PELLEH3UA

NO KOHKYPC 33 3aeMaHe Ha akageMunyHaTa aabXKHocT “npodecop” obsseH ot UPTT-BAH B [1B
Nel3 o1 16.02.2021 r. B npodecnoHanHo HanpasneHue 4.1. ,dusnyeckn Haykn“ HayyHa
cneumanHoct ,Pur3nKa Ha KOHAEH3MpaHaTa maTepus”

Kangupar: Jumuntop 3axapmes AMMUTPOB, AOKTOP, AoueHT B UPTT-BAH

PeueH3eHT: HuKona leoprnes MannHoBckM, axH, npodecop 8 MOMT-BAH

1. O6wo onucaHue Ha NpeAcTaBeHUTe MmaTepuanm

(LlnTnpaHuTe no-aony nokasatenun u KBapTUan ca geduHmupaHm B MpaBUAHUKA 3@ NpunaraHe Ha
3PAC PB, MNpodecnoHanHo HanpasneHue 4.1, Tabanum 1 n 2)

B KOHKypca 3a aKag. ANbXKHOCT ,npodecop” 3a HyxaAuTe Ha nabopatopua ,PusnKa Ha
MaTepuannte uU Huckute Temnepatypun” kbm UPTT-BAH eauHcTBEeH KaHauMaaT e Aou. A-p
Anmntbp 3axapmes JMmMmuUTPOB.

MpeactaBeHUTe OT KaHAMAATA MATEPMANN MO KOHKYPCA BKAKOYBAT BCMYKM M3UCKBAHM Cnopes,
3PACPB 4OKyMEHTMH.

KanangatoeT gou. Aumutpos e aoKtop oT 1990 r. n goueHT ot 2013 r. B KOHKYpCa KaHAMAATHLT
yyactBa obwo ¢ 34 HayyHu nybavkaumm B pedepupaHn MexKAyHapoAHWM WU3[aHMA U ABa
naTeHTa, Kato 7 oT nybnuKauumTe ca OT XabuUnMTauMOHHMA TPy KbM NoKasaten B4 wn 27
nybavKaLmm 1 aBa NaTeHTa KbM NokasaTten 7. B xabunuTtaumoHHMA TpyA (Kbm nokasaten B4) ca
BKAOYEeHU 3 nybamkaumum ¢ keaptma Q1, 3 nybamkauumn ¢ Q2, n egHa cue SIR. MybaunkaymmTe
N3BBH XabUAUTALMOHHUA TPYA KbM nokasaTen 7 ca obwo 29. B pedepupanHm mexayHapoaHH
n3pgaHuAa ca 26 nybamkaumm, Braousawm 7 nybamkaumm c keaptun Ql, 3 ¢ kBaptun Q2, 4 ¢
KBapTnua Q4, n 11 nybamkaumm B cNnnUCaHmMA ¢ UMNaKT-paHr. Kbm npokasaten 7 ca BKAOYEHU WU
[1Ba NaTeHTa 1 egHa NybAMKaumMA B Mb/ieH TEKCT OT C6OPHUK Ha KoHpepeHuma. MybankaumuTe, ¢
KOUTO Ce KaHOMAATCTBA B KOHKYpCa 3a aKageMuyHaTa ANbXKHOCT ,npodecop”, ca usnesnm ot
neyat npe3 nepuoaa 2013-2021 r. BcMYKM Hay4yHM TpyaoBe, NpeacTaBeHM B NOKasaTenu B4 un
7, ca nybanKyBaHW cnep, 3alumMTaTa Ha AncepTaumaTa 3a ,40KTOp” M KOHKypCa 3a ,,40UeHT” U He
ca BKA4YeHn B 6asaTa gaHHM Ha HAUMZM, 33 nokpuBaHe Ha MWHMMANHUTE HALMOHANHMU
M3NCKBaAHMA 32 3aeMaHaTa oT 4-p AMMUTPOB aKaAeMUUYHA ANbKHOCT ,40LEHT”.

MpeactaBeH e cnUcbK ¢ 214 He3aBUCMMU LUTUPAHKUA. CNUCBKBT C AOKNAAU Ha KoHdepeHumm
BKAOYBA 68 poknaga (57 Ha mexayHapoAHW KOHdbepeHuuMM u cumnosymm u 11 Ha



HaLMOHaNHU, OT KOUTO 6 NAeHapHU 1 14 ycTHKU aoknaaa. dou. AuMnTpos e 6un/e pbroBoanUTeN
Ha 4 HauMOHAaNHM HAy4YHW NPOEKTa M Ha OBArapCKM eKUn B eAuH MeXKAyHapodeH HaydeH
NPOEeKT. MMa AoKa3aTenCcTBa 3a yyacTvMe B 4 Hay4HM MPOEKTa C MeXAyHapoAHO M/nUan cmeceHo
dMHAHCMpPaHe KaTo WMHPPACTPYKTYPHUAT npoekT Ha MPTT MHEPA (2013-2017 r.) no 7-ma
pamkoBa nporpama Ha EK, npoekta BGO5M20P001-1.001-0008 ,HaumoHaneH ueHTbp no
MeXaTPOoHMKa 1 Ynctn TexHonormmn® (2018-2023), EU HORIZON 2020 “Dissipationless topological
channels for information transfer and quantum metrology” TOCHA H2020-FETPROACT-01-2018,
Grant Agreement 824140 (2019-2023) KakTo 1 3a y4acTve B 7 npoeKkTa puHaHcMpaHu ot PoHpg,
»Hay4yHn nscnepsanma”. MpusnevyeHnTe cpeacTsa No NPOEKTU, PbKOBOAEHU OT Aol. AMMUTPOB
ca ~280 000 ns.

OT npeacTaBeHUTe OT KaHAMAATa Aou,. A-p AMMUTPOB MaTepManm N HaYKOMETPUYHM AaHHMU, C
KOWTO Ce KaHAMAATCTBA 33 aKaeMUYHa ANbKHOCT ,npodecop”’, npuemam 3a peLeHsnpaHe
cnegHUTE HayKOMETPUYHWN AaHHW:

MNokasaten A: [lnceptaumoHeH Tpya 3a npucbxkaaHe Ha OHC ,, nokTop“- 50 To4KM
Mokasarten B (4): XabunutaumnoHeH Tpya/nybavkaumm —145 Touku

Mokasarten I (o1 5 o 10): - 443 Touku (I 7 Hay4yHM NYOBAMKALMN U3BBH XaOUANTALNOHHUA TPYA, -
393 Touku, [ 9 M30bpeTeHne, NaTeHT UAM NoneseH moaen-50 TOUKM)

Mokasaren A: LUutnpaHua —214 Toukm,

Fpyna nokasarenu E (o1 12 ao 20): 345.8 To4KK

E14 YyacTve B HauMOHaNEH HAay4YeH UM obpa3oBaTeneH NPoekKT - 40 ToYKK

E15 Yyactue B meXayHapoaeH Hay4yeH uan obpasosBaTeneH NpoekT - 120 Touku
E16 PbKkoBOACTBO HA HaLMOHaNeH HayvyeH unn obpasosaTtesieH NpoeKT-80 TOUKM

E17 PbKoBOACTBO Ha Hb/ArapCKkusa €Knn B MeXAyHapoaeH Hay4yeH namn obpasoBaTesieH NpoeKT-
50 Touku

E18 lMpuBneyeHn cpeactsa No NPOEKTU, PbKOBOAEHWN OT KaHAMAATa-55.8 Touku

2. Nybaukauum npegu n cnep nosyyaBaHe Ha HayyHaTta cteneH. OueHKa ganu KaHaMAaTbLT
OTroBapa Ha MMHUMANIHUTE HAaUMOHA/HU U3UCKBAHUA U U3ucKkBaHuATa B 3PAC-UPTT cbraacHo
npunoxeHara Tabaumua.

