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OO0ma xapakTepucTHKA HA NPeACTABEHNTE MaTePHaJIN

EnvHCTBEH KaHAMIAT B KOHKypca 3a akad. UIBKHOCT ,Jpodecop” 3a HyKIUTe Ha
naboparopus ,,Ousuka Ha MarepuanuTe U HEUCkUTe Temmeparypu kbM UDTT-BAH e mou. a-p
Jumutsp 3axapueB JumutpoB. KanauaatsT € npeacTaBuil BCHUYKA HEOOXOAUMHU JIOKYMEHTH 3a
ydacTue B KOHKypca , U3HUCKBaHH ChriacHo [IpaBuiiHuKa 3a yCIIOBUSATA U peia 3a Mpu100uBaHe Ha
Hay4yHHM CTENEHHM U 3a 3a€MaHE Ha aKaJIeMUYHM UIHKHOCTH U creuu(UYHUTE U3MCKBAHUS Ha
NODOTT-BAH. Martepuanure u3IJI0 TOKpUBAT TeMmaTHKaTa Ha KOHKypca. l[lperncraBeHure
JOKYMEHTH ca IOAPENECHU H3PAIHO, PE3yJNTAaTUTE OT Hay4yHaTa JEWHOCT ca IpeICTaBEHU
KOPEKTHO.

. JduMUTpOB 3aBbplIBA CHEUUAITHOCT ,, [€XHOJOrMsl Ha CUJIMKAaTUTE U CBBP3BAIIUTE
BemectBa’, BXTU (XTMY) npe3 1981 u npunobuBa kBanmdukaius nHKEeHEp-XuMUK. B meprona
1984-1988 e penosen noktopant BbB BXTU(XTMY) u ipe3 1989 3amuraBa aucepranus Ha TemMa:
,,CHHTE3 1 M3CJIe/IBAaHE HA CPE/IU 3a ONTUYCH 3anuc Ha nHpopmanusa’. B nepuoma 1989 — 1994 r.
U3BBPIIBA HAYYHO-M3CIEOBaTENICKa AEHHOCT B HAKOJIKO MHcTUTyTa B bbirapus (LJIADOIT -
BAH, IIUNUT, HUMOC), kakto u B Inst. of Optics “Daza de Valdes”, Manpua xaTto moct-
noktopanT. Ot 1993 no 2003 padotu B [IJTADOII-BAH kato nmocienoBaTeHo 3aeMa JIHKHOCTH
xumuk, H.c. Il u H.c. | ct. Cnex ToBa B npoabkenue Ha moutu 10 rogunu padotu B Industrial
Technologies Research Institute, Taiwan, kbaeTO W3BBpIIBAa H3CIEIOBATEIICKA M pa3BOWHA
JEHHOCT B HSAKOJIKO 0OJIACTH: OMTHYHO 3araMeTsaBaHe U 00paboTka Ha WHGOPMAIIHS; CUITHIIMEBU
(hoTOBONITAMYHY KJIIETKH; HAHOCTPYKTypHpaHe Ha marepuanu. [Ipe3 2013 r. e u3dpan 3a JOLEHT
B IIJIA®OII-BAH. Ot romu 2014 ¢ nasnaued B UOTT-BAH karo u3ciemoBaten IO TOJIEMUS
undpacrpykryper npoekr MHEPA, REGPOT-2012-2013, kpreto paboTu u 0 JHEC, 3aeMaiiku
aKaJeMUYHaTa JTBKHOCT Jo1eHT (oT 2016 1.).

OOmusaT Opoit HayuyHU MyOIUKALMK HA KaHauaaTa € 93, oT KouTo 35 CTaTHH B CIIMCAHUS C
umnakt-paxrop (UD), (21 B cnmcanus B Q1, 9 - B Q2) u 29 noxnana, myOIMKyBaHU B IIBJIEH TEKCT
B COOpHHMIIM OT KOH(pEpeHIMH, KakTo U 6 mateHTa U | mareHTHa 3asBka. OOmwMIT Opoit Ha
3a0ens3aHnTe NMTUPAHKS B HayyHaTa Jutepatypa € 520, Xupm naaexe — 12.



KanauaarsT e mpuinoxku 3a ydactue B KOHKypca o0mo 37 OT Hay4HUTE CH TpyAoBe. B
Mpe/ICTaBeHMsI CIIMCHK Hal-paHHaTa BKJItoYeHa myonukanus € ot 2013 r. ToBa mokasBa, e Te3u
nyOJIMKaIMK He ca MOJI3BAHU B MPEALIECTBAIY IPOLEAYypHU 3a NPUA00UBaHE HA HAYYHH CTETIEHU
U 3BaHUA. B KOHKypca KaHAMIATHT ydyacTBa C €KBUBAJICHT Ha XaOWJIMTALlMOHEH Tpy[ (rpyna
nokazarenu B), cbcrosmy ce or 7 myOnukanmuu W ¢ 27 cratuM W 2 TATeHTa, H3BBH
xaOunutanuonHust Tpyn (rpyma mokaszarenn [). Bceumukm Te morat ga ObgaT TeMaTUYHO
o0eMHEHNW B O0JIacTTa CHUHTE3 W HW3CJIe/lBaHEe Ha (PYHKIMOHAIHU MaTepUAIMd 32 Pa3IMYHH
OTNITOCNIEKTPOHHU MpmiiokeHus. OT MyOIMKanuuTe B XaOWIUTAIIMOHHUS TPY/ 3 ca B KaTErOpHs
Ql; 3-B8Q2u 1 coe SIR, ¢ koero kaHAUAATHT chOupa 145 T. B et ot te3u mybnukamuu /1.
JIUMHUTPOB € IbPBU WJIM KOPECTIOHAMPAILl aBTOP, KOETO € Oe3CIOPHO JJ0KA3aTEJICTBO 33 BOACIIUS
My NpHUHOC. 32 JIB€ OT IyOJUKaLMUTE € MPEeACTABUI YIOCTOBEPEHHE 3a CHILECTBEH IMPUHOC OT
KopecroHaupamusi aBrop. OT TpeaCcTaBeHWTE HAyYHW AaKTUBU [0 Tpyma IMokaszarenn [
KaHIUIATHT choupa o01io 443 T., kato 14 ca ¢ ummnakt-daxtop (10 ot Ts1x B kBapTun Q1 wim Q2).
B konkypca, mon. [[. JIumutpoB yuyactBa ¢ 214 nurata Ha cBou pabotu (T.e., 428 TOUKH IO
nokasaren J[.11, mpu Heooxoqumu 200 ToUKn).

