYEH ChCTaB U CTPYKTypa
KaTo e(eKTUBHO CPEJCTBO 3a MOAM(ULUpPAHE HA MOBBPXHOCTTA HA MAaTEpPHAIM, U3IOJI3BAHU B
ChbBpEMEHHATa MHIyCTpUsATa U MeauuuHa. llocTmxeHusITa ca MHTEPECHM W Ba)XKHH, 3aII0TO
JOBEXJAT 10 Cb3/JaBaHE HA TBBPAM MOKPUTHS C IOJOOPEHHM MEXaHWYHM U TPUOOJOTHYHU
CBOWCTBA M Ca C IOTEHIMAl 3a pa3JIM4HU MpuioxeHud. -p UWTaHOB HMMa BOJEIIO WIIH
CBIIECTBEHO y4acTHE KAKTO B Pa3pabOTBaHE HA TEXHOJIOIMUTE 32 HAHACSHE HA MOKPUTHATA, TaKa
U B TSXHOTO KOMIUIEKCHO XapaKTEPU3UPAHE ChC CbBPEMEHHU TEXHUKHU.

H3zcneoseanusma éxniouenu ¢ B4 ca MOTMBHpPAHHU OT M3IIOJI3BAHETO HA HUCKOTEMIIEpaTypHa
MHCTPYMEHTAJIHA CTOMAaHA, KOSITO U3MCKBA HAaHACSIHE HA MOKPUTHSI IIPU HUCKU TemnepaTtypu, 1. 3a
HaHAacsAHE Ha IOKPUTHATA € M3MOJI3BAaHO pa3zdajlaHCUpaHO MArHETPOHHO paslpalliBaHEe B
3aTBOPEHO MArHUTHO T0JIE, C KOETO MpH Temreparypu Ha nomiokkure T < 200°C ce momyuaBat
TBHHKH CJIO€BE C BUCOKA IIIBTHOCT, HUCKA AE(PEKTHOCT U MaJIKa rparaBocT.

OcHosHu npunocu no noxkazamen B4:

- Pa3zpaboTreHa e TexHOJIOTH 3a OTJIaraHe Ha TPOMHM U YETBOPHM MOKpUTHUS HA Oa3aTa Ha Cr
u Ti (CrTiN, TiAIN, Cr-Ti-Al-N) Bbpxy cromanend noiuoxku npu 7'<200°C wim 6e3
JOI'BJIHUTENTHO HarpsiBaHe. Upe3 U3MOA3BaHE Ha MOAXOJAINA KOMOMHAIMS OT aJXE3MOHEH U
IIPEXO/IEH CJION € MmocTUrHaTa A00pa ajnxe3us KbM MOAJI0KUTE. MHOTOKOMIIOHEHTHUTE MOKPUTHUS
ca ¢ mo-Bucoka HaHOTBbpAocT OoT OuHapHuTe TiIN m CrN, KaTo npH YETBOPHUTE HMOKPUTHS
HaHOTBBPJOCTTA € [10-BUCOKA OT Ta3u HAa TPOMHUTE. [ MagKoCTTa U HAKOU MEXaHUYHU CBOWCTBA ca
no-100pu mpu nokputuara, O0azupanu Ha Cr. (cratum ¢ Homepa B6, I'7). Onrtumunzanusta Ha
CbCTaBa Ha YETBOPHUTE MOKPUTHUSA BOJAU /10 cpeiHa HaHOTBBpAOCT oT 33 GPa m mexaHu4HH
CBOWCTBA CPAaBHHMHM C T€3W HA IOKPHUTHs, OTJIOXKEHH Ipu Temneparypu Haa 200°C. (B1,B4,B6)
Ypes orrpsisane npu 400 10 600°C ¢ MOCTUIHATO YBEJIMYECHHE HA HAHOTBBPIOCTTA U MOJYyJIa Ha
€JIACTUYHOCT IPH 3alla3BaHe Ha 100pa ajJxe3ust U HUCHhK KOS(PUIIMEHT Ha TPUEHE, KOETO € BaXKHO
IIpM UHCTPYMEHTH, paboTelM MpU MOBHUILEHU TEMIIEpaTypu M arpeCHBHM YCIIOBUS Ha padorta.
OTrpsiBaHETO NpPU MO-BUCOKU TEMIIEPATYPH BOJM A0 YBEIMUYEHUE HA Pa3Mepa Ha HAHOKPUCTAIIUTE
U TosiBa Ha OKCUAHM (a3 U mpoMeHs Mopdosorusra M rpanaBocTTa Ha nokputuero. (B5)
Hanpaseno e 3akmouenue, ye mnokputusita or CrTiAIN ca moaxoasduiy 3a HMHAYCTpUAIHU
MPWJIOXKEHHUS, W3HUCKBAIlM BHCOKAa TBBPJAOCT M YCTOMYMBOCT Ha IUIaCTUYHa Jedopmanus, a
nokputusaTa oT CrTiN - npu U3MCKBaHMA 32 BUCOKA SIKOCT U YCTOHYMBOCT Ha mykHaTUHU. (120)