3auwmTeHaTa npe3 1989 r. auceptauma Ha Tema "CUMHTE3 M M3c/edBaHe Ha Cpeau 3a ONnTUYeH
3anuc Ha MHopmauma" e HanncaHa Ha OCHOBaTa Ha 2 Ny6AMKaLMKM C UMNAKT daKTop.

CbrnacHo 6asaTta gaHHuM Ha HALUWL aktuBuTe 3a “goueHt” Ha pou. AumuTpoB obxBawat
nepuoga 1993-2013 r. Kbm rpyna b4 (xabunutaumoHeH Tpya) KaHAWAATbLT € BKAOYUA 4
nybanKkaumm B pedepupaHn mexayHapogHu nybavKaumm ¢ mmnakt dakrop. MybanKaumure



n3BBbH XabunntaymoHHaTa paboTa ca 06wo 8 ctatum B pedeprpaHm MmexAyHapOAHM CNUCAHMUA,
2 nybavkaumm B CNMCAHMA C MMNAKT pPaHK M 2 nateHTa. Mo nokasaten 11 Toukute OT
uMTUPaHMA ca 72. O6WnAT Bpoin Touku e 472.

MNpeacrageHnTe maTepuanm OT gou. A-p Aumutbp OMMAUTPOB M aHANU3MPaAHUTE no-rope
HAaYKOMETPMYHM MOKasaTeNn He MOBTApPAT HayyHUTe pes3yaTaTm U nyb6aMKauuu, BKAOYEHM B
AOKTOpPCKaTa gMcepTauma U NpM KOHKypCa 3a 3aemMaHe Ha akafeMW4YHaTa ASbXKHOCT ,,A0UeHT”.
BpoAT TOYKM NO noKasatenute oT Tabnauua 3 oTroBaps M AOPW HaABMLIABA 3HAYUTENHO
HaLUMOHANHUTE MMHUMANHM U3UCKBAHWUA 3a 3aeMaHe Ha akageMuyHa anbHocT "Mpodecop”,
3a710eHn B 3aKoHa 3a PasButuMe Ha AkagemunyHus CbctaB B PB (3PACPE) 1 npaBunHuKa 3a
HEeroBoTO NpuaaraHe, KakTo u Kputepmnte Ha NPTT-BAH.

3. O6wW,a XxapaKTepUCTMKA HA Hay4YHaTa, HAYYHO-NPUNOXKHATa U NeAarormyecka AemHOCT Ha
KaHAnAaTa;

HayyHaTa M Hay4yHO-NpPUNOXHATa AEMHOCT Ha KaHAuaaTta e B obnactra Ha ¢u3MKaTa Ha
KOHZEH3MpaHaTa maTepma U matepuanosHaHmeto. Jou. a-p Aumntbp AMMUTPOB € 3aBbpLlunn
XTMY, cneunanHoct TexXHONOrMM Ha CUAMKATUTE U CBbP3BALMTE BEWeCcTBa C YCMeLwHo
3awWwmTeHa gmnaomHa pabota 3a maructop npes 1981 r. MNMpes nepmnoga 1984 — 1988 r. e peaoseH
AOKTOpPaHT B XTMY, KbaeTo npe3 1989 r. 3awuTaBa aguceprauma 3a obpasoBaTtenHata M HayydHa
cteneH "pgoktop" Ha Tema "CuHTE3 U M3cnenBaHe Ha cpeam 3a ONTUYEH 3annc Ha nHbopmauma”
C HayyeH pbKoBoguTen npod. a-p MapuH MapuHoBs. HayuyHO M3cnegoBaTesickata AeNHOCT Ha
KaHauApaTa npoabmkasa nocnegosatenHo B HUMMUEC Exepronpoekt, XTMY, LU/TAPOMN-BAH,
UMUT, HUMOC. Cnepnga egHoroauiuHa (1994) cnea-nokTopcKa crneunanusauma B Institute of
Optics "Daza de Valdés" (10-CSIC) Magpua, Ncnauua. Jou,. AnmunutpoB e paboTu KaTo NnoKaHeH
noueHT B National Chiao Tung University (NCTU) n kato nscnegosaten B Industrial Technologies
Research Institute (ITRI) B TaliBaH B npoab/xeeHne obuwo Ha 11 rogmuHun. OT 2013 r., AUMUTBP
Onmutpos e goueHT B8 MOMT-BAH a ot 2016 r goueHT B UDTT-BAH.

HayyHuTe 1 Hay4yHO- NPUNOXKHU pe3ynTaTh Ha gou. JMmnTpoB ca npeacTtaBeHn Ha Hag, 120
MeXAYHaPOAHU N HAaLMOHAHU KOHbepeHUMn 1 cumnosnymm (1985-2021).

4. MNeparornyeckKarta ,qeﬁHOCT Ha KaHAWAATa OT HAYa/Z1I0TO HAa KapuepaTta my.

Hou. AvmunTtpoB e cb-pbKoBoaUTEN Ha 3 6akanasbp AnnaomaHTu ot HO3Y, 1 Ha 2 ycnewHo
3aWMTUAM MarucTbp gunaomantm (KO3Y u NCTU). B momeHTa e Cb-pbKOBOAMTEN Ha 3a[04€EH
AOKTOPaHT.



5. OcHOBHM Hay4YHU N HAYYHO-NPUNOXKHUN NPUHOCHU.

MpeAacTtaBeHaTa oT Aou. A-p AvumuTbp AmKTpoB NnoapobHa cnpaBKa 3@ HAayYHUTE U Hay4yHO-
NPUIOXKHUTE NPUHOCK MOXKe Aa bbae 0606LLeHa 1 rpynupaHa B 4 TemaTtuyHM 0b6nacTu cnopes,
n3cnenBaHUTE MaTepuanu n NPUNOXKEHNA KaKTo cneasa:

1. TemaTtnyHa obnacT: GyHKUMOHANIHM HAHOC/IOEBE U CTPYKTYPU

2. TemaTuyHa 0621acT: CUHTE3, U3CNeABaHEe U MPUNONKEHWNE HA ABY-ANMEHCUOHHM (2D)
maTtepuanu

3. TemaTuyHa 06/1aCT: MarHUTOKanopumyeH epeKkT B MOHOKPUCTA/IHWU MaTepuanu 1
NPUNOXKEHMA

4. TemaTtuyHa 061acT: MyNTUDYHKLMOHANHM MOHOKPUCTANHM MaTepuanm

OCHOBHM Hay4YHWU N HaYYHO-NPUNOXKHM NPUHOCK Ce XapaKTepm3npaT KaTo: Cb3gaBaHe Ha HOBMU
KnacuduKaumm, MeToan, U TEXHONOMMK; NONyYaBaHE U AOKA3BaHe HA HOBU GaKTW; NPUNOXKEHNE
Ha Hay4YHW NOCTUXKEHUA B NPAKTMKATA