Hou. . JIUMUTPOB € Chb-PBKOBOAMTEN Ha IWIUIOMHAaTa paboTa Ha €JUH MarucTbp B
TaiiBaH, KakTO U Ha JUTUIOMHUTE paboTH Ha 3 GakanaBpu u 1 maructsp ot KO3V — bnaroesrpan.
B MomeHTa € Ch-pBKOBOAMTEN Ha €IMH 33J04YeH AOKTOpaHT. I[IpaBu BmedarieHME MHOTO
aKTHBHATa MPOEKTHA JEHHOCT Ha KaHJuAaTa pe3 nociequure roguHu. Toil e ppkoBoauTEN Ha 4
HAI[MOHAJIHU HAayYHU TNPOEKTA, KAKTO M Ha OBITapCKusl €KUM B | MEXIyHapOJeH MPOEKT II0
nporpamara M-ERA-NET. Toii cbi11o € y4acTHUK B 6 MEXIyHApOIHU MTPOEKTa U 4 HaIlMOHAHH.
[IpuBnedenure cpencTsa Mo pbKOBOJACHUTE OT Hero npoektu ca mouTtu 280 000 nB. CrOpanuTe
TOYKM 10 rpyna nokasarenu E ca 345.8, npu munumym 150.

KakTo ce Bmka, 110 BCHYKH ITOKa3aTeNIM TOYKUTE Ha KaHIUaTa HAJBUIIIABAT 3HAUNTETHO
MUHUMAJTHUTE HAIIMOHAJTHU HM3WUCKBaHUS 3a JUIBKHOCT ,Ipodecop®, KakTo U crneuuduunure
n3uckBanus Ha UOTT-BAH.

OO0ma xapakTepUCTHKA HA HAYYHATA M HAYYHO-TIPWIOKHATA IeHOCT HA KAHIMIATA

Jo11, JIluMUTpOB MMa ITBIATOTOJMIIIHA HAyYHO-U3CJIEIOBATENICKA JeHHOCT (ToBeue oT 37
roJuHM) B 00JacTTa CHMHTE3 M M3CJe/BaHe Ha (YHKIMOHAIHU Marepuainu. PaboTute, ¢ KOUTO
ydacTBa B KOHKYpCa, Ca B OCHOBHATa CH 4acT eKCIlepuMeHTanHu. LleHTpanHo mscTo B AeiHOCTTa
Ha KaHJUJaTa 3aeMa MOJTy4YaBaHETO Ha HOBHM (YHKIIMOHAIHW Marepuaiu. [IpaBu BmeuaTieHue
[IMpOKATa raMa OT TEeXHOJOTHYHHU MPOLECH 32 CHHTE3, KOUTO C€ M3IOJI3BAT, B 3aBUCUMOCT OT
BUJIa ¥ MOP(OJIOTUATA HA W3CIEABAHUS MaTepHal — aTOMHO TOCHoWHO otiarane (ALD);
pa3IMYHU Pa3HOBUIHOCTH Ha XHMMHUYHO OTiaraHe oT rasoea ¢aza (CVD), wuspactBane ot
BHUCOKOTEMIIEPAaTypHU pa3TBopH; Moaupuuupan merox Ha bpumxman u np. Ilomydenure
MaTepualy clie]l TOBA CE XapaKTepU3Upar ¢ IIUPOKa rama OT M3CJIEZ0BATEICKH METOJUKH, 32 Jia



Ce YCTaHOBST M ONTHMHU3UPAT CBOMCTBaTa MM. M3cienBaHHsATa HA CBOKMCTBAaTa HA MaTEpPHAIUTE
BHHAru € 0OBBP3aHO C KOHKPETHO TAXHO MPUJIOKEHHUE, KaTO c€ 00pbIla 0COOCHO BHUMAaHHUE Ha
ONTUYHHU M ONTOCJIEKTPOHHU YCTpOWCcTBa M mpubopu. Bcuuku m3cienBaHus ca pe3ynraT OT
yCWIHMATA HAa OTHOCHTEIHO TOJIEMH aBTOPCKM KOJEKTHBHM TIOpaad MOJYEPTaHHs CHU
MHTEpIUCIHUIUTMHAPEH XapakTep. B ocHOBHATa cH 9acT KOJEKTHBUTE ca MEXAyHapoJHH. ToBa ce
IBJDKM KaKTO Ha abirata pabora Ha gou. JumutpoB B TaiiBaH, Taka U Ha UHTEH3UBHOTO MY
CBHTPYJHUUYECTBO C KOJIETH OT Uy)KOHMHA.

OcHoBHH HAYYH4 1 HAYYHO-IIPUJIOKHH IIPUHOCHA

Ot npencraBeHaTa aBTOpCKa CrpaBKa 3a HAyYHHUTE IPUHOCH MOTaT Jia c€ 000Co0sIT meT
OCHOBHM T€MaTH4YHU HanpasieHus. CTaTuuTe, NpeCTaBeHN KaTo XaOUINTAlMOHEH TPY/,
MoMajgaT B TPU OT T€3U TEMATUKH.