- Hamepenu ca onTuManHM yciaoBHs 3a OTJIaraHe Ha MHOTOCJIONHHA CTPYKTypa Ha 0a3ara Ha
TiAIN, 3amouBama c Ti crmoif, cienBaH oOT 1Ba MeXIUHHU cios oT TiN ¢ rpaaveHTeH u
CTEXHOMETPUYEH ChCTaB, IpaaueHTeH mnpexoneH ciaoi or TiAIN u mocnenen cmoit ot TiAIN ¢
MIOCTOSIHEH CBhCTaB, U3rPajieH OCHOBHO OT KyOnuHa (a3za ot (AlTi)N, ¢ pa3mMep Ha KpUCTATUTUTE
44 nm. BbpxXy BUCOKOCKOPOCTHA U BBIVIEPOIHA HHCTPYMEHTAIHA CTOMAaHa IpH Temiieparypu 150-
200°C ca mocTUrHaTH MHOTO J100pa aaxe3us U HaHOTBLpAoCT oT 38 GPa. (B10)

- Cp3azeHa € TEeXHOJOIHs 3a OTJIaraHe Ha MHOTOCJIONHU CTPYKTYPH OT HAHOKPHUCTaIHU
cioese CrN/TiN BbpXy MOJUIOKKH OT BUCOKOCKOPOCTHA cromana npu 120-200°C, npeaxoxianu
or anxesuBeH Cr cmoit u cioit or CrN c¢ rpaauenteH cbcraB. (B7-B9) Ilocturnara e
HaHOTBBPAOCT OT 32 GPa, KOATO € cpaBHMMA C Ta3d Ha MOHOCJION, oTiokeH mpu 350 — 400°C.
MHOTrocnoiHOTO MOKPUTHETO MMa W MHOIO0 HHUCHK KOe(ULMEHT Ha TpHUEeHe, Moa00peHa
YCTOMYMBOCT Ha IJIacTU4Ha Aedopmariusi, MHOTO j100pa Kopo3oycroiuuBocT. IIpeaumMcTBara Ha
MHOTOCJIOIfHaTa CTPYKTypa ca CBbP3aHu ¢ HAJTMYMETO Ha MHOTO MHTepdelicu, KOUTO mojarnomarat
pasceiiBaHeTo Ha JAe(eKTH M €Heprus M OTKJIOHABAT MyKHaTWHUTe. Huckara rpamaBocT Ha



MOBBPXHOCTTA HA CTPYKTYpPHUTE € CBIIECTBEHA MPU MEIUIMHCKHA HMIUIAHTUTE, 3aIl0TO BIIHsAE
JUPEKTHO BbPXY TPUEHETO, @ HUCKUAT KOE(PULIMEHT Ha TPUEHE yIbJIKaBa )KMUBOTAa HA UMIUIAHTUTE
Y HaMaJsiBa OOJIKaTa Ha MAlUEHTHUTE.

- Pa3zpaboTeHo € KOMIIOTBPHO MPUJIOKEHHE, BKIIIOYBAIIO LIECT MOJIENA, KOETO M03BOJIsBA
Jla ce IpOrHO3Mpar KayecTBara Ha Nokputusa, usciaensanu B LUJINI®. (B2) HampaBenu ca
IIPOTHO3U 3a HAHOTBBPAOCTTa HA TPOMHM M YETBOPHU IOKPUTHUS, KOUTO Ca CPaBHEHU C
eKCTICpUMEHTAIHU JaHHH. [Ipy moBeueTo MOKpUTHUS Hall-OIM3KUTE MPOTHO3M J1aBa M3MOJI3BAHETO
Ha Merona, u3nonsBail ['aycoB mpomeceH perpecop. IlokasaHo € cblo, Y€ €ITUICOMETPUYHU
U3MEpBaHus B cEKTpaiHus auana3zoH oT 50 meV — 5 eV, Morar n1a ce u3nosa3Bar 3a U3ciieIBaHe
Ha (QU3NIHUTE CBOMCTBA Ha M3CIeABaHNUTEe MOKpUTHs. (B3)