®YHKUMOHANHU HaHOC/N0EeBe U CTPYKTypu: [Ipo3payHuTe NpPOBOAHUUM (enekTpoau) ca
CbLLECTBEHM €/IeMEeHTU B peauua ONTOENEeKTPOHHWU YCTPoMcTBa. Hali-yecTo M3NON3BaHUAT
npo3payeH MNPOBOAHUK - WMHAMN-KanaeHusaT okcua (ITO) nokasBa HeAoCTaTbUM 33 HAKOM
cneundUyYHM NPUNOKEHUA, BKAKOYUTEIHO HEAOCTaTbYyHA MeEXaHMYHA MbBKABOCT, HAapacCTBaLLM
pa3xoAmn U HEOBXOAMMOCT OT OTrpABaHe 3a NOCTUraHe Ha BUCOKa NpoBoaMmOocT. CiefoBaTenHo,
npes nocneAHUTe TrOAWMHW Ce U3BbPWBAT WHTEH3MBHU U3CNeAOoBaTe/NICKM  ycuama 3a
pa3paboTBaHe Ha Npo3payHm nposogHUumM 6es ITO.

HayyHo-u3cneposatencka npuMHocu: paspaboTeHn ca anTepHaTUBHM MaTepuanu OT NernpaH c
aNyMWHUIA UMHKOB okcug ZnO:Al nonydyeHn no metoga ALD (atomic layer deposition) n e
AEMOHCTPMpPaHA GYHKLUMOHANHOCTTA Ha Te3n GUAMM HAHeCeHM BbPXy TBLPAW, U TbBKABM
noanoxkm ot PET (nonyetuneHtepadTanaT) u caoga, v3nonssaikm ALD, KaTo Npo3payHu u
NPOBOAMMM eNeKTpoaMn. YCTAaHOBEHO €, Ye TbHKUTe duammu AZO (barpuna cbabpKalm rpynata
R-N=N-R’) npuTexkaBaT BUCOKa onTu4Ha nponyckamsocT BbB VIS n NIR cnekTpaneH AvManasoH u
€IeKTPUYECKN CBOMCTBA, KOHKYPEHTHM Ha Mpo3payHu enektpoau ot ITO (MHAMEBO KanaeH
okcua). AZO cnoeseTe, BbpXy MbBKaBWM MOAJIOXKM AEMOHCTPMPAT CTabunHoO nosegeHue Ha
e/leKTpuYecknuTe U onTMYHMTEe cBomcTBa nNpu Hag, 1000 umkbna Ha orbBaHe. lNoKasaHW ca
npunoxeHuna Ha ALD AZO KaTo npo3payvyHn NPpoOBOAMMM CNOEBE B AUCNAEN C TEYHWU KPUCTANN U
MbBKaBWM YycTpoicTBa Ha 6asa Ha PDLC (Polymer-Dispersed Liquid Crystals) ¢ AZO/PET.
@OyHKUMOHANHUTE NapameTpu 3a4BMKBALLO HaNpeXKeHUe N Bpeme 3a peakLma ca KOHKYPEHTHM
Ha Te3un Ha ycTpowncTtaTta ¢ ITO enektpogu. MNpospayHn n nposogmumm cnoese ot Al-nermpanu
ZnO (AZO) ca OTNOXKeHM 33 NbPBU NbT, A0 KOJKOTO € U3BECTHO, N BbPXY NPO3PaYHM U MbBKaBU
NOANOMKM OT MyckoBuTOBa catoga ¢ ALD. AZO dunmm Bbpxy Caoaa ca aganTupaHu KaTo
NPO3payYHN NPOBOAMMMU €N1EeKTPOAN B MbBKABM YCTPOMCTBA C MOJMMEPHO AMCNEPrupaH TeyeH
Kpuctan (PDLC). M3mepeHUTe enekTpPOONTUYHM XapaKTEPUCTUKM M BPEMETO 33 peaKkums Ha
YyCTPOMCTBATa pasKpuMBaT BMUCOKMA noTeHuMan Ha AZO-cnoga 3a 6Obaewm rbBKasu
ONTOENIEKTPOHHM NpuaoKeHua 6e3 nanonssaHe Ha ITO.



Pa3paboTBeHN Ca M WU3KAOYMTENHO MbBKaBM YCTPOMCTBa, usnonssawm PDLC u TiO,/Ag/TiO,
NPO3payYHN NPOBOANMMU GUIMM OTNOXKEHM YpPe3 MAarHeTPOHHO pasnpallaBaHe BbPXY NOANOMKKM
oT PET. ONTMMM3MPAH € TEXHONOTMYHUAT NPOLLEC 33 OT/1araHe Ha KoHourypaumaTa TiO,/Ag/TiO,
ocUrypsBall, Hak-406pMa KOMNPOMUC MeXAY NPONYCKAMBOCT, IMCTOBO CbnpoTuaeHue (Rsh) n
CNocobHOCT 3a orbBaHe. Pe3ynTaTute ca BaAMAMPAHMU Ypes3 YUCNeHU cuMynaumn. Ha ocHoBa Ha
onpeaeneHuTe napameTpu Ha cTpyKTypute TiO,/Ag/TiO,/PET ca HanpaBeHM 1 XapaKTepusmpaHu
YCTPOMCTBA - IbBKAaBW CBET/IMHHW KnanaHW. YCTAaHOBEHO € 4Ye CcToiHocTUTe Ha Rsh Ha
TiO,/Ag/TiO,/PET octaBaT HenpomeHeHM W cnen 1000 umMkbna Ha orbBaHe. M3mepeHuTe
CTOMHOCTM Ha 33a[BMKBALLO HaMpexeHMe W Bpeme 33 peakuuAa MOoKa3BaT 3HAYUTENHUAT
noteHuman Ha TiO,/Ag/TiO,/PET 3a wuHTerpauva B [IbBKaBM W pasTeranMeBM YCTPOWCTBA
(My6nmkaumm A1,A3,83,85,812,813,815,819,B21)

CuHTEe3, U3cneaBaHe U NPUNOXKEHUE Ha ABY-AUMEHCUMOHHMU (2D) maTepuanu

Pa3paboTeHn ca TEXHONOTMYHU peLenTn 33 KOHTPOIMPAH CUHTE3 HAa MOHOC/IOEH U MHOTOC/1I0eH
rpadeH uypes M3NON3BaHe Ha MeTOL 3a XMMMYECKO OTnaraHe oT rasoBa ¢asa (CVD).
EaHocnoitHuAT rpader e nonyyeH no CVD ¢ HUCKo HansraHe (LPCVD), a MHOrocnoMHUAT rpadeH
no CVD npu aTmocoepHo HanaraHe (APCVD). KayecTBoTo Ha rpadeHa u 6poaT Ha cnoeseTe ca
oueHeHM Yype3 PamMaHOB aHa/M3 U U3MEPBAHMA Ha ONTUYHATA NPOMNYCKANBOCT. PaspaboTeH e u
MeToJ, 33 KOHTPOAN Ha BpoAa Ha cnoeseTe rpadeH npu n3pacteaHeTo B CVD upe3 maHunyanpaHe
Ha reomeTpuATa Ha ra3oBMA NOTOK. M3N0N3BaMKM pPasnnyHUTE TeXHUKM Ha CVD n npomeHANKu
napameTpuTe Ha CUHTE3a, € Bb3MOMKHO Aa Ce KOHTpo/aupa H6poaT Ha rpadeHoBUTE cnoese U
CBbP3aHuTE C TAX CBOMCTBA.