[IppBaTa TemMaTHKa pasriexia CHHTE3 U XapakTepusupane Ha cioese ZnO nerupanu ¢ Al
(AZO) 3a mpuioXeHHEe KaTo MPO3pavyHu MPOBOISIIN €JICKTPOAU B PA3JIMYHHU ONTOCICKTPOHHH
YCTPOMCTBA KaTO aJTEpPHATMBA HA MIMPOKOU3MOI3BaHUTE MHAMEBO-kanaeHU okucu (ITO). Tyx
nomagat pabotu Al u A3 ot xabunuraunoHHus Tpyn, kakto 1 B3, B12, B13, B15, B19, B21 or
CIHMCHKA W3BBH XaOumuTanuoHHHUS Tpya. AZO ca 00EKT Ha WHTCH3UBHHU H3CIECABAHUS TPE3
MOCJIEIHUTE TOJAMHM TOpagu npeaumcTnara, kouto mnpeanarat npex [ITO — Hucka neHa,
JOCTBITHOCT Ha MaTepUAIIMTE U MO-BUCOKa mpo3payHocT B MY obrnact. 3a uzpactBane Ha AZO
CJIOEBETE € M3I0JI3BaHA Hal-ChBpPEeMEHHATa TEXHJIOTHS Ha aTOMHO TMoclioitHO oTiarane (ALD),
KOSITO T03BOJISIBA MHOT'O MPEIM3eH KOHTPOJI Ha JeOeIrHaTa U cheTaBa Ha cioeBeTe. Pazpaboren
€ TEXHOJIOTUYHUS Mpollec 3a nojiyuaBaHe Ha AZO U € ONTUMH3UPAH ChCTaBA HA CIIOEBETE OT
rJIeJlHAa TOYKA MOCTUTaHE Ha BUCOKA €JIEKTPONPOBOJUMOCT M BUCOKA ONTHUYHA MPOIYCKIUBOCT.
AZO cnoeBete ca oTiaraHd KakTO BBPXY TBBpPAU (CTHKIO; mopho3eH AlO3), Taka U BBpPXY
I'bBKaBU opraHnyHu (nmomuetwieH tepedranar, PET; nonuerunen nadranar, PEN) u reBkaBu
HEOpPraHWYHM (MYCKOBUTOBA CIIIOJIAa) MOJJIOKKHU. M3M0I3BaHETO Ha HEOPraHWYHU MPO3PAYHU
I'bBKaBU MOJUIOKKHU IPEOJ0JIsiBA HSAKOM OTPaHUYEHUs] MpPH OPraHWYHUTE IOJJIOKKH, KaTo
HampuMep HEeoOXOIMMOCT OT HMCKAa TeMIlepaTypa Ha otTjaraHe. l3cienBaHu ca OnTHYHATa
MPONYCKJIMBOCT W JIMCTOBOTO CBHIIPOTUBJIEHHME Ha CIIOEBETE, KAKTO M IpOMsHATa Ha Te3U
xapakrepuctuku npu roysim Opoit (800-1000) mukian Ha orbBaHe, B ciydaute korato AZO e
OTJIO’)KEH BbPXY I'bBKaBa nojjoxka. [lokazano e, ue AZO npurexaBaT KOHKYPEHTHU CBOMCTBa
Ha ITO (mpo3payHOCT U eneKTpUYecKa MPOBOAUMOCT) U ue ciioeBe AZQ, OTIIOKEHU BEPXY CIIO/IA,
MPUTEKABAT MO-BUCOKA MPO3PAYHOCT U IMO-HUCKO JIUCTOBO CHIPOTHUBJICHUE B CPAaBHEHHUE ChC
ctpykrypu AZO/PET. Bb3 ocHOBa Ha Te3u pe3ylTaTH ca AEMOHCTPUPAHU JIBE MPHJIOKEHUS Ha
AZO cnoeBete — AMCIIEN C TEYHU KPUCTAIU C Mpo3padyHu enekTpoaun AZO/CTHKIIO U T'bBKaBU
ycTpoiicTBa ¢ nogumepHo-aucneprupad teueH kpuctan (PDLC) ¢ AZO/PET wiu AZO/cnrona
npo3paunu enekTpoau. [lomydenn ca obOemaBamy (QYHKIIMOHATIHHM MapaMeTpH (3aJBHKBAIO
HampeXeHHe U BpeMe Ha Peakiiys), KOeTO CBUJETENICTBA 3a FOJeMHUsI OTEHINAJ 32 MPHIIOKEHUE
B OBJICIIN ONTOEICKTPOHHU ITPUOOPH.



[IpuHocute mo Ta3um Tema OuMx KiacuuIUpana KaTo HaydHH (MTOJydaBaHE Ha HOBH U
MOTBBPIUTETHH JTAHHHW) U HAYYHO-TIPUJIOKHU (Ch37aBaHe Ha (PYHKIIMOHAIHU yCcTpoicTBa). Karo
OpPUTHHAJICH IPUHOC CYUTAM PE3yIATaTUTE, MOJIYICHH 3a CTpykpypu AZO /cimtona.

Bropara TtematnmuHa o0OiacT o0OXBalla U3CJIEIBAHUS HAa MarHUTHUTE CBOWMCTBA H
MarautokasiopuueH epexkr (MCE) B MOHOKpHCTaTHM MaTepualid, KaKTO M TEXHH BBH3MOXKHHU
npuioxkeHus. B XaOwiuTanuoHHUS Tpyn ca BKIOYeHH 1Be wu3cienBanus (A2, A7) Ha
MarautokanopudeH epext B TbVO4 u TbMn2Os. JlemoHCTpHpaH € CUieH MarHUTOKaJIOpHUEH
edext B TbVO4, apiokan ce Ha ycrnopeaHo noapexaane Ha Tb3* marmutau momentn. ITokaszano
€, 4e e(heKTHT OCTaBa KOHCTAHTEH B IIMPOK KPUOTEHEH TEMIIEpATypEeH UHTEPBAJ P I0CTATHYHO
BHUCOKHM MarHuTHH nojera. Karo pe3ynirar ca rnojiyueHu peKOpJAHU CTOMHOCTH HA KamaluTeTa Ha
TbVO4 xaTo XJaJuiieH areHT B CPAaBHEHHE C JIPYTd MarHUTO-KAJIOPUYHU OKCHUJIM, pabOTeIH B
aHAJIOTUYEH TeMIeEepaTypeH HHTepBajd. B JombiHeHHEe € yCcTaHOBEHAa U TrojisiMa MarHWTHa
aHM30TPOIUSL MEXK/Y JIeCHaTa U TPYyJIHA OC HA HAMarHWTBaHE, KOETO IMO3BOJISIBA MOTy4aBaHE Ha
CHJIHU TEepPMUYHH €(EeKTH Ype3 BbPTEHE Ha KpHCTaja B MarHUTHO moje. OOpaTuM poTalHoOHEH
MarHUTO-KaJIOpUYEH e(heKT e moaydeH u B kpuctanu TbMnoOs pu BbpTEHE B OTHOCUTEITHO CI1a00
MarHUTHO I0JIE, KOETO € OT TOJIIMa MPAKTHUYECKa 0132, Thil KaTO ePEeKTHT MOXKE Ja C€ TIOCTUTHE
U 4pe3 MOCTOSIHHU MarHuTu. Te3u pe3yiTaTh OTBapAT MEPCIEeKTHBA 3a pa3pa0OTBaHE HA HOBHU
OXJIQXKAALIN CUCTEMH 32 HUCKO-TEMIIEPATYpHU U KOCMUYECKU IPUIIOKEHHsI, KOUTO ce 6a3upar Ha
poTalus Ha KpUCTalla B MATHUTHOTO I10JIE, a HE Ha IPEMECTBAHETO MYy BbTPE U U3BBH HETO.

