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creneH ,,JIOKTOp“ B 00/1aCcT Ha BUCIIE 00pa30BaHUE ,, | eXHUYECKH HAyKH ",
npogecroHanHo HanpasieHue 5.2 ,, EleKTpoTeXHUKa, eJIeKTPOHUKA M aBTOMATHKA™,
Hay4Ha CHELHUAIHOCT ,, TeXHOIOrHs Ha eIEKTPOHHOTO IPOM3BOJICTBO” .

Asmop na oucepmayuonnusa mpyd. mar. uax. Page Tomos, katenpa
,Mukpoenekrponuka‘“, @akynret EnekTpoHHa TEXHHMKA U TEXHOIOTHH, TeXHUYCCKH
yauBepcuteT — Codusl.

Tema na ducepmayuonnus mpyo. ,,J13cnensane Ha MHOTOCIIONHA
METAIU3al[MOHHH CUCTEMH B CbBPEMEHHUTE MUKPO- U HAHOEJIEKTPOHHHU
yCcTBOMCTBA".

Unen na nayuHomo dcypu : 0o1. a-p umx. Banentun Iletpos Llenes, katenpa
,EaexTponrka u enexrpoenepreruka, TKC, Texaudecku yHusepcuret — Codust.

1. AkTyasHOCT Ha pa3paGoTBaHHsl B AMCePTAIHOHHHSA TPYyA mpobjieM B
HAYYHO M HAYYHO-NPHJIOKHO oTHomeHHe. CTeneH M HMBA HA AKTYaJHOCTTa Ha
npo6JieMa H KOHKPETHUTE 3aJa4H, pa3padoTeHH B IHCEPTALUATA

JIMCepTalMOHHUAT TPYH pasriekna ChbBPEMEHEH Hay4HO-IIPUIOXKEH MpoOieM,
CBBP3aH C MeTaln3alyiaTa Ha MUKPO- U HaHOCTPYKTYpH 3a Ch3[laBaHe Ha KOHTaKTH
MEXIy MeTald U IOoJynpoBojHUIM. Paborara e axTyaaHa H CBBp3aHa C
IPaKTHYIECKOTO Pa3BUTUE HA CEH30pUKAaTa U IIPUIOKEHUETO H B MEAUIIMHATA U MHOTO
npyru chepr. OMEcaHuTe e Ha AUCEPTalOHHHS TPy, OCHOBHH 3a[a9¥ U METOIH
3a M3CIIeBaHe ca JOCTAThYUHU 3a pelllaBaHe Ha 3aJI0KEHHs B TEMaTa akTyaJleH Hay YHO-
TIPUIOXKEH U MPHIIOKEH MPoOIIeM.

2.CreneH Ha MO3HABAHe CBLCTOSSHHETO Ha mnpobjeMa H TBOpYECKa
HHTepIpeTANHs HA JIUTEPATYPHHS MaTEepPUAJl

JlicepTaliOHHUAT TPYZ JAEMOHCTPUpPA MHOTO JOOpO IO3HABaHE HA CHCTOSHUETO
Ha GOPMYJIHPAHUS HAY YHO-TIPHIIOKEH TPoOsieM. JIOKTOPaHTBT € MOAXOAUII TBOPYECKH
U Mpo(heCUOHAHO KbM Pa3rlIekKIaHETO MY .

3. CroTBeTcTBHE HA HM30paHaATA METOJUKA Ha H3cjeJBaHe H MOCTABEHATa
eI ¥ 33/1a4M HA AUCEPTANMOHHHUS TPYA € NOCTUTHATHTE NPUHOCH.

I/136paHaTa METOJMKa Ha H3CJIeJABaHe M IIOCTaBeHaTa L€l W 3aJadyd Ha
JUCCPTALMOHHUS TPYA CbOTBETCTBAT B ITBJIHOTA C IIOCTUTHATUTC IIPHUHOCH.

4. Hay4yHu, HayYHO-IPHJIOKHH H NMPHJIOKHH NPHHOCH HA AHCEPTANUOHHUS
TpyA:
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Hayuno-npunooicnu npunocu:

3a mbpBHM IIbT Ca HM3CJIEABaHH BH3MOXKHOCTHTE 3a Ch3[aBaHE HA KOHTAKTH
MeXIy KapOWH ¥ pa3IudHd MeTald M € H3CIeJBAHO BIMUSHUETO Ha
OTIPsABAHETO M OOHAMPAHETO HAa METAIHUTE KOHTAKTH.