N3cnepgBaHM ca CBOWCTBATa Ha CTPYKTypuTe rpadeH BbPXY UUKNO0-0/1ePUHOBU MNOAMMEPHMU
NOANOXKN (Zeonor) -C NOTEHUMANHO NPUIONKEHME 33 bbaeln rBKaBn THz eNeKTpPoonTUYHM
ycTpoiicTBa. bnarogapeHwe Ha HaHopasmepHaTa aebenvHa M BMCOKaTa NPOMYCKAMBOCT €
[eMOHCTpMpaHa GpYHKLMOHANHOCTTA Ha HOB K/1ac MPO3pPayHn U MbBKaBU eNneKkTpoamn oT rpadeH, B
TepaxepuoBus CNEKTLP.

AsyanmeHcnoHeH (2D) PtSe, e ycnewHo cMHTE3MpPaH Ype3 TEPMUYHO NOAMNOMOrHaAT NPoLEecC Ha
ceneHusmpaHe. CTPYKTYpHUTE U XMMUYHUTE XapPaKTEPUCTUKU MNOTBbP}KAaBaT CbCTaBa U
KPUCTA/SIHOTO KayecTBO Ha PtSe, (CcMAHO OpuMeHTMpaHa KpucTanHa CTPyKTypa). MonyyeHuTe
pe3ynTaTv No3BOAABAT AOMbJAHUTE/IHN HACOKK 33 NoAobpABaHe Ha TEXHO/IOTMATA HA OT/araHe,
32 Oa ce yNnecHM noaxoAbT 3a CUHTE3 Ha HAHOCTPYKTypa KbM nNpuUaoXKeHuAa Ha PtSe;
(Ny6nnkaumn B1,B2,B4,87,88,89,820,B23,B27)

MarHutoKkanopuueH epeKT B MOHOKPUCTAIHU MaTepUann U NPUNONKeHUA

M3cneaBaHM ca MaArHUTHUTE U MarHUTOKanopuyHuTe cBoictBa Ha RMnOs v RMn,0s
mynTudeponyHm moHokpuctanm (R=rare earth). YctaHoBeHO e Ye 1 B ABaTa Knaca matepuanu,
KOHKYPEHLMATA MeXAY PasNMYHUTE MArHUTHM OBMEHHM B3aMMOAENCTBMA, BKAOYBALLM Mns,
Mns" n Rs" nogpeletkuTe, BoAM A0 HAKOAKO $Ga30BM Npexoda KOUTO OBMKHOBEHO ce Cly4yBaT



noa 100K. Bbnpeku ToBa, camo MarHUTHMAT $a3oB Npexoj, CBbp3aH C NoapexaaHeto Ha Ri'
MarHUTHM MOMEHTU Npu TemnepaTypu obukHoBeHO nog 20K AonpuHaca 3a MarHMTOKaAopuyeH
edpekt (MCE). MNoseyeTo OT MOHOKpuctanute RMnO3 M RMn,0s npuTexkasaT rMUraHTCKa
AHU30TPONUA HA MArHUTOKANOPUYHUUA e(dEeKT, KOeTo O3Ha4yaBa, Ye AOMbJAHUTENHU TOMAUHHM
epeKkTn morat ga 6vAaT NONyYEHU U Ype3 POTUPAHETO MM MeEXAY TPyAHaTa U IeCHa NOCOKM B
NOCTOAHHU MArHUTHM noneta. ToBa OTBOPA NbTA 32 AM3ANH HA NO-KOMNAKTHWU, eDEeKTUBHU U
ONPOCTEHN MArHUTOKANIOPUYHK YCTPOMCTBA. YcTaHOBEHO e Ye MCE morke aa 6bae perynmpaH ot
€/1eKTPUYECKO MoJsie Ype3 MaHUNynmMpaHe Ha bepoenekKTpUYHOTO noaperkaaHe. Bcuuknm tesm
XaPaKTEPUCTUKM KOMOWMHUPAHU C M30/TALMOHHUA XapaKTep, KAaKTO M C BMCOKATA XMMUYECKa
cTabunHocT (B cpaBHeHWe ¢ MHTepmeTanute) npasaT RMnOs u RMn,0s myntudepounumTte no-
npuBaeKaTeNHn 0cobeHOo 3a KPMO MArHUTHOKANIOPUYHW OXNTagUTeNN.

MpwunaraHeTo Ha AOCTAaTbYHO BWMCOKUM MATHUTHKM MOJETa NO OCTA Ha JIeCHO HaMarHuTBaHe
No3BO/IsSIBA FO/IeMU TOMJIMHHU eDEKTU, KOUTO Ce FreHepupaT OKON0 ToYKaTa Ha noApeXkaaHe Ha
peakosemHuTe enemeHTM (~ 10 K). YCTaHOBEHO € Ye B HAKOWU CbeAMHEHUS KaTO OPTOPOMBUYHM
MOHoKpuctanm DyMnOs u TbMn,Os, 3a nocturane Ha ronam MCE ca HeobxoaMmn OTHOCUTENHO
HUCKWU MarHUTHM noneTa. ToBa e OT roNAMO 3HaYeHNE OT MKOHOMMUYECKN U NPAKTUYECKN TeaHun
TOYKU, TbA KaTo HeobxoAMMUTE NosIeTa MoraT Aia 6bAaT OCUIyPEeHM OT NOCTOAHHN MarHuTH.

lMoKasaHo e, ye XeKcaroHanHWUTe MOHOKpuUcTanu ErMnOs; npuTeKasaT FMraHTCKM BbpTAL, ce
MarHuToKkanopuyeH edekT, KOUTO Moxe Aa 6bae nosyyeH Ype3 BbPTEHETO UM B MOCTOAHHMU
MarHUTHWU NoJsieTa OKON0 OCUTe a UK b. FeHepPUPAHUAT aHM3OTPONEH TeEpMUYEH ePEeKT € OKONO
3 MbTU NO-rONAM OT TO3M, NPOABEH OT XeKcaroHanHMA MoHoKkpuctan HoMnOs. YcTaHOBeHO e e
nogobpABaHeTO HA BbLPTAWMA C€ MArHUTOKaNopuyeH edeKT B XEeKCAarOHa/HOTO CbeAuHEeHue
ErMnOs; npou3TMya OT YHUKaNHUTE XapaKTepucTMku Ha Er3’ marHuTHata noapeluetka.
HabnopgasaHata aHM30TPONMA HA MArHUTOKANOPUYHUA e(deKT ce yBenrMyaBa MaKCMMANHO
MeXay € 1 ab-NOCoKMTe, KOETO BOAM A0 MMIraHTCKMU BbPTALL, CE€ MAarHUTOKANOPUYEH edeKT.