KbM Tasu tematuka ce ximouBaT u 6 cratuu (B11, B14, B16, B17, B18, B27) u3BbH
XaOJMUTAallMOHHUS TPYyH, B KOUTO OOEKT Ha WU3ClEJBAaHE OTHOBO C€a  MAarHUTHUTE U
MarHUTOKJIOPHYCHUTE CBOMCTBA HA pa3InyHU paznuyau Myintudepouru ot tuna RMnOs3 (R=Er,
Dy) u RMn;0s (R=Tb, Ho, Y), kpaero R ca paznuunu MarHUTHH PEeIKO3EMHHU eJIeMEHTH. TykK
TpsiOBa na ce orOenexu ycraHopsiBaneto Ha rurantcku MCE B xekcaronanen ErMnQ3, koiito ce
IBIDKM Ha YHUKAJIHHTE CBOMCTBa Ha Er’" MarnmTHa mojpenieTka, U KOHWTO € CPaBHUM C TO3H B
Haii-noOpute OpTOpoMONYHM (Pa3u M HAKOJIKO ITBTH IMO-TOJISIM OT TO3H B JPYTU XEKCaroHaJIHU
MoHokpuctanu (Hamp. h-HoMnO3). B Tte3m uscnenBanus, ocBeH ycraHoBsBaHne Ha MCE B
MaTepuanTe, ca U3CIE/BaHU JIOKAIHU CTPYKTYPHH MPOMEHH, KOUTO MOTaT Jia BIUSSAT BbPXY
(depoeneKTpUYHUTE M MarHuTHU cBoMcTBa. M3cnenBaHm ca  MarHUTHUTE OOMEHHHU
B3auMoeicTBHs Mexky Mn®", Mn*" u R3*" moapemerkure u € ycTaHOBEHO, Y€ MAarHTHUAT (a3oB
IpeXoJ, CBbP3aH ¢ MOAPEKIAHE Ha MATHUTHUTE MOMEHTH Ha R3*, e mpuuuna 3a mosisara na MCE.
[IpunaraneTo Ha MarHWTHO TOJI€ IO JIECHATa OC HA HAMAarHUTBAHE MOPAXa TOJIEMHU TOTUIMHHU
edeKTH OKOJIO TemIlepaTypara Ha MOApEekJaHe Ha PEIKO3eMHHUs eleMeHT. HampaBeHa € ChIno
XUIOTe3a, Y€ pa3MepbT HA MArHUTHHUS PEIKO3EMEH €JIEMEHT HUrpac ChIIECTBEHA PO B
MarHUTHOTO MOJIpeXJaHe (M CIIeJIOBATEIHO B MarHWTO-KaJOPHUYHUTE CBOMCTBA Ha MaTepuala)
Yype3 MOJlyJIupaHe Ha OOMEHHUTE B3aUMO/IEHCTBUS.

[Ipunocure mno Ta3u Tema HMaT (QyHJAMEHTaJeH HaydeH XapakTep, CBbp3aH C
YCTaHOBSIBaHE Ha HOBU (aKTH M TAXHOTO oOsicHeHue. [locoueHM ca W TeXHU BH3MOKHHU
MPAKTHYECKU TPUITOKCHHS.



Tperata TematuuHa oOjacT, B KOSTO ca HACOYEHM H3CJIE/IBAHUATA HAa KaHAWJATa, €
CBBbp3aHa C H3cle/IBaHe Ha (PYHKIMOHAJIHM MOHOKPHCTAJIHM MaTepuaiu. B XaOuauTanuoHHUS
TPy ca BKItoueHW TpHu cratun (A4, AS, A6), pasriaexany eJuH OT MPEACTABUTEINUTE Ha TO3U
Kyac matepuaiu, a uMmeHHo LuVOs. MHTEpechT KbM HETO € MPOJUKTYBaH OT Bh3MOKHOCTTA Jla Ce
M3I1I0JI3Ba KaTO ONTUYHA Cpesia B TBBPAOTEIHHU Ja3epy ¢ AUOJAHO HAIIOMIIBAHE, MOPAJH IIUPOKaTa
YEeCTOTHA JICHTA, IO-TOJIEMHUTE CEUYEHHUs Ha aOCOpOIHS U eMUCHS B CPABHEHUE C APYTU BaHAIATH.
Upes u3mon3BaHe Ha METOJa HAa M3PACTBAHE OT BHCOKOTEMIIEPATYPHHU Pa3TBOPU Ca IMOJIyUYCHHU
MHOTO TOJIEMH TI0 pa3Mep (B CpaBHEHHUE C IPYTH TEXHOJIOTHYHH MeTOa1) MoHOKprcTanu LuVOq.
HanpaBenu ca moapoOeH kpuctamorpadCku, ONTHYEH M CTPYKTYPEH aHAIW3 Ha TOITYYCHUTE
kpuctanu. [lokazaHo e, ue Te mpuTekaBaT rojsiMa oNTHYHA Npo3padyHocT B auanazoHa 500-3000
HM, KakTo 1 +0.2 nBoitHO npuenpeyynBaHe oT ¥ B go 6nmskara MY obnact. Upes nonspusupana
MHUKpO-PamMaHOBa CIEKTPOCKOIHUS ca OMpeaeseHH BCHMYKH 12 pamMaHOBO-aKTHBHU (POHOHA OT
mepBU pe B LuVOs.