B nybauxayuume, exnouenu 6 nokazamen 1’7, ¢ ydactuero Ha ri.ac. B. UurtaHoB ca
pa3paboTBaHM: (a) MOKPUTHS, BKIFOUBAIIM MHOTOCIOMHU CTPYKTYpPH OT IEPUOJUYHO HMOBTAPSIIU
ce nanocnoese (Ti/TiN/TiCrCN/(CrCN/TiCN)n), Ti/TiN/AITiSiN/(AITiSiN/TiAISiN)n/AlTiSiN,
TiN/CrN); npu 1ax TBBpaocTTa He HajsuiuaBa 30 GPa, Ho ce HaOmonaBa yBelM4aBaHE Ha
BpPEMETO Ha EKCIUIOATAIUs M MOA00psiBaHe HAa Ka4eCTBOTO Ha 00pabOTKa ¢ MHCTPYMEHTH C TaKHBa
MMOKPUTHUS U TOBA TH NPaBU MHTEPECHU 3a mpaktudecko npuioxenue (I'S, I'6, I'S); (0) moxkpurtus
Ha 0a3aTa HAa MHOITOKOMITIOHEHTHH HaHOKOMIIO3UTH U MHOTOCJIONHH T'PaJIMEHTHU HAaHOKOMIIO3UTH,
HAaHACSHM C KaTOAHO-IBIOBO M3MApEHHE MpPH TeMIeparypu Ha momiokkure Hax 200°C,
pa3zbaylaHCUpaHO MAarHETPOHHO paslpaliBaHe, HMIYJICHO Ja3zepHo otiarade (I'3), kouto
IIPEBB3X0XKAAT M3MOI3BAaHUTE B IpaKTHKaTa IMOKPUTHA Ha METAJOPEXKeIld HHCTPYMEHTH,
matpuuu u ap. (I'1,I'2,1'4,1'9); (B) MHOrocioiiHM OMOBHM KOHTAKTH KbM XETEPOCTPYKTYPH OT
GaN/AlGaN/GaN, kouTo ca H3rpajieHd OT HaHOCJOEBE C pa3iMyHa Je0elrHa, HAHACSHHU C
MarHeTpoHHO pa3MpaliBaHe, eJIeKPOHHO-TbUEBO U TepMUUHO u3napenue. (1'14,1'15,I'17)

OcHosnu npunocu no noxazamen 1'7:

- HampaBeno e 3anp004eHO M3CieqBaHe Ha TPaJMEHTHH 1O cheTaB cioeBe oT TiAlISiN,
OTJIaraHu € KaTOAHO-IbIOBO H3MAPEHHWE M HAa MHOTOCIOWHO T'PaJHUEHTHO HAHOKOMIIO3UTHO
nokputue Ha Oazata Ha TIAISIN cbcrosimo ce ot rpaaueHtHH TiAISIN HaHocioeBe H
HaHokomno3utHU cioeBe oT TiAIN/SiN (I'10-I'13). IlokazaHo e, ye TpaAHEHTHUTE CIOEBE OT
TiAISIN ca ¢ oTiMuHa anxe3us KbM BOI(PpaMOBUAT KapOUJl, KOMTO YECTO e U3IOJI3BA 32 PEKELIN
uHCTpyMeHTH. Cliel MOAXOAAI0 TEPMUYHO TpeTHpaHe HaHOTBbpAOCTTa UM joctura 48 GPa, a
MOAYTBT Ha enacTudHocT - 560 GPa, xoeto € cBbp3ano ¢ Hanmmuuetro Ha (a3u oT AIN u TiN c
pasmMep Ha HaHOKpucTaaure okoso 10 nm. HaHOKOMIO3UTHUTE MOKPUTHS ca IO-MaJKo
MOJIaTJIMBU Ha TOYKOBa Kopo3usi oT mokputuero or TiN um morar ga pabotsaT Ge3omacHO 110
900°C.