N3cnepBaHM ca MArHUTHUTE U MArHUTOKANOPUYHUTE CBOMCTBA HA MOHOKpuUcTann ot ThVO,.
demoHcTpupaHo e, 4ye TbVO, moxKe ga ce WM3N0A3Ba KAaTO MarHUTEH XAaAu/ieH areHT B
edeKTUBHMN N eKONIOTUYHM KPMOOXNaauTenn nopagu CUAHMUA CU MAarHUTOKanopuyeH edpekt npu
HUCKOoTemnepaTypeH pexum. lNpunaraHeTo Ha OTHOCUTE/IHO HUCKO MarHWTHO nose ot 2T no
OCTa Ha /IecHa MarHeTu3auma (a) BoAM 4O MAKCMMasHa NPOMAHA HA eHTPonuATa OT okoso 20
J/kg K npu 4 K. MNpu npunaraHe Ha [OCTaTbYHO CUAHM MArHUTHW NoO/NeTa, M30TEPMMUYHATA
NPOMAHA HA EHTpPOMMATa, OcCTaBa NpuMOAU3UTENHO NOCTOAHHA B LWMPOK TemnepaTypeH
OManasoH, KOEeTO Ce OLUEeHABA BMCOKO OT MpaKTUYecKa rnefHa Touyka. [pu npunaraHe Ha
MarHuMTHO none ot 7T No ocTa a, U3oTepMMUYHaATa NPOMAHA Ha EHTPOMNUATA, OCTaBa NPAKTUYECKM
KOHCTaHTHa mexay 0 n 34 K, koeTo Boan Ao pekopaeH TbVO, KanauuTeT Ha X1agUNeH areHT ot
okono 823 J/kg B cpaBHeHMe C Hal-obellaBamTe MArHUTOKAZIOPUYHU OKCcuAauM paboTelum B
noaobeH TemnepaTypeH uHtepsan (Mybankaummn A2,A7,811,814,816,817,818)



MynTMdYHKUMOHANHU MOHOKPUCTAZIHU MaTepuanm

MoHokpuctanute LuVO, npepcrtasBnasBaT MHTepec KaTo nasepHa cpeja nopagu LMpokaTa
4eCcTOTHa JIeHTa, NO-rONAMOTO HAaMPeYHO ceyeHne Ha abcopbumsa- okono 800 nm 1 NO-roNAMOTO
HanpeyHo ceyeHne Ha emucua npu 1,064 um B CpaBHEHWE C Te3uW Ha APYrn BaHAAATHMU
Kpuctann. Te3n XapaKTepUCTUKU Ca MU3KNKUYUTENHO KenaTenHW 3a TBbPAOTeNHW nasepu C
AVNOAHO HanommnBaHe, TbM KATO MNPaBAT Bb3MOXKHO MOCTUFAHETO Ha BUCOKOEPEKTUBHO
HanomnBaHe M peannM3npaHeTo Ha NasepHa GYHKUMA C HUCHK Npar U € BUCOKA ONTUYHO-ONTUYHA
edpekTMBHOCT. CMHTE3MPaAHM Ca TrONeMMu NO pasmep BUCOKOKAYeCcTBEHU MOHOKpucTanu LuVO,
ypes MeToZ Ha M3pacTBaHe OT BWUCOKoTemnepaTypHu pastBopu (High Temperature
Solutions/flux growth). MoHOKpuCcTannTe ca € BMCOKA OMNTMYHA MPO3PAYHOCT B CNEKTPA/HMUA
nHtepsan 500-3000 nm n BMCOKOKayeCcTBEHaA KpUCTasiHa CTPYKTypa. ONTUYHOTO KayecTBO Ha
KpUCTana e OLeHeHO 4pe3 CNeKTPOCKOMNCKa enuncomeTpua. bnarogapeHue Ha A0CTaTbyHO
ronemua pasmep Ha Kpuctanute, AByabyenpeyynsawara aucnepcua Ha LuvVO, e onpegeneHa B
WMPOK cnekTpaneH nHtepsan -ot UV go 6amnskarta IR obnact. KpuctansbT noKkassa no-BUCOKO OT
+0,2 pABOMHO sbyenpedvynsaHe (no-gobpo oT TOBa Ha Kanuuta). [onyyeHO € MbAHO
pa3snpeaeneHne Ha BCUYKMTe 12 pamaHoBM akTMBHM GOHOHM Ha LUuVO, OoT NbpBuM pea.

Ypes nonapusaumoHHa PamaHoBa cneKktpockonua Ha CaMn,04, MOHOKpUCTaNU ca onpeaeneHun
HeaBYCMUC/AEHO cUMeTpuuTe Ha mogoseTe. BCUUKKM, € U3KAKOYEHWEe Ha ABa OT O4YaKBaHuUTe
Raman-akTMBHU BMOpPaLMOHHM MOAOBE, Ca UAEHTUOULMPAHU U aCOUMUPAHN C OnpeneneHu
aTOMHUW ABUXEHMA MPU CpaBHEHUe C NPOrHo3uTe OT peleTbyHUTE AUHAMUYHWU U3UYUCNEHUA
(LDC). HanpaBeHW ca TemnepaTypHO-3aBUCMMM WM3MepPBaHUA Ha PamaH M e ycTaHOBEHO
3HAUUTE/IHO OMEKOTABAaHe Ha u4ecToTaTa Ha HAKOM OT PamaH akTuBHUTE mogoBe nof,
TemnepaTtypaTa Ha aHTUdEepPOMarHUTHUA npexoa. KonmyectBeHO e NOTBBbPAEHO Y€ MEXaHM3MbBT
Ha GOHOHHOTO OMeKoTABaHe nog Ty e nogobeH Ha To3M B HenernpaHutTe Mn NepoBCKUTHM KaTo €
M3MON3BaH NOAXOAA Ha MONEKynApHuMAa opbutaneH aumep 3a B3aMMOLEWCTBMATA Ha
cynepobmeHa B CaMn;0;,.

Kpuctann Ha 3D TONONOrMYHM M30/MaTOPU Ca NOAyYeHW 4ype3 moauduuMpaHa TEXHUKA Ha
bpunaxmaH. Kpuctanurte ca ¢ BUCOKO KadyecTBO, NOTBLPAEHO OT namepBaHmATa Ha XRD n Raman
cnekTpockonuA. CpaBHEHM ca YecToTUTE Ha BMOPALMOHHUTE PEXMMWU B PA3IUYHUTE NPO6U U
TEXHUTE M3MECTBAaHUA B 3aBMCUMOCT OT MPOMEHUTE B CTEXMOMETPMATA M CbCTaBa, KAaKTO M OT
aHaNM3MpaHUsA NapameTbp Ha pelleTkata. B cmeceHuTe Kpuctanm ce HabnogaBaT KaKTo
e4HOMOA0BO, TaKa M ABYMOAOBO nosedeHue. U3cneaBaHMATa Ha BapuMpPaHETO Ha TexHuTe
MEXaHMYHM U eIEKTPOHHM CBOMCTBA CbC CbCTaBa M KOHLEHTPALMATA HA JIETUPALLUTE e/IEMEHTH
Ca U3KNOYMTENHO BaXKHU 33 ObaeLmTe UM NPUNOKEHUS.