KbM Ta3u TemarHka crajat ¥ 4YeTHpHU M3CIEABAHMS W3BBH XaOmiurtanuoHHus Tpya (B6,
B10, B22, B24), B KOUTO ce H3CJIeBAT Pa3IMYHA MYITU()YHKIMOHATHH KPUCTAJIHH MaTepHalIy.
Haxkpartko nmprHOCHTE B TE3W M3CIIEIBAHUSI MOTaT Ja 0baaT 0000IIeHN:

- Upes mogudunmpan metoq Ha bpumkman ca nmosydyeHu 3D TOMOJIOTHYHH M30JIaTOPH
Bix(SexTeix)3 u serupan (¢ Cu, Ca, Co wim Mn) BizSes. [Tonyuenu ca naHHu 3a
MEXaHUYHUTE M EJIEKTPOHHUTE KM CBOWCTBA B 3aBHCHUMOCT OT CbCTaBa H
KOHIIEHTpAIMATa Ha Jierupanius ejxeMment (B24)

- Xapaktepuszupanu ca ontuyauTe GoHOoHH B CaMn2Os(MapoKuT) ype3 Mmossipu3rupana
PamaHOBa crieKTpocKomusl, BKIOYUTETHO TEMIIEPAaTypHO-3aBUCUMU U3MEPBaHUs U ca
OTIpeIeJICHH CUMETpUNUTE Ha PaMaH-akTUBHUTE BUOPALIMOHHU MOJIOBE. Y CTAHOBEHO €
YMEKOTSIBaHE HA HSKOM MOJIOBE IO TeMIepaTypaTa Ha aHTU(PEPOMATHUTEH MPEXOJ
(B22).

- H3cnenBanum ca BUOpAIMOHHHUTE M ONTHYHM CBOMcTBA Ha KpucTan BinTiO20(BTO),
nerupanu ¢ Ru u Rh, nomyuenu upes n3pactBane oT BUCOKO-TEMIIEPATYPHU PA3TBOPH.
[Tomyyenn ca pesynratd, neMoHcTpupaimu BiausHueTo Ha Ru m Rh Bbpxy
o0Opa3yBaHETO Ha CTPYKTYpPHH JIe(PEeKTH U BbpXY OanaHca MexIy OJM3KO- U JaJIEeKO-
neiicTBammTe B3aumoaeicTaus (B6).

- Upes uscnenBane ¢ HEYTpOHHA AU(dpakiys Ha MarHUTHATA CTPYKTypa Ha YbMnOj3 ca
IOJYYEHU CBHIECTBEHU JaHHHU 3a MarHMUTHOTO MoApexaane Ha Mn** u Yb’", kouto
MoraT Ja TOJIOMOTHAaT pa30MpaHeTO Ha MAarHUTHUTE CBOMCTBA HAa TO3M KIac
matepuanu (B10).

[Ipunocure mno Ta3u Tema HMaT (QyHJAMEHTAJeH HaydeH XapakTep, CBbp3aH C

yCTaHOBSIBaHE HA HOBH (PAKTH U TAXHOTO OOSICHEHHE.

W3BbH XaOWIMTAIIMOHHUS TPYJ ca NPEJCTaBEHU U3CJIEIBAaHUS U B JPYrd JIBe TeMu. B

mppBaTa OT TAX momazar aeser cratuu (Bl, B2, B4, B7-B9,B20, B23, B26) mno cunres,
u3cJe/IBaHe U MpUIoKeHre Ha 2D mMarepuainu, KaTo MPUHOCUTE B TAX Ca KAKTO CJIEIBA!



- JlemoHcTpupaHa € Bb3MOXKHOCTTA 32 CUHTE3 Ha €JHOCJIOEH WUJIM MHOTOCJIOEH rpadeH
ype3 paznuuHu Bapuanuu Ha CVD  meroga W mOpoMsHa MapaMeTpuTe Ha
TEXHOJOTHMYHUSI TIPOIIEC, BKJIIOYHUTEITHO MAHMITYJIMPAHE TEOMETPUSATA HA Ta30BHS
MOTOK.

- PaspaboreHa e TEXHOJOTHS 3a CHHTE3 Ha TpadeH C kKeJIaHu CBOMCTBA (IIPOBOIMMOCT,
MPO3PAYHOCT) ¥ Ha HETOBUS TpaHC(EP BHPXY Pa3IMuHU MaTePHAIIH.

- JlemoHCTpUpaHO € MPUIOKEHUETO Ha MOJy4yeHUTE Ipad)eHOBU CIIOEBE KaTO I'bBKABH
MPO3pavyHU  EJEKTPOAM B PA3IUYHH YCTPOMCTBA, KaTO HAMp: EJICKTPOOITUYHU
YCTpOHCTBAa C HHUKIOOJIEPUHOBU TMOJIMMEpPHH cioeBe, padoremm B THz oOxsar;
I'bBKaBU ONTOEJIEKTPOHHU PUOOPH U JMCIIIEH Ha 6a3aTa Ha JUCTIEpTUpaHH B [IOJTUMED
TE€YHU KPUCTAIIH.

- Hemoncrpupan € cunte3 Ha 2D PtSe» cioeBe 4pe3 TEepMUUYHO-TIOANOMOrHATA
cesieHu3anus Ha Pt cioil 1 ca nmosydyeHu npeaBapuTEIHU JaHHU 3a TAXHATA CTPYKTypa
1 KayecTBO.

[IpuHOCHTE TO Ta3Wm TeMaTWKa ca NPUIIOKHH, CBBP3aHU CBHC Ch3JaBaHE HA HOBHU

TEXHOJIOTUU U HOBHM YCTPOMCTBA.