- Pa3paborenu ca nHaHokomMno3uTHH cioeBe OoT AlSIN, HaHacsiHM 4ype3 KaTOJHO-IBIOBO
U3MapeHue, KOUTO ca M3rpajeHu oT HaHo3bpHa OT (AISi)N B marpuma ot SizNy (I'4). Cnoesere
MIOKa3BaT MoJ00peHa elacTuyHa YCTOMYMBOCT Ha OI'bH, MHOTO J00pa yCTOMYMBOCT Ha IUIACTUYHA
negopManuss M eNaCTUYHO BB3CTAHOBABAHE, HUCHK KOE(QHUIMEHT Ha TpuUeHe, Jo0pa
M3HOCOYCTOMYMBOCT M MHOTO BHcOKa TBBpaocT (46 GPa). TakuBa cioeBe ca BKIIIOUYEHU B
CH3/1aZICHOTO HOBO HaHOKOMITO3UTHO mokputHe oT CrAlSiN-AISiN ¢ nmepuoanyHo MoaynupaH
cweTaB. [locturaar e pasmep moa 10 nm Ha Hanokpuctanute oT CrN u AIN, KOUTO ca BrpajicHu B
amopdua marpuma otT SizN4, MOpagu KOETO MOKPUTHUETO TIOKa3Ba H3KIIOUYHUTEIHO BHCOKA
TBBpAocT (mo 54 GPa) (I'l, I'2). Moaynaupanero Ha cbhbcTaBa BOAM O TojisiMa e€JacTH4YHA
YCTOMYMBOCT Ha MOBpeJia U YCTOMYMBOCT Ha IIacTU4YHa Jedopmanus. To 3ama3Ba KoMOMHaNMATA
OT CBPBXTBBPJIOCT U YCTOMYMBOCT HA €JaCTUYHH HANPEKEHUS U Ha IJIACTHUYHU Aedopmanuu 110
800 °C 1 € moAXOAAIIO 338 BUCOKOTEMIIEPATYPHHU MPUIOKEHHUS.



- KsMm xerepoctpykrypu ot GaN/AlGaN/GaN ca HaHAacSHU MHOT'OCJIIOHHM OMOBHM KOHTaKTH
Ha Oazata Ha Al (Ti/AlUTi(Mo)/Au) u xontaktu, B kouto Al e 3amecten ¢ Mo, Ni umu Pd
(Ti/Mo(Ni,Pd)/Au u Ti/Mo(Ni,Pd)/Ti/Au). (I'14,['15,I'17) Tlonyyena e BaxkHa uHpopmamms 3a
MOBBPXHOCTHATA MM MOP()OJIOTHSI, XMMHUYEH W (Pa30B CBHCTaB, TEIrJIOBHO CHOTHOIICHUE Ha
CIIOEBETE, ENEKTPUYHM CBOicTBa. llpM pa3nmuyHMTE KOHTAaKTH Ca HaMEpEeHH ONTHMAIHH
TEMIIepaTypy Ha OTIPSIBaHE 332 OCUTYPSIBaHE HA OMOBO IMOBEJICHHE U HAH-HUCKO CHIIPOTHBIICHUE U
€ M3y4YCHO PA3MpPE/ICICHUETO HA €IEMEHTUTE B TSAX U XMMUYHHS ChCTaB Ha MHTepdeiicure cien
orrpsiBanetro. Hanpaseno e 3akmodenne, ye Ti/Mo/Ti/Au u Ti/Ni/Ti/Au KOHTaKTHUTE ca MHOTO
no0pa aaTepHaTHBA HA KOHTAKTUTE C Al.

OCHOBHUTE HayYHH ¥ HAyYHO-TIPHUIIOKHH MPHHOCH MOXKE JIa CE OTHEcaT KbM: (a) Ch3/1aBaHe
Ha HOBU TEXHOJIOTHH 332 HUCKOTEMIIEPATYPHO OTJIaTaHE Ha TBBPIU U CBPBXTBBPIN MOKpUTHUS; (0)
JIOKa3BaHEe C HOBU CpPEJCTBa HAa CHIICCTBEHUW HOBU CTPAaHM Ha BEYE CHINECTBYBAIM HAyYHH
npoOJieMHd W TONydyaBaHE M JIOKAa3BaHE HAa HOBH WM MOTBBPAUTENHU (hakTu (IIPHU MOYTH BCUYKHU
u3cienBanus); (B) IPUHOCH 3a BHEAPSBAHE U MPUIOKCHUE HA HAYYHU TIOCTH)KECHUS B IPAKTUKATA
(Tpu BHeApsBaHMS, TOKa3aHW C JAOKYMEHT M pa3paboTka Ha TBBPAM TOKPHUTUS C TapaMeTpH,
HaJIBUIIIABAIIY CEra MPUJIaraHUTe B MPAKTUKATA, 3asBKa 32 MOJIE3e€H MOJIEN ).

benescku u npenopvku no npedocmagenume mpyoose

HsmMaMm BbIpocH U ChIIECTBEHU KPUTUYHH OENEKKU KbM IMyOJIMKALUUTE, C KOUTO TIL.ac. B.
UuraHoB ywactBa B KOHKypca. IlpemopbuBaM, mnpu nyOnMKyBaHe Ha pe3yiaTaTH OT
€JIMIICOMETPUYHU HU3MEPBaHUs MO-SICHO J1a C€ MoAuYepTaBa I0J3ara OT TIX 3a U3CJIEeABaHE Ha
(U3HYHUTE CBOMCTBA HA MIOKPUTHSATA.