W3cienBaH € TUITHT Ha KOHTAKTa Ha KapOUH ChC 371aTO, NAJaAui U allyMHUHHH,
KaTO ca OTKPUTH HOBH B3aUMOBPB3KU MEXIy TeMIIEpaTypaTa, FoJIEMHHATA U
4ecToTara Ha eJIEKTPUYECKOTO M0JIe BbPXY €IEKTPUIECKOTO IIOBEJAECHHUE,
XapakTEPUCTUKKA K TapaMeTpyd Ha KapOOHOBUTE IPEXOAU C PasIUYHHUTE
MeTaju.

Pa3paGoTeHa e TeXHOIOTHS 3a OOHAMpaHe Ha NaJIaiueBU U CPEOBPHH CIIOEBE
BBPXY KapOuH.

WsrpafieHn ca Mpexoiy MEXKIy €MEKCeH CJI0eBe OT TUTaHOB KapOun u
METAITHUTE CJIOCBE TUTAH U aTyMUHUH.

Wscnenpanym ca mnpexogure, (QOPMUPAHH MEXIY CIIO€Be MOJIUOIEHOB
auCynbuI U METATHM MOKPUTUS OT MOJMOAEH M HHUKEI U € IIOoIydYeHa
uHopMmanus 3a MexaHu3Ma Ha (opmupane Ha omuuHH u IlloTku mpexoau
KbM CBBpPEMEHEH [BYMEpPHEH HaHOMAaTepHal M TAXHOTO €JIEKTPHYECKO
IIOBEJICHUE.

IIpunooicHu npunocu:

Pa3paboTeHa e MeTO KA 38 CHEMaHe Ha BOJT-aMIIEpPHUTE XapaKTUEPUCTUKH
Ha MPEXOIU MeTaJ/KapOWHOB HaHOMAaTepHalld C UIJIeHa COHIOBA yCTaHOBKA
II0 METOJa Ha IpefiaBaTe/IHATa JIMHUS ¢ aBTOMAaTHU3UPaHO CHEMaHe Ha JaHHH
3a eJIEKTPUYECKOTO TI0BEJ[EHHE Ha MPEXOIUTE.

Wspabotenu ca QoTomabionud 3a mpaBa u obparHa ¢(oronurorpadus 3a
CTPYKTypHpaHe Ha METajJHH CJOeBe C TOIOJOIMM 3a OIpeleNsHe Ha
KOHTAKTHO CBIIPOTHUBIICHUE MEXAY METAJ U MOJIyIIPOBOJHHUK.
OnTHMHM3UPAHU Ca YCIOBHs Ha OTJiaraHe Ha eMeKceH (THTaHOB KapOHj) M
IVXaJIKOTEHHMI Ha IpexoleH Meral (MONMOACHOB JAUCYI(HUI) Ypes3
aJanTHpaHa TEXHOJIOTHS 32 YITPa3BYKOBO ITyJIBEpU3MpPaHE OT BOJEH Pa3sTBOD.
W3roTBEHU ca XeMOPE3UCTUBHY CTPYKTYPH U € U3CJIeBaHa PEaKIUsATa UM KbM
CHbCTaBKH OT YOBEIlIKaTa II0T.
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CuuraMm, Ye MOy IEHNUTE PE3yITATH CA OPUTHHATHY U HAITBIHO C’b T
U3UCKBAHMATA 3a AWCEPTAlliOHeH TPyJ 3a npuaobuBaHe Ha o6pa3 i
Hay4Ha CTereH ,,Jlokrop".

5. Ilpeuenka Ha My0JUKALMUTE N0 JUCEPTALUOHHUS TPYA:

OCHOBHUTE MIOCTHKEHHUS M PE3YJITATH OT AUCCPTALMOHHUS TPy ca ITyOIMKyBaHH
B 9 Hay4HHU CTaTHH, OT KOUTO 1 camocrosrenna, 8 ca unnexcupanu B SCOPUS, 4 ca

JOKJIaZBaHU HA KOH(EPEHIHs, 5 ca B CIIMCAHUs, OT KOUTO 2 ¢ UMIAKT (GaKTop U 2 ¢
uMIakT panr. OTpakeHHeTo B HayKaTa € 3HAYUTENIHO, NOKa3aTeJICTBO 3a KOETO €
HanuuheTo Ha nuThpanua. OleHKa 3a IpH3HaBaHETO Ha paboTaTa Ha JOKTOPaHTa B
HAaYYHUTE CPey ca UUTUPAHUATA U CbBMECTHaTa My paboTa ¢ APYTH KOJIEeTH.