MocturHaTto e p[o0b6po uWHTepnpeTUpaHe Ha MaArHUTHUTE CBOMCTBA 4pe3 Wu3cneaBaHe ¢
MOHOKPUCTAZIHA HEYTPOHHA AUDPAKUMA HA MArHUTHaATa CTPYKTypa Ha MyNTUHEpPOMYHOTO
cbeamHeHne YbMnOs, B Hyn€BO Nose 1 NpyM MarHUTHO NoJie, NPUIOXKEHO MO OCTa C.

N3cnepBaHu ca epektute oT nermpaHeTto Ha BTO ¢ Ru n Rh Bbpxy o6pa3yBaHETO HA CTPYKTYPHM
AedekTM B KpucCTanuTe UM Bbpxy OanaHca mexay 6nuM3Ko- M ganeko-gencrsawmre



B3aMMOAENCTBUA B TAX U € YCTAaHOBEHO MPOTUBOMOJIOXKHO BAMAHME Ha Ru, AbaXawo ce Ha
pa3/IMYHO HEroBo pasnpeaeneHne Mo CcTeneH Ha okcuaupaHe. (Mybnukaumm A4,
A5,A6,86,810,822,B24)

6. OTpaxeHMe Ha HayyHuTe nybaAMKauMmM Ha KaHgMpaTta B HawaTta M UYyXKAeCTpaHHa
nvTepartypa

(no HeroBu paHHM):

Jou. OumuTpoB e cbaBTop Ha noseve oT 90 nybamkauum (55 ¢ MMNakT GaKTop UAN MMMAKT
paHr) c Hag 530 3abenA3aHM HE3aBUCUMU UMTUPAHUA M XMpLW UHAEKC 12.

KaHanaaTwT e npeacTaBua M3BaAKa OT Hal-CbLECTBEHN LUTATHU.

7. Mpu KONeKTUBHU Ny6nMKauuM Aa ce oTAeNU NPUHOCHLT Ha KaHAuAaTa, a Npu CUrHan 3a
NNarnaTcTBo Aa ce Aaje CTaHOBULLE OTHOCHO HaZiMYMETO UAM iMncaTa Ha naaruatcreo (3PAC
PB, un.10 (2)).

Bcuukm nybanKkauum Ha gou. AMMUTPOB ca B CbaBTOPCTBO. BbB BCUYKM nybauKauuu ot
XabUNUTaUMOHHMNA TPYA € NbPBM aBTOP, KOPECMOHAMPALL, aBTOP UM CbLLECTBEHUAT My NPUHOC
e yOoCTOBepeH OT KopecnoHAMpaluMa aBTop. 3aToBa MpuMemam MnpuHOCa Ha KaHauaata 3a
CbLUECTBEH.

8. KpMTW—IHM 6enexKKu Ha peueH3eHTa No npeacTaBeHUTe Tpyaose, BKZIIOYUTENTHO U NO
AnNTepaTtypHaTta oCcBegOoMeHOCT Ha KaHauaaTta.

Hamam

9. MotuBMpaHo 1 ACHO GOPMYSINPAHO 3aKNKOYEHUEe

Ha 6as3ata Ha ropeusnoxkeHoto ybeaeHO npegnaram Aa ce NpUCbAM akafemuyHaTa CTeneH
»,nNpodecop” Ha KaHANAaTa gou. A-p AMmuTbp AMMUTPOB.

[ata 15.06.2021 PeueH3eHT:

Codwmsa npod.axH H. MannHoBCKM



REVIEW

on competition for the occupation of the academic position " Professor" in the professional field
4.1. “Physical Sciences”, scientific specialty "Condensed Matter Physics" for the needs of the
"Materials and Low Temperature Physics Laboratory" ISSP -BAS, announced in SG No13/
16.02.2021.

Candidate: Dimitre Zahariev Dimitrov, Ph.D. Associate Professor at the Institute of Solid State
Physics - BAS.

Reviewer: Nikola Malinowski, Professor, Doctor of Chemical Sciences, Institute of Optical
Materials and Technologies — BAS

1. General description of the presented materials

In the competition for the academic position of "Professor", for the needs of the "Materials and
Low Temperature Physics Laboratory"” at IFTT-BAS, the only candidate is Assoc. Prof. Dr. Dimitre
Zahariev Dimitrov. The competition materials submitted by the applicant include all the
documents required by the ZRASRB.

The candidate Assoc. Prof. Dimitrov has been a doctor since 1990 and associate professor since
2013. The candidate participates in the competition with a total of 34 scientific publications in
referenced international journals and two patents, 7 of the publications are from the
habilitation thesis to indicator B4 and 27 publications and two patents to indicator G7. The
habilitation work (to indicator B4) includes 3 publications with quartile Q1, 3 publications with
Q2, and one with SJR. A total of 29 publications outside the habilitation work for indicator G7
are included. There are 26 publications in referenced international journals, including 7
publications with quartile Q1, 3 with quartile Q2, 4 with quartile Q4, and 11 publications in
impact-rated journals. The G7 also includes two patents and one full-text publication from
conference proceeding. The publications with which he applied for the competition for the
academic position of "professor" were published in the period 2013-2021. All scientific papers
presented in indicators B4 and G7 were published after the defense of the dissertation for
"doctor" and the competition for "Associate Professor" and are not included in the NACID
database to cover the minimum national requirements for the academic position of "Associate
Professor" held by Dr. Dimitrov.

A list of 214 independent citations is presented. The list of conference papers includes 68
papers (57 at international conferences and symposia and 11 at national ones, of which 6
plenary and 14 oral presentations. Assoc. Prof. Dimitrov was/is the leader of 4 national research
projects and a Bulgarian team in an international scientific project. There are evidences for
participation in 4 research projects with international and/or mixed funding such as the
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infrastructure project of ISSP INERA (2013-2017) under the 7th Framework Program of the EC,
the project BGO5M20P001-1.001-0008 "National Center for Mechatronics and Clean
technologies ”(2018-2023), EU HORIZON 2020 “Dissipationless topological channels for
information transfer and quantum metrology” TOCHA H2020-FETPROACT-01-2018, Grant
Agreement 824140 (2019-2023) as well as for participation in 7 projects financed by the
National Science Fund “BNSF". The attracted funds for projects led by Assoc. Prof. Dimitrov are
~280 000 BGN. From the materials and scientometric data presented by the candidate Assoc.
Prof. Dr. Dimitrov, with which he applies for the academic position of "professor", | accept for
review the following scientometric data:

Indicator A: Dissertation work for awarding ONS "Doctor" - 50 points
Indicator B (4): Habilitation work/publications —145 points

Indicator D (from 5 to 10): - 443 points (D 7 scientific publications outside the habilitation work -
393 points, D 9 invention, patent or utility model - 50 points)

Indicator E: Citations -214 points,

Indicator group E (from 12 to 20): 345.8 points

E14 Participation in a national scientific or educational project - 40 points

E15 Participation in an international scientific or educational project - 120 points
E16 Head (PI) of a national scientific or educational project - 80 points

E17 Management of the Bulgarian team in an international scientific or educational project - 50
points

E18 Attracted funds for projects managed by the applicant - 55.8 points

2. Publications before and after obtaining the scientific degree. Assessment of whether the
applicant meets the minimum national requirements and the requirements of the IAS-IFTT
according to the attached table.