3aknrouenue

AKTHUBUTE, C KOUTO I1.ac.a-p B. UuTaHOB yyacTBa B KOHKYpCa, Ha/IBUIIIABAT MUHHUMAJIHUTE
HAIIMOHAJIHM M3UCKBAHHUS 3a 3aeMaHE Ha akKaJeMU4YHATa IBKHOCT ,JOICHT, IOCOYECHH B
[IpaBunnuka kbM 3PAC Pb u usuckBanusta Ha BAH u UDTT. Te ro mpencraBar KaTo akTUBHO
paboTen yueH ¢ BUCOKa KBanU(UKALKUA U ChC CEPUO3HU HAYYHU U HAYYHO-TIPUIIOKHU MPUHOCH,
KOWTO € CIIOCOOEH J1a MOCTaBs U PhKOBOIU M3CIEA0BaTENICKH 3a1a4l. [locTimkenusita My ca qo0pe
MO3HATH HA MEXIyHapoJHaTa HaydHa OOIIHOCT, a HAKOU OT TAX BEeUYe Ca HaAMEPHJIU MPAKTUYECKO
MIPUJIOKEHNE WK ca OJIN30 J0 TaKOBA. AKTYaJIHOCTTA U 3HAYUMOCTTa HA HAYYHUTE U Ha HAYIHO-
MPUJIOKHUTE TMOCTUKEHUS MU JaBaT OCHOBAHME /A CMsATaM, 4ye JI-p UHUTAaHOB € MOAXOASIN 3a
aKaJleMUYHaTa JJTBXKHOCT ,,JIOLEHT ChIJIACHO OOSBEHUSI KOHKYPC.

IoakpenaM Kanauaarypara Ha rnjac. Bacmimii YuranoB u mnpernopbuBaM Ha
nountaemoro Hayuno xypu na npeninoxu Ha Hayunust ceBer Ha UDTT-BAH rin.ac. n-p Bacunmit
YuraHoB aa ObJe u3bpaH Ja 3aeMe akajJeMU4HaTa UIBXKHOCT “‘JoueHT B lLleHTpanHara
naboparopust 1o npuioxHa ¢usznka kbM BAH, npodecnonanno nanpasienue 4.1. ,,Ousznuecku
HayKH‘‘, Hay4Ha CIIEHUAIHOCT ,,PU3nKa Ha KOHJAECH3UpaHaTa MaTepus ‘.

20.10.2023 1. Toammuc:
/mpod. ndu J. Hemesa-CnaBoa/
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REVIEW

on a procedure for the occupation of the academic position "Associate Professor" in the
professional field 4.1. "Physical Sciences", specialty "Condensed Matter Physics"
(Multifunctional nanostructured and nanoscale materials and nanotechnologies for mechatronics
and medicine) according to the announcement of the Central Laboratory of Applied Physics
(CLAP) - Bulgarian Academy of Sciences (BAS) in the State Gazette, issue 52/16.06.23.
Candidate: Vasilliy Atanasov Chitanov, Ph.D., Research Assist. Prof. at CLAP - BAS
Reviewer: Dianka Dimitrova Nesheva-Slavova, Dr.Sci., Professor at Institute of Solid State
Physics (ISSP)-BAS

Dr. Vasiliy Atanasov Chitanov is one of the candidates for the competition for the
academic position "Associate Professor" (two positions) in the professional field 4.1. "Physical
Sciences", specialty "Condensed Matter Physics" announced by CLAP — BAS (SG No. 52 of
16.06.2023). He has submitted all the required materials for participation in the competition,
which are very well arranged and described.

General characteristics of the candidate according to the submitted materials

Dr. Chitanov graduated from Technical University (TU), Sofia, Plovdiv branch - in 2000
as a "master engineer in automation and systems engineering" and in 2004 as a "master engineer
in computer systems and technologies". In March 2023, Dr. Chitanov also graduated from
Plovdiv University "P. Hilendarski" as a "master engineer-physicist”, specialty "Physics of
Condensed Matter". In the period 2003-2007, he was a doctoral student at TU, Sofia, Plovdiv
branch, and in 2008 he obtained the PhD degree, specialty 02.21.02 "Elements and devices of
automation and computing technique", after defending a dissertation on the topic "Algorithms
with neural-fuzzy model predictive control of a polymerization reactor”. In the periods 2007-
2009 and 2009-2011, he was a computer engineer and research assistant (2" degree,)
respectively, and since 2011 until now he has been "assistant professor" at CLAP. Since
February 2022, he has been the head of the "Technology and Characterization of Thin Layers"
group at CLAP. Also responsible for the technical support of the clean room and its equipment
(nanoindentation, microindentation/scratch test, calorimeter, tribometer), the CLAP's website,
and public relations.