[Tocnennara TemaTrka B IGHHOCTTA HA KaHAMATa € CBbP3aHa ChC Ch3/IaBaHE HA BUCOKO-
e(eKTUBHU CUJIUIIMEBH CIbHUYEBH KieTKU. 1o Hes ca nmpezcTraBenu 3 Tpyna — eHa myOnuKamus B
Hay4YHO CIIMCaHUe U /1Ba nateHTa — equH uznaaeH B CAlLl u enun - B Kurait. OcHoBHUTE IpUHOCH
B TSX ca:

- IlpennoxxkeH € mNpocT MOKbP XUMHUECKH METOJ 3a HAHOCTPYKTypUpaHE Ha
CHJIMIIMEBaTa MOBBPXHOCT, KOMTO OCHUTypsiBa M0-€()EKTUBHO IOTJIbLIAHE Ha
CBETJINHATA,

- Ilpennoxen e meton 3a popMUpaHe HA CTbHYEBA KIETKA ChC CEJICKTUBEH EMUTED;

- IlpennoxkeHa € KOHCTPYKLHMS Ha CIIbHYEBA KJIETKAa C XETEPOINPEXOJ U KOHTAaKT Ha
HEOCBETEHaTa CTpaHa.

Tyk mpuHOCHTE UMAT M3IUIO MPUIIOKEH XapaKTep, CBbP3aHU ChC BHEIAPSBAHE HAa HOBU

TEXHOJIOTUU ¥ HOBU YCTPOMCTBA.

OtparkeHne Ha HAYYHUTe MyOJIMKANMU HA KAHIMAATA B HAIIATA U YYKIeCTPaHHA
JIMTepaTypa

PaboTtuTe Ha KaHIMAATA Ca HAMEPUIIN IIUPOK MEXKTYHAPOEH OT3BYK, KATO HE3aBUCUMUTE
LIUTUPAHMS, TIPEJICTABEHH 33 Y4acTHE B KOHKypca, KOUTO MoraT aa ce HamepsaT B Web of Science
i Scopus, ca 214 (428 1). OOmusaT Opoii He3aBUCUMU IUTUPaHUs ca moBede ot 520, kato 30 oT
TSAX Ca UUTUPAHUS Ha MAaTEHTH, YUUTO aBTOp € jou. Jumurpos. Haif-tmtupanara padora (Appl.
Surf. Sci 208(12) (2013) 2926) uma 107 no3oBaBaHus B HayyHaTa JuTeparypa. imMa u e pabotu
(Mater. Sci. Eng. B, 107 (2004)1071; Appl. Phys. Lett. 108(10) (2016) 102401), xouto ca
UUTUPAHU O 35 TBTH.



Kputuunu 3adenexkn
Hsimam kpuTHuHY 320€1eKKH KbM Hay4yHaTa IeHHOCT Ha KaH1/1aTa WK KbM 3HAaUUMOCTTa
Ha NPEICTABEHUTE TPUHOCH.

INopeusnoxxkenure hakTH MU TO3BOJISIBAT Ja 3aKioya, 4e Aol. A-p Hdumutsp JumMutpoB
yAOBJIETBOpsiBa BCUUKU H3uckBaHus kakto Ha 3PACPB, taka u na IlpaBunnuka na UOTT 3a
3aeMaHe Ha aKaJ[eMUYHATA JTBKHOCT ,,ipodecop. [IpencraBeHuTe Mu MaTepuaiu Mo KOHKypca,
MOCOYCHHUTE MPUHOCH U JIMYHUTE MU BIICYATICHUS OT KaHAUIATa MU JaBaT OCHOBaHUE yOeaeHo
Jla TIpenopbyaM Ha HAyYHOTO KYypH Aa npenoxku Ha Hayunus ceBer Ha UDTT ma nmpuceau Ha
noit. 1-p dumutsp 3axapueB JJuMUTPOB akajieMUYHATA JUTHKHOCT ,,lipodecop® mo npodecuanno
Hamnpasiyienue 4.1 ,, duznuecku HayKu*

17.06.2021 Wsrorsui:
Codus

(mpod. npu Anbena IlackaneBa)



REVIEW
on a procedure for the occupation of the academic position of "Professor" in the professional

field 4.1 "Physical Sciences", Scientific specialty ""Condensed Matter Physics ", according to the
announcement in the Newspaper of State, issue 13/16.02.2021

Applicant: Dr. Dimitar Zahariev Dimitrov, Associated Professor at the Institute of
Solid State Physics (ISSP) -BAS

Reviewer: Prof. DSc. Albena Paskaleva, Inst. Solid State Physics, Bulgarian Academy of
Sciences

General description of the materials presented

The only candidate in the competition for the academic position of "Professor" for the
needs of the Laboratory "Physics of Materials and Low Temperatures" at ISSP -BAS is Assoc.
Prof. Dr. Dimitar Zahariev Dimitrov. The candidate has submitted all the necessary documents for
participation in the competition for the academic position "Professor", required by the Regulations
on the terms and conditions for obtaining scientific degrees and for academic positions in BAS
and the specific requirements of ISSP -BAS. The materials fully cover the topic of the competition.
The presented documents are carefully arranged, the results of the scientific activity are presented
correctly.

D. Dimitrov graduated in "Technology of silicates and binders", University of Chemical
Technology and Metallurgy (UCTM) in 1981 and obtained the qualification of chemical engineer.
In the period 1984-1988 he was a full-time doctoral student at UCTM and in 1989 he defended his
PhD thesis on the topic: "Synthesis and research of media for optical recording of information". In
the period 1989 - 1994 he carried out research in several institutes in Bulgaria, as well as in Inst.
of Optics “Daza de Valdes”, Madrid. From 1993 to 2003 he worked at Inst. of optical materials
and technologies (IOMT)-BAS, successively holding the positions of chemist, research assistent
IT and I degree, then worked for almost 10 years at the Industrial Technologies Research Institute,
Taiwan, where he conducted research and development in several areas: optical storage and
information processing; silicon photovoltaic cells; nanostructuring of materials. In 2013 he was
elected associate professor at IOMT-BAS. In July 2014 he was appointed at IFTT-BAS as a
researcher on the large infrastructure project INERA, REGPOT-2012-2013, where he still works
today, holding the academic position of associate professor (since 2016).