6. MHeHusi, NpenopbKku U 0eIeKKH:

ITosHaBam Mmar. ummx. Pame TomoB oT ceBMecTHata cu pabora B Kareapa
,»MHKpOEJIeKTpOHHKA . 3amo3HaT CbM C HEroBaTa H3CJe/0BATENICKaTa, Hay4Ha M
HayYHO-TIPIJIOXKHA U TIpeTiofaBaTelicka JeifHocT. Mora fa ot0enexa, e € CepHo3eH
npoeCUOHANNCT, KOPEKTeH Kojiera U JeHCTBall y4YeH C IIOCTUTHATU CEPUO3HH
pesynratu. bux camo oTOenssan, ye e 4oBeK, Ha KOWTO MOXKe J1a ce pa3unTa U BApBa.
Vcka Mu ce n1a MMa OlIe MHOI'O IPYTH MIaJy Y4eHH ¢ NOJ0OHH IOCTIKEHHUS.

Hsamam ceprio3nu 3a0eiexKu U MPernopbKy KbM IPEJCTABEHUTE MaTEPHUATIH.

7. 3akaio4yenne:

Cuuram, gye nosmydeHnute ot Mar. MHX. Pajge ToMoB pesyiitatu ca OpUTMHAIHA U
HAIThJTHO CHOTBETCTBAT HAa M3UCKBAHUATA 32 AUCEPTALMOHEH TPy A 3a IpUA0ONBaHE Ha
obpa3zoBarenHaTta u Hay4Ha cTemeH ,,Jlokrop". Pa3paboTkute B mucepranusara ca
ONMCaHW KOMIIETEHTHO W B HEOOXOAMMaTa I'bJIHOTA, U3BOJUTE M 3aKIIOUCHHUATA Ca
MHOro Jo0pe IOCTPOEHU, IOJPENEHU U apryMEHTHpaHu. JJOKTOPaHTBT € IOKPHUI
HaIbJIHO MUHUMaNIHUTe n3uckBaHus Ha TY-Codus.

[losydeHuTe B AUCEPTALIHOHHYS TPy HAYIHO-TIPUJIOKHY U IIPUIOKHH IIPUHOCH,
INEeMOHCTPUPaHUTE BHCOKO 0Opa30BaTeIHO HUBO M HAaTpylaH TEOPETUYECKH H
M3CIIEN0BATEIICKA OIUT C IIOCTUTHATHA W IPAKTHYECKH pe3ylTaTH B €IHA aKTyalaHa
Hay4Ha o0iact, MU JaBaT JOCTAaTbUHU OCHOBaHUS yOeNeHO da MpenopbyaM Ha
YBaXXaeMOTO XXYpH Ja IMPUCHIU Ha Mar. WX, Pane TomoB o0pazoBaTenHaTra 1 Hay4Ha
creneH ,Jlokrop“ B oO6nacrta Ha BuHclIe 00pa3oBaHUE , |E€XHUYECKA HAYKH",
npodecruoHaniHo HampasiieHue 5.2 ,EneKTpoTexHUKa, eleKTPOHHUKa U aBTOMaTHUKa",
Hay4Ha CIIEMUATHOCT ‘“TeXHOJIOTHS Ha €EKTPOHHOTO MPOU3BOJCTBO .
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POSITION

on a dissertation for the acquisition of the educational and scientific d 7
"Doctor" in the field of higher education "Technical Sciences", professional dlrectlon
5.2 "Electrical Engineering, Electronics and Automation", scientific specialty
"Electronic Production Technology".

Author of the dissertation: M.Eng. Rade Tomov, Department of
Microelectronics, Faculty of Electronic Engineering and Technology, Technical
University - Sofia.

Topic of the dissertation: "Research on multilayer metallization systems in
modern micro- and nanoelectronic devices".

Member of the scientific jury: Assoc. Prof. Dr. Eng. Valentin Petrov Tsenev,
Department of Electronics and Power Engineering, Technical University of Sofia.