Dr. Chitanov has studied and specialized abroad eight times, including a Summer School at
TU in Brno, Czech Republic (2000), a one-year doctoral scholarship under the Erasmus program
at the Aristotle University of Thessaloniki, Greece (2005-2006), a three-month doctoral
specialization at TU, Prague (2007). In 2018 and 2022, he completed two training courses under
the Erasmus program at the Department of Surface Analysis of the Johannes Kepler University
of Linz, Austria, which were dedicated to the application of a number of modern techniques for
material processing and characterization (applications of focused ion beams, Raman scattering,
scanning and transmission electron microscopy, atomic force microscopy, Auger electron
spectroscopy, ultraviolet and infrared ellipsometry and modeling and analysis of ellipsometric
results). All this helped him to become a highly qualified researcher. He works on various state-
of-the-art equipment at the CLAP, as well as he has the skills to work with a variety of vacuum
equipment that are important for the investigations at CLAP.



Dr. Chitanov is co-author of a total of 43 scientific publications, of which 31 are in
journals with an impact factor (IF) or impact rank (SJR) and 33 presentations at conferences, 20
of them international. The publications have 73 independent citations, Hirsch index 4
(SCOPUS). He managed a bilateral project for the Bulgarian Scientific Research Fund with a
team from Austria, he won a project to support young scientists under the "Science and
Business" program at the Ministry of Education and Culture and studied at the Fraunhofer
Institute in Chemnitz. Germany, and has participated in 9 more scientific projects (under the
program for the Competitiveness of the Bulgarian economy, Center for Competence and Center
for Excellence in OPNOIR, Inframat project, etc.) implemented at CLAP.

Research and development achievements submitted for participation in the competition

For participation in the competition, Dr. Chitanov presented the following assets: group of
indicators B(B4), habilitation work: 10 papers published in the period 2016-2022, (123 points at
required min. of 100 points), of which one publication in quartile Q1, 6 - in Q4 and 5 - in
journals with SJR; group of indicators G (G7), 20 publications in the period 2009-2023, (295
SCOPUS points at min. 220 items), of which 6 in Q2, 7 in Q3 and 7 in journals with SJR. The
publications are on the topic of the competition. I have no record of plagiarism. Dr. Chitanov is
the first author in 4 and second author in 2 publications under indicator B4, and respectively in 3
and 6 publications under indicator G7. According to the attached opinions of the first author in
publications B5-10, D1-11,13-15,17 (according to the numbering of the candidate), he made a
significant contribution: (a) in the development and implementation of the technological
processes for applying coatings with unbalanced magnetron sputtering in a closed magnetic field;
(b) in the determination of nanohardness, modulus of elasticity, adhesion-cohesion properties of
the layers and coefficient of friction against a diamond indenter, thermal and corrosion resistance
and the analysis of the obtained results; (c) in deposition and electrical characterization of ohmic
contacts. Dr. Chitanov has a patent application for a model for a planetary system for
substrate/sample movement in a physical vapor deposition equipment, but it has not yet been
published. To participate in the competition, the candidate submitted a list of 53 independent
citations (106 point according to indicator D). Indicator E includes: management of the project
for bilateral cooperation with a team from Austria for BGN 12,000 (E17, 52,4 points) and the
project to support young scientists at the Ministry of Education and Science for BGN 9,000
(E14, 11,8 points). It makes an excellent impression that (according to the submitted documents
for the competition) some of the layers developed with the active participation of Dr. V.
Chitanov were implemented in the trial production of the CLAP and used in the execution of
orders of various companies: (a) TiN coating on beryllium bronze instruments for low-
temperature applications, an order by the company "Milkotronic", Stara Zagora, (b) CrN-TiN
coating applied to parts for medical implants, tested in two hospitals "St. Georgi", Plovdiv and
the hospital in Dobrich; (c¢) TiAIN coating applied on punches of Arsenal Kazanlak. According
to the documents for the competition, Dr. Chitanov does not have a specific pedagogical activity,
but he actively supports the introduction and training of doctoral students and graduates at CLAP
in working with equipment in the laboratory.

Main research and development contributions

The achievements of V. Chitanov are mainly in the field of development and application of
solid coatings with different composition and structure as an effective tool of modifying the
surface of materials used in modern industry and medicine. The achievements are interesting and



important because they lead to the creation of hard coatings with improved mechanical and
tribological properties and have the potential for various applications. Dr. Chitanov has a leading
role or significant participation both in developing the technologies for applying the coatings and
in their complex characterization with modern techniques.