The dissertation defended in 1989 on the topic "Synthesis and research of media for optical
recording of information" was written on the basis of 2 publications with impact factor.

According to the NACID database, the assets for “Associate Professor” of Assoc. Prof. Dimitrov
cover the period 1993-2013. For group B4 (habilitation thesis) the candidate has included 4
publications in referenced international publications with impact factor. The publications
outside the habilitation work are a total of 8 articles in refereed international journals, 2
publications in impact rank journals and 2 patents. According to indicator D11, the points from
the cited are 72. The total number of points is 472. The materials presented by Assoc. Prof. Dr.
Dimitre Dimitrov and the scientometric indicators analyzed above do not repeat the scientific
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results and publications included in the doctoral dissertation and in the competition for the
academic position of "Associate Professor". The number of points on the indicators in Table 3
meets and even significantly exceeds the national minimum requirements for holding the
academic position "Professor", set in the Law for Development of the Academic Staff in the
Republic of Bulgaria (RASRB) and the regulations for its implementation, as well as the criteria of
IFTT-BAS.

3. General characteristics of the scientific, applied- scientific and pedagogical activity of the
candidate;

The scientific and scientific-applied activity of the candidate is in the field of condensed matter
physics and materials science. Assoc. Prof. Dr. Dimitre Dimitrov graduated from UCTM, specialty
Technologies of silicates and binders with a successfully defended master's thesis in 1981.
During the period 1984 - 1988 he was a full-time doctoral student at UCTM, where in 1989 he
defended his dissertation for the educational and scientific degree "Doctor" on the topic
"Synthesis and research of media for optical recording of information" with scientific supervisor
Prof. Dr. Marin Marinov. The research activity of the candidate continues consecutively in
NIPPIES Energoproekt, UCTM, CLAFOP-BAS, CIIT, NIMOS. He followed a one-year (1994) post-
doctoral specialization at the Institute of Optics "Daza de Valdés" (I0-CSIC) Madrid, Spain. Assoc.
Prof. Dimitrov has worked as an Associate Professor at the National Chiao Tung University
(NCTU) and as a researcher at the Industrial Technologies Research Institute (ITRI) in Taiwan for
a total of 11 years. Since 2013, Dimitre Dimitrov has been an associate professor at IOMT-BAS
and since 2016 an associate professor at IFTT-BAS.

The scientific and scientific-applied results of Assoc. Prof. Dimitrov have been presented at over
120 international and national conferences and symposia (1985-2021).

4. The pedagogical activity of the candidate from the beginning of his career.

Assoc. Prof. Dimitrov is the co-supervisor of 3 bachelor graduates from SWU, and of 2
successfully defended master graduates (SWU and NCTU). He is currently co-supervisor of a
part-time doctoral student.

5. Main scientific and applied scientific contributions.

The detailed reference presented by Assoc. Prof. Dr. Dimitre Dimitrov for the scientific and
scientific-applied contributions can be summarized and grouped in 4 thematic areas according
to the studied materials and applications as follows:

1. Thematic area: functional nanolayers and structures



2. Thematic area: synthesis, research and application of two-dimensional (2D) materials
3. Thematic area: magnetocaloric effect in single crystal materials and applications
4. Thematic area: multifunctional single crystal materials

Major scientific and applied scientific achievements are characterized as: creation of new
classifications, methods, and technologies; -receiving and proving new facts; application of
scientific achievements in practice.

Functional nanolayers and structures: Transparent conductors (electrodes) are essential
elements in a number of optoelectronic devices. The most commonly used transparent
conductor, indium tin oxide (ITO), shows disadvantages for some specific applications, including
poor mechanical flexibility, rising costs, and the need for annealing to achieve high conductivity.
Therefore, in recent years, intensive research efforts have been made to develop transparent
wires without ITO.

Research contributions: alternative materials made of aluminum zinc oxide ZnQO: Al obtained by
the ALD (atomic layer deposition) method have been developed and the functionality of these
films applied on rigid and flexible substrates of PET (semi-ethylene terephthalate) and mica has
been demonstrated using ALD, as transparent and conductive electrodes. It was found that the
thin films AZO (dyes containing the group R-N = N-R ') have high optical transmittance in the VIS
and NIR spectral range and electrical properties competitive with transparent electrodes of ITO
(indium tin oxide). AZO layers on flexible substrates demonstrate stable electrical and optical
properties with over 1000 bending cycles. Applications of ALD AZO as transparent conductive
layers in a liquid crystal display and flexible devices based on PDLC (Polymer-Dispersed Liquid
Crystals) with AZO/PET are shown. The functional parameters drive voltage and response time
are competitive with those of devices with ITO electrodes. Transparent and conductive layers of
Al-doped ZnO (AZO) were deposited for the first time, as far as is known, on transparent and
flexible substrates of muscovite mica with ALD. AZO films on mica are adapted as transparent
conductive electrodes in flexible devices with polymer dispersed liquid crystal (PDLC). The
measured electro-optical characteristics and response times of the devices reveal the high
potential of AZO-mica for future flexible optoelectronic applications without the use of ITO.

Extremely flexible devices using PDLC and TiO,/Ag/TiO, transparent conductive films deposited
by magnetron sputtering on PET substrates have also been developed. The technological
process for delaying the TiO,/Ag/TiO, configuration has been optimized, providing the best
compromise between permeability, sheet resistance (Rsh) and bending ability. The results were
validated by numerical simulations. Based on the defined parameters of the TiO,/Ag/TiO,/PET
structures, several devices are made and characterized - flexible light valves. It was found that
the Rsh values of TiO,/Ag/TiO,/PET remain unchanged even after 1000 bending cycles. The
measured values of drive voltage and response time show the significant potential of
TiO,/Ag/TiO,/PET for integration in flexible and extensible devices (Publications A1, A3, B3, B5,
B12, B13, B15, B19, B21)



Synthesis, research and application of two-dimensional (2D) materials

Technological recipes have been developed for the controlled synthesis of monolayer and
multilayer graphene using the chemical phase deposition (CVD) method. Single-layer graphene
was obtained by low-pressure CVD (LPCVD) and multilayer graphene by atmospheric pressure
CVD (APCVD). The quality of graphene and the number of layers were evaluated by Raman
analysis and optical permeability measurements. A method for controlling the number of
graphene layers during growth in CVD by manipulating the gas flow geometry has also been
developed. Using different CVD techniques and changing the synthesis parameters, it is possible
to control the number of graphene layers and their related properties.