1. Relevance of the problem developed in the dissertation work in scientific
and scientific-applied terms. Degree and levels of relevance of the problem and
specific tasks developed in the dissertation.

The dissertation examines a modern scientific-applied and applied problem related
to the metallization of micro- and nanostructures for creating contacts between metals
and semiconductors. The work is relevant and related to the practical development of
sensors and their application in medicine and many other areas. The described purpose
of the dissertation, main tasks and research methods are sufficient to solve the current
scientific and applied problem set in the topic. “

2.Degree of knowledge of the state of the problem and creative
interpretation of the literary material.

The dissertation demonstrates a very good knowledge of the state of the formulated
scientific and applied problem. The doctoral student has approached its examination
creatively and professionally.

3. Compliance of the chosen research methodology and the set goal and
objectives of the dissertation with the contributions achieved.

The chosen research methodology and the set goals and objectives of the
dissertation work fully correspond to the contributions achieved.

4. Scientific, scientific-applied and applied contributions of the dissertation
work.

I believe that the contributions have a scientific-applied and applied nature and
are a sufficient basis for the future development of this modern and contemporary field.



summarize them briefly as follows:

Scientific-applied contributions:

For the first time, the possibilities for creating contacts between carbyne and
different metals have been investigated and the influence of annealing and
bonding of the metal contacts has been studied.

The type of contact of carbyne with gold, palladium and aluminum has been
studied, and new relationships have been discovered between the temperature,
the magnitude and the frequency of the electric field on the electrical behavior,
characteristics and parameters of the carbon transitions with the different
metals.

A technology has been developed for bonding palladium and silver layers on
carbine.

Junctions are built between the emex layers of titanium carbide and the metal
layers of titanium and aluminum.

The junctions formed between molybdenum disulfide layers and metal
coatings of molybdenum and nickel have been studied and information has
been obtained about the mechanism of formation of ohmic and Schottky
junctions to a modern two-dimensional nanomaterial and their electrical
behavior.

Applied contributions:

A methodology has been developed for recording the volt-ampere
characteristics of metal/carbene nanomaterial junctions with a needle probe
setup using the transmission line method with automated data acquisition for
the electrical behavior of the junctions.

Photo patterns for forward and reverse photolithography have been developed
for structuring metal layers with topologies for determining contact resistance
between metal and semiconductor.

Deposition conditions of emexene (titanium carbide) and transition metal
dichalcogenide (molybdenum disulfide) were optimized by adapted ultrasonic
atomization technology from aqueous solution.

Chemoresistant structures were prepared and their reaction to human sweat
components was studied.

I believe that the results obtained are original and fully comply with the
requirements for a dissertation for the acquisition of the educational and scientific
degree "Doctor".
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5. Assessment of dissertation publlcatlons

at a conference, 5 are in journals, of Wthh 2 have an impact factor and 2 have an
impact rank. The impact in science is significant, evidence of which is the presence of
citations. An assessment of the recognition of the doctoral student's work in scientific
circles is the citations and his joint work with other colleagues.

6. Opinions, recommendations and notes.

I know M.Eng. Rade Tomov from our joint work in the Department of
Microelectronics. I am familiar with his research, scientific and applied scientific and
teaching activities. I can note that he is a serious professional, a fair colleague and an
active scientist with serious results. I would only note that he is a person who can be
relied on and trusted. I wish there were many more young scientists with similar
achievements.

I have no serious comments or recommendations regarding the presented
materials.

7. Conclusion.

I believe that the results obtained by M.Eng. Rade Tomov are original and fully
comply with the requirements for a dissertation for the acquisition of the educational
and scientific degree "Doctor". The developments in the dissertation are described
competently and in the necessary completeness, the conclusions and conclusions are
very well constructed, arranged and argued. The doctoral student has fully covered the
minimum requirements of TU-Sofia. ‘

The scientific and applied and applied contributions obtained in the dissertation,
the demonstrated high educational level and accumulated theoretical and research
experience with achieved and practical results in a current scientific field, give me
sufficient grounds to confidently recommend to the esteemed jury to award M.Eng.
Rade Tomov the educational and scientific degree "Doctor" in the field of higher
education "Technical Sciences", professional field 5.2 "Electrical Engineering,
Electronics and Automation", scientific specialty "Electronic Manufacturing
Technology".
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