The total number of scientific publications of the candidate is 93, of which 35 articles in
journals with impact factor (IF), (21 in journals in Q1, 9 - in Q2) and 29 full-text papers published
in conference proceedings, as well as 6 patents and 1 patent application. The total number of
observed citations in the scientific literature is 520, Hirsch index - 12.



The candidate has submitted for participation in the competition a total of 37 of his
scientific papers. The earliest publication included in the list is from 2013. This proves that these
publications have not been used in previous procedures for obtaining scientific degrees and
positions. The candidate participates in the competition with the equivalent of habilitation work
(indicator group B), consisting of 7 publications and with 27 articles and 2 patents, outside the
habilitation work (indicator group G). Of the publications in the habilitation work 3 are in category
QI; 3 - in Q2 and 1 with SJR, with which the candidate collects 145 points. In five of these
publications D. Dimitrov is the first or corresponding author, which proves his leading
contribution. For two of the publications he presented a certificate of significant contribution from
the corresponding author. From the presented scientific assets by group of indicators G the
candidate collects a total of 443 points; 14 of the presented papers have impact factor (10 of them
in quartile Q1 or Q2). In the competition, Assoc. Prof. D. Dimitrov participated with 214 citations
of his works (i.e., 428 points on indicator D, with the minimum required 200 points).

Assoc. Prof. D. Dimitrov is a co-supervisor of one master thesis in Taiwan, as well as the
diploma theses of 3 bachelors and 1 master from South-West University - Blagoevgrad. He is
currently co-supervisor of a part-time doctoral student. The candidate has a very active project
activity in last years. He is the leader of 4 national research projects, as well as a leader of the
Bulgarian team in 1 international project under the M-ERA-NET program. He is also a participant
in 6 international and 4 national projects. The funds raised from the projects managed by him are
almost BGN 280,000. The collected points by group of indicators E are 345.8, with a minimum of
150.

As can be seen, in all indicators the collected points significantly exceed the minimum
national requirements for the position of "professor", as well as the specific requirements of ISSP-
BAS.

General characteristics of the scientific and applied activities of the applicant

Assoc. Prof. D. Dimitrov has many years of research (more than 37) in the field of synthesis
and study of functional materials. The works submitted for the competition are mostly
experimental. The main activity is the production of new functional materials by using a wide
range of technological processes for their synthesis - atomic layer deposition (ALD); various types
of chemical phase deposition (CVD); growth from high temperature solutions; modified Bridgman
method, etc. The resulting materials are then characterized by a wide range of research techniques
to establish and optimize their properties. Investigations of the materials properties are always
associated with their specific application with a particular focus on the optic and optoelectronic
devices. Most of the papers have relatively large number of co-authors due to the strong
interdisciplinary nature of performed research. Most of the research teams are international due to
the long work of Assoc. Prof. Dimitrov in Taiwan, as well as his intensive cooperation with
colleagues from abroad.

Main scientific and applied contributions



Five main thematic directions can be distinguished from the presented author's reference
for the scientific contributions. The articles presented as a habilitation paper fall into three of these
topics.

The first topic considers the synthesis and characterization of Al-doped ZnO (AZO) layers
for application as transparent conductive electrodes in various optoelectronic devices as an
alternative to widely used indium tin oxides (ITO). This includes works Al and A3 of the
habilitation work, as well as B3, B12, B13, B15, B19, B21 from the list outside the habilitation
work. AZO has been the subject of intensive research in recent years due to the advantages it offers
over ITO - low cost, availability of materials and higher transparency in the IR range. The state-
of-the-art atomic layer deposition (ALD) technology is used for the growth of AZO layers, which
allows very precise control of the thickness and composition of the layers. The technological
process for obtaining AZO has been developed and the composition of the layers has been
optimized from the viewpoint of achieving high electrical conductivity and high optical
transparency. AZO layers are deposited on both solid (glass; porous Al>O3) and flexible organic
(polyethylene terephthalate, PET; polyethylene naphthalate, PEN) and flexible inorganic (mica)
substrates. The use of inorganic transparent flexible substrates overcomes some limitations of
organic substrates, such as the need for low deposition temperature. The optical transparency and
sheet resistance of the layers were studied, as well as the change of these characteristics during a
large number (800-1000) bending cycles, in the cases when AZO is deposited on a flexible
substrate. It has been shown that AZOs have competitive properties to ITO (transparency and
electrical conductivity) and that AZO layers deposited on mica have higher transparency and lower
sheet resistance compared to AZO / PET structures. Based on these results, two applications of
AZO layers are demonstrated — a liquid crystal display with transparent electrodes AZO / glass
and flexible devices with polymer-dispersed liquid crystal (PDLC) with AZO / PET or AZO / mica
transparent electrodes. Promising functional parameters (drive voltage and response time) have
been obtained, which reveals the great potential for application in future optoelectronic devices.

I would classify the contributions on this topic as scientific (obtaining new and
confirmatory data) and applied (creation of functional devices). As an original contribution I
consider the results obtained for AZO / mica structures.

The second thematic area covers studies of magnetic properties and magnetocaloric effect
(MCE) in single crystal materials, as well as their possible applications. Two studies (A2, A7) of
magnetocaloric effect in TbVO4 and TbMn,Os are included in the habilitation work. A strong
magnetocaloric effect in TbVO4 has been demonstrated due to the parallel arrangement of Tb3*
magnetic moments. It is shown that the effect remains constant over a wide cryogenic temperature
range at sufficiently high magnetic fields. As a result, record values of the capacity of TbVO4 as a
refrigerant were obtained in comparison with other magnetocaloric oxides operating in a similar
temperature range. In addition, a large magnetic anisotropy has been found between the easy and
difficult axis of magnetization, which allows to obtain strong thermal effects by rotating the crystal
in a magnetic field. A reversible rotational magnetocaloric effect is also obtained in TbMn2Os



crystals when rotated in a relatively weak magnetic field, which is of great practical importance,
as the effect can also be achieved by permanent magnets. These results open the prospect of
developing new cooling systems for low-temperature and space applications, which are based on
the rotation of the crystal in the magnetic field, rather than its movement inside and outside it.