The properties of graphene structures on cyclo-olefin polymer substrates (Zeonor) have been
studied - with potential application for future flexible THz electro-optical devices. Thanks to the
nanoscale thickness and high permeability, the functionality of a new class of transparent and
flexible graphene electrodes in the terahertz spectrum has been demonstrated.

Two-dimensional (2D) PtSe, has been successfully synthesized through a thermally assisted
selenization process. The structural and chemical characteristics confirm the composition and
crystal quality of PtSe, (strongly oriented crystal structure). The obtained results allow
additional guidelines for improving the deposition technology in order to facilitate the approach
for nanostructure synthesis to PtSe, applications (Publications B1, B2, B4, B7, B8, B9, B20, B23,
B27).

Magnetocaloric effect in single crystal materials and applications

The magnetic and magnetocaloric properties of RMnOs; and RMn,0s multiferroic single crystals
(R = rare earth) were studied. It has been found that in both classes of materials, competition
between different magnetic exchange interactions, including Mns*, Mn," and R3" sublattices,
leads to several phase transitions that usually occur below 100K. However, only the magnetic
phase transition associated with the arrangement of R3" magnetic moments at temperatures
usually below 20K contributes to the magnetocaloric effect (MCE). Most of the RMnOs and
RMn,0s single crystals have a giant anisotropy of the magnetocaloric effect, which means that
additional thermal effects can also be obtained by rotating them between the difficult and easy
directions in constant magnetic fields. This paves the way for the design of more compact,
efficient and simple magnetocaloric devices. It has been found that MCE can be regulated by an
electric field by manipulating the ferroelectric arrangement. All these characteristics combined
with the insulating character as well as with the high chemical stability (compared to
intermetals) make the RMnO3; and RMn,0s multiferroics more attractive especially for cryo
magnetocaloric refrigerants.



The application of sufficiently high magnetic fields along the axis of easy magnetization allows
large thermal effects that are generated around the point of arrangement of the rare earth
elements (~ 10 K). It has been found that in some compounds, such as orthorhombic single
crystals DyMnO3 and TbMn,0s, relatively low magnetic fields are required to achieve a large
MCE. This is of great importance from an economic and practical point of view, as the required
fields can be provided by permanent magnets.

Hexagonal ErMnQ3 single crystals have been shown to possess a giant rotating magnetocaloric
effect, which can be obtained by rotating them in constant magnetic fields around the a or b
axes. The generated anisotropic thermal effect is about 3 times greater than that exhibited by
the hexagonal HoOMnOs; single crystal. It has been found that the improvement of the rotating
magnetocaloric effect in the hexagonal ErMnOs; compound results from the unique
characteristics of the Ers* magnetic sublattice. The observed anisotropy of the magnetocaloric
effect increases maximally between the c and ab directions, leading to a giant rotating
magnetocaloric effect.

The magnetic and magnetocaloric properties of TbVO, single crystals were studied. It has been
demonstrated that TbVO, can be used as a magnetic refrigerant in efficient and environmentally
friendly cryo-coolers due to its strong magnetocaloric effect at low temperatures. The
application of a relatively low magnetic field of 2T along the axis of easy magnetization (a)
results in a maximum entropy change of about 20 J/kgK at 4 K. When sufficiently strong
magnetic fields are applied, the isothermal entropy change remains approximately constant in
wide temperature range, which is highly valued from a practical point of view. When a magnetic
field of 7T is applied along the axis a, the isothermal change of entropy remains practically
constant between 0 and 34 K, which leads to a record TbVO, refrigerant capacity of about 823
J/kg compared to the most promising magnetocaloric oxides operating in similar temperature
range (Publications A2, A7, B11, B14, B16, B17, B18)

Multifunctional single crystal materials

LuVO, single crystals are of interest as a laser medium due to the wide frequency band, the
larger absorption cross section - about 800 nm and the larger emission cross section at 1,064
um compared to those of other vanadate crystals. These characteristics are highly desirable for
solid state lasers with diode pumping, as they make it possible to achieve high-efficiency
pumping and the realization of a laser function with a low threshold and high optical-optical
efficiency. Large, high-quality LuVO, single crystals were synthesized by the High Temperature
Solutions / flux growth method. The single crystals have high optical transparency in the
spectral range 500-3000 nm and a high quality crystal structure. The optical quality of the crystal
was assessed by spectroscopic ellipsometry. Due to the large enough crystal size, the
birefringent dispersion of LuVO, is determined in a wide spectral range - from UV to the near IR



region. The crystal shows higher than +0.2 birefringence (better than that of calcite). A complete
distribution of all 12 Raman active first-order phonons of LuvO, was obtained.

By polarization Raman spectroscopy of CaMn,0,4 single crystal crystals unambiguously
determined the symmetries of the modes. All but two of the expected Raman-active vibrational
modes have been identified and associated with certain atomic motions compared to
predictions from lattice dynamic calculations (LDC). Temperature-dependent Raman
measurements were made and a significant attenuation of the frequency of some of the Raman
active modes was found below the antiferromagnetic transition temperature. It has been
guantitatively confirmed that the mechanism of phonon softening under TN is similar to that in
undoped Mn perovskites using the molecular orbital dimer approach for superexchange
interactions in CaMn,0a.

Crystals of 3D topological insulators were obtained by a modified Bridgman technique. The
crystals are of high quality, confirmed by XRD and Raman spectroscopy measurements. The
frequencies of the vibration regimes in the different samples and their displacements depending
on the changes in the stoichiometry and composition, as well as on the analyzed lattice
parameter are compared. Both single-mode and two-mode behaviors are observed in mixed
crystals. Studies of the variation of their mechanical and electronic properties with the
composition and concentration of alloying elements are extremely important for their future
applications.

Plausible interpretation of the magnetic properties was achieved by a single crystal neutron
diffraction study of the magnetic structure of the multiferroic compound YbMnQs, in the zero
field and in the magnetic field applied along the c axis.

The effects of doping BTO with Ru and Rh on the formation of structural defects in crystals and
on the balance between near- and far-acting interactions in them have been studied and the
opposite effect of Ru due to its different distribution by oxidation state has been established.
(Publications A4, A5, A6, B6, B10, B22, B24)

6. Reflection of the candidate's scientific publications in our and foreign literature (according
to his data):

Assoc. Prof. Dimitrov is a co-author of more than 90 publications (55 with impact factor or
impact rank) with over 530 observed independent citations and Hirsch index 12.

The candidate presented samples of the most significant quotations.



7. In case of collective publications to separate the contribution of the candidate, and in case
of a signal for plagiarism to give an opinion on the presence or absence of plagiarism (ZRAS
RB, art. 10 (2)).

All publications of Assoc. Prof. Dimitrov are co-authored. In all publications of the habilitation
work is the first author, corresponding author or his significant contribution is certified by the
corresponding author. That is why | accept the candidate's contribution as significant.

8. Critical remarks of the reviewer on the submitted works, including on the literary
awareness of the candidate.

| don't have one

9. Reasoned and clearly formulated conclusion

Based on the above, | strongly suggest that the academic degree "Professor" be awarded to the
candidate Assoc. Prof. Dr. Dimitre Dimitrov.

Date:15.06.2021 Reviewer:

Sofia Prof. N. Malinowski