The research included in B4 is motivated by the use of low-temperature tool steel, which
requires the application of coatings at low temperatures, 7. Unbalanced magnetron sputtering in
a closed magnetic field is used to apply the coatings, which at substrate temperatures T < 200°C
produces thin layers with high density, low defectivity and low roughness.

Main contributions under indicator B4:

¢ A technology is developed for the deposition of triple and quaternary coatings based on
Cr and Ti (CrTiN, TiAIN, Cr-Ti-Al-N) on steel substrates without additional heating or at
T <200°C. By using a suitable combination of adhesive and transition layer, good adhesion to
the substrates is achieved. The multicomponent coatings have higher nanohardness than binary
TiN and CrN, with quaternary coatings having higher nanohardness than ternary ones.
Smoothness and some mechanical properties are better with Cr-based coatings. (articles B6, G7).
Optimization of the composition of the quaternary coatings results in an average nanohardness of
33 GPa and mechanical comparable to those of coatings deposited at temperatures above 200°C.
(B1,B4,B6) By annealing at 400 to 600°C, an increase in nanohardness and modulus of elasticity
is achieved while maintaining good adhesion and a low coefficient of friction. The results are
important for tools operating at elevated temperatures and in aggressive working environments.
Annealing at higher temperatures changes the roughness and morphology of the coatings due to
an increase in the size of the nanocrystals and the appearance of oxide phases. (BS) It is
concluded that CrTiAIN coatings are suitable for industrial applications that require high
hardness and resistance to plastic deformation, while CrTiN coatings - when there are
requirements of high strength and crack resistance. (G20)

e Optimal conditions are found for the deposition of a TiAIN based multilayer structure,
starting with a Ti layer, followed by two interlayers of TiN with a gradient and stoichiometric
composition, a gradient transition layer of TiAIN and a final layer of TiAIN with a constant
composition that is composed primarily of a cubic phase of (AITi)N, with a crystallite size of 44
nm. When deposited on high-speed steel and carbon tool steel at temperatures in the range 150-
200°C, very good adhesion and nanohardness of 38 GPa are achieved. (B10)

¢ A technology is developed for the deposition of multilayer structures of nanocrystalline
CrN/TiN layers on substrates from high-speed steel at 120-200 °C, covered by an adhesive Cr
layer and a layer of CrN with a gradient composition. (B7-B9) A nanohardness of 32 GPa is
achieved, which is comparable to that of a monolayer deposited at 350 — 400°C. The multilayer
coating has a very low coefficient of friction, improved resistance to plastic deformation, very
good corrosion resistance. The advantages of the multilayer structure are related to the presence
of many interfaces, which help dissipate defects and energy, and deflect cracks. The low
roughness of the surface of the structures is essential in medical implants because it directly
affects the friction, and the low coefficient of friction prolongs the life of the implants and
reduces the pain of the patients.

e A computer application is developed, including six models, which allows to predict the
qualities of the coatings studied in the CLAP. (B2) Predictions are made for the nanohardness of
triple and quaternary coatings, which are compared with experimental data. For most coatings,
the usage of Gaussian process regression gives the closest predictions. It is also demonstrated



that ellipsometric measurements in the spectral range of 50 meV —5 eV can be applied to
investigate physical properties of the investigated coatings. (B3)

In the publications included in indicator G7, Dr. V. Chitanov has contribution in
development of: (a) coatings including multilayer structures of periodically repeating nanolayers
(TiN/CrN, Ti/TiN/TiCrCN/(CrCN/TiCN)n) and Ti/TiN/AITiSiN/(AITiSiN/TiAISiN)n/AlTiSiN);
their hardness does not exceed 30 GPa, but a lifetime increase and an improvement in the quality
of processing with tools with such coatings is observed, which makes them interesting for
practical application (G5,G6,G8); (b) coatings based on multicomponent nanocomposites and
multilayer gradient nanocomposites, deposited at substrate temperatures above 200°C with
cathodic arc evaporation, unbalanced magnetron sputtering, pulsed laser deposition (G3); they
are superior to the coatings used in practice on metal cutting tools, dies, etc. (G1-G2,G4,G9); (c)
multilayer ohmic contacts to GaN/AlGaN/GaN heterostructures, which consist of metal
nanolayers of different thickness deposited by magnetron sputtering, electron beam and thermal
evaporation. (G14,G15,G17)

Main contributions under indicator G7:

¢ An in-depth study is made of compositionally gradient layers of TiAlSiN deposited by
cathodic arc evaporation, as well as of a multilayer gradient nanocomposite coating based on
TiAlSIN and consisting of gradient TiAISiN nanolayers and nanocomposite layers of TiAIN/SIN
(G10-G13). It is shown gradient layers of TiAlSiN have excellent adhesion to cemented tungsten
carbide, frequently used for cutting tools. After appropriate thermal treatment, their
nanohardness reaches 48 GPa, and the modulus of elasticity - 560 GPa, which is related to the
presence of AIN and TiN phases with a nanocrystal size of about 10 nm. Nanocomposite
coatings are less prone to pitting than TiN coating and can operate safely up to 900 C.

e [t is shown that TiAlSiN gradient layers have excellent adhesion to cemented tungsten
carbide that is commonly used for cutting tools. After appropriate heat treatment of these layers,
their elastic modulus and nanohardness reached 560 GPa and 48 GPa, respectively. This is
related to the presence of AIN and TiN phases with a nanocrystal size of about 10 nm.
Nanocomposite coatings can be safely operated up to 900°C as they oxidize more slowly and are
less prone to pitting than the TiN coating.

e Nanocomposite layers of AISiN deposited by cathodic arc evaporation are developed.
They show improved elastic tensile strength, very good resistance to plastic deformation and
elastic recovery, low coefficient of friction, good wear resistance and very high hardness (46
GPa), related to their microstructure; the nanocomposites consist of (AlSi)N nanograins
embedded in an amorphous matrix of Si3N4 (G4). Such layers are included in the newly created
CrAlSiN-AISiN nanocomposite coating with periodically modulated composition. In these
nanocomposites size below 10 nm of the CrN and AIN nanocrystals embedded in the amorphous
matrix of Si3Ny is achieved that results in an extremely high hardness of the coatings (up to 54
GPa) (G1, G2). Modulation of the composition results in high elastic resistance to damage and
resistance to plastic deformation. The coatings retain the combination of superhardness and
resistance to elastic stresses and plastic deformations up to 800 °C and are suitable for high
temperature applications.

e Multilayer ohmic contacts are applied to GaN/AlIGaN/GaN heterostructures which
contain Al (Ti/Al/Ti(Mo)/Au) or the aluminum is replaced by Mo, Ni or Pd (Ti/ Mo(Ni,Pd)/Au
and Ti/Mo(Ni,Pd)/Ti/Au). (D14,D15,D17) Important knowledge is obtained about their surface
morphology, chemical and phase composition, weight ratio of the layers, electrical properties.



Optimum annealing temperatures to ensure ohmic behavior and lowest resistance are found for
the contacts, together with valuable information about the elemental distribution in the films and
at the interfaces after annealing. It is concluded that Ti/Mo/Ti/Au and Ti/Ni/Ti/Au contacts are
very good alternatives to Al contacts.

The main research and development contributions of Dr. V. Chitanov can be regarded as:
(a) creation of new technologies for low-temperature deposition of hard and superhard coatings;
(b) proving by new means essential new aspects of already existing scientific problems and
obtaining of new and confirmatory facts (in all research); (c) contributions to implementation
and application of scientific achievements in practice (three practical applications proven by
documents and development of solid coatings with parameters exceeding those currently applied
in practice, a patent application).

Notes and recommendations

I have no questions and no essential critical remarks to the publications of Dr. V. Chitanov
participating in the competition. I recommend that when publishing results from ellipsometric
measurements, their usefulness for studying the physical properties of coatings should be more
clearly emphasized.

Conclusion

The assets submitted by Dr. V. Chitanov for the competition exceed the minimum national
requirements for occupying the academic position of "Associate Professor”, specified in the
Regulations to the Law on the development of the academic staff and the related requirements of
BAS and ISSP-BAS. They describe him as an actively working scientist with high qualification
and serious scientific and practical contributions who is capable of setting and directing research
tasks. His achievements are well known to the international scientific community, and some of
them have already found practical application or are close to it. This gives me reason to believe
that Dr. Chitanov is suitable for the academic position of "Associate Professor" according to the
announced competition.

I support the candidacy of Dr. Vasiliy Chitanov and recommend to the honorable Scientific
Jury to propose to the Scientific Council of ISSP Dr. Vasiliy Chitanov to be elected to the
academic position of "Associate Professor" in the Central Laboratory of Applied Physics at the
Bulgarian Academy of Sciences, professional direction 4.1. "Physical Sciences", scientific
specialty "Physics of Condensed Matter".

20.10.2023 Signature:
/Prof. Dr.Sci. D. Nesheva-Slavova/