This topic includes also 6 articles (B11, B14, B16, B17, B18, B27) outside the habitation
work, in which the object of study are again the magnetic and magnetocaloric properties of various
different multiferroics of the type RMnO3 (R = Er, Dy) and RMn,Os (R = Tb, Ho, Y), where R are
different rare earth magnetic elements. It should be noted here the establishment of giant MCE in
hexagonal ErMnQ3, which is due to the unique properties of Er’* magnetic sublattice, and which
is comparable to that in the best orthorhombic phases and several times larger than in other
hexagonal single crystals (e.g. h-HoMnQO3). In these studies, in addition to the establishment of
MCE in the materials, local structural changes that may affect the ferroelectric and magnetic
properties were investigated. The magnetic exchange interactions between the Mn**, Mn** and R**
sublattices were studied and it was found that the magnetic phase transition associated with the
arrangement of the magnetic moments of R3*is the reason for appearance of MCE. The application
of a magnetic field along the easy axis of magnetization causes large thermal effects around the
temperature of arrangement of the rare earth element. It has also been suggested that the size of
the magnetic rare earth element plays a significant role in the magnetic arrangement (and therefore

in the magnetocaloric properties of the material) by modulating the exchange interactions.

The contributions on this topic have a fundamental scientific character, related to the
establishment of new significant facts and their explanation. Their possible practical applications
are also indicated.

The third thematic area, in which the candidate's research is focused, is related to the study
of functional single-crystal materials. The habilitation paper includes three articles (A4, A5, A6),
examining one of the representatives of this class of materials, namely LuVOs. The interest in it is
dictated by the possibility to use it as an optical medium in solid-state lasers with diode pumping,
due to the wide frequency band, larger absorption and emission cross sections compared to other
vanadates. By using the method of growing from high-temperature solution, very large (compared
to other technological methods) LuVOs single crystals were obtained. A detailed crystallographic,
optical and structural analysis of the obtained crystals was performed. They have been shown to
have high optical transparency in the range of 500-3000 nm, as well as +0.2 birefringence from
UV to the near IR region. All 12 first-order Raman-active phonons in LuVO4 were determined by
polarized micro-Raman spectroscopy.

This topic also includes four studies outside the habilitation work (B6, B10, B22, B24), in
which various multifunctional crystal materials are studied. Briefly, the contributions of these
studies can be summarized as follows:



- 3D topological insulators Biz (SexTeix); and doped (with Cu, Ca, Co or Mn) BixSes were
obtained by a modified Bridgman method. Data on their mechanical and electronic properties
depending on the composition and concentration of the doping element (B24) were obtained.

- The optical phonons in CaMn>Os4 (maroquite) are characterized by polarized Raman
spectroscopy, including temperature-dependent measurements, and the symmetries of the Raman-
active vibration modes are determined. Softening of some modes below the antiferromagnetic
transition temperature (B22) has been found.

- The vibrational and optical properties of Bi12TiO2 (BTO) crystals doped with Ru and Rh
obtained by growth from high-temperature solutions were studied. Results were obtained
demonstrating the influence of Ru and Rh on the formation of structural defects and on the balance
between near- and far- interactions (B6).

- Through neutron diffraction studies of the magnetic structure of YbMnOs3, essential data have
been obtained for the magnetic arrangement of Mn** and Yb**, which can help understanding the
magnetic properties of this class of materials (B10).

The contributions on this topic have a fundamental scientific character, related to the
establishment of new facts and their explanation.

Apart from the habilitation work, research is presented in two other topics. The first of
them includes nine articles (B1, B2, B4, B7-B9, B20, B23, B26) on the synthesis, research and
application of 2D materials, and their contributions are as follows:

- The possibility for synthesis of a single-layer or multilayer graphene by different variations of
the CVD method and a change of the parameters of technological process, including manipulation
of the gas flow geometry, is demonstrated.

- A technology for synthesis of graphene with desired properties (conductivity, transparency) and
its transfer on different materials has been developed.

- The application of the obtained graphene layers as flexible transparent electrodes in various
devices is demonstrated, such as: electro-optical devices with cycloolefin polymer layers operating
in the THz range; flexible optoelectronic devices and displays based on polymer-dispersed liquid
crystals.

- Synthesis of 2D PtSe; layers by thermally-assisted selenization of Pt layer is demonstrated and
preliminary data on their structure and quality are obtained.

The contributions on this topic are applied, related to the creation of new technologies and
new devices.

The last topic in the candidate's activity is related to the creation of highly efficient silicon
solar cells. It presents 3 works - one publication in a scientific journal and two patents - one
published in the United States and one - in China. The main contributions in them are:



- A simple wet chemical method for nanostructuring the silicon surface is proposed, which
provides more efficient light absorption;

- A method for forming a solar cell with a selective emitter is proposed;

- A solar cell construction with heterojunction and contact on the back side is proposed.
These contributions are fully applied, related to the development of new technologies and new
devices.

Reflection of the candidate's scientific publications in our and foreign literature

The works of the candidate have found a wide international recognition, as the independent
citations submitted for participation in the competition, which can be found on the Web of Science
or Scopus, are 214 (428 points). The total number of independent citations is more than 520, 30 of
which are citations of patents authored by Assoc. Prof. Dimitrov. The most cited work (Appl. Surf.
Sci 208 (12) (2013) 2926) has 107 references in the scientific literature. There are also two works
(Mater. Sci. Eng. B, 107 (2004) 1071; Appl. Phys. Lett. 108 (10) (2016) 102401), which are cited
35 times.

Critical remarks

I have no critical remarks on the scientific activity of the candidate or on the significance
of the submitted contributions.

The above facts allow me to conclude that Assoc. Prof. Dr. Dimitar Dimitrov satisfies
all the requirements of both the national and the ISSP-BAS Regulations for the occupation
of the academic position of '"Professor". The submitted scientific assets to the competition,
the contributions mentioned and my personal impressions of the applicant give me a reason
to strongly recommend to the respected Scientific Jury to support the application and to
propose to the Scientific Council of ISSP-BAS to award Associate Professor Dr. Dimitar
Zahariev Dimitrov the academic position of "Professor" in the professional field 4.1
"Physical Sciences "

17.06.2021 L

Sofia Prof. DSc. Albena Paskaleva



