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CTAHOBULILE

BbPXY AUCEPTaLMOHEH TPy 3a NpuaobusaHe Ha obpasoBaTtesiHa U Hay4Ha cTeneH ,JloKkTop”
8 06nacT Ha BuclLe obpasoBaHue , TEXHUYECKU HayKN“, NpodecroHanHo HanpasneHue 5.2
, ENeKTpOTEXHMKA, ENEKTPOHUKA M aBTOMATMKa", HayyHa cneunanHocT ,TexHonorna Ha
€NeKTPOHHOTO NPon3BoAcTBo”

ABTOP Ha AUCEPTALMOHHUA TPYA: Mar. uHX. Page Tomos, Kateapa: »MuKpoenekTpoHmKka“,
®dakrynTeT: ENeKTPOHHa TEXHMKA U TexHONorMK, TexHnyeckun yHmeepcutet — Codus

Tema Ha ANCEPTaLMOHHMA TPYA: ,M3cneaBaHe Ha MHOrOCNOMHN METaNN3aLMOHHN CUCTEMU B
CbBPEMEHHUTE MUKPO- M HAHOENEKTPOHHM ycTBOCTBa”

YnieH Ha Hay4HOTO XKypu: npod. A.T.H. A-p UHXK. ToaopKa MaHuesa BnagKosa, Kateapa:
,TTIoNMMepHO UHKeHepcTBo®, ®XT, XMMUKO-TEXHONOTMYEH U MeTanypruyeH yHusepcuteT — Codus

1. AKTya/HOCT Ha paspaboTBaHMA B [MCEPTALMOHHMA Tpya npobsem B HayyHO M
Hay4HONPUNOXKHO OTHOLWeHMWe. CTeneH U HUBO Ha AKTya/HOCTTa Ha NpobsemMa U KOHKpeTHUTe
3apauum, paspaboTeHu B guceprauuaTa

JMCEePTaLMOHHUAT TPyA € nocBeTeH Ha paspabotBaHe Ha 6MOMeAMUMHCKU CeH3opu C
NOBMLLEHA YYBCTBUTENIHOCT Ha Ha3aTa Ha HOBM HaHOMaTepuanu (kapbuH, emeKCceH M XankoreHua,
Ha npexogeH MeTan) W MHOTOC/0MHM MEeTaNn3aLMOHHM CUMCTEMM, WrPael KAl4oBa pona B
CbBPEMEHHUTE MUKPO- U HaHOENIEKTPOHHU YCTpoiicTBa. Taka TOM nonaja e4HOBPEMEHHO B /Be
npuoputeTHn obnactu: ,34paBe M KauyectBoTo Ha XuBOTY u ,MaTepuanosHaHue, HaHoO- “
KBaHTOBM TEXHOMIOTMM® 1 € aKTyasieH KaKTO B Hay4YHO, TaKa U B Hay4HO-NPWUIOXKHO Hanpas/ieHKe.

2. CteneH Ha no3HaBaHe CbCTOAHUETO Ha Npobnema U TBOpUECKa MHTepnpeTauua Ha
nuTepaTypHMUa matepuan

[ncepTaHTbLT cneau passBUTUETO Ha npobnema: ot 0bwo 130 AnTepaTypHU U3TOYHUK], 61 ca
oT nocnegHute 3 roguuun, 21 — ot 2024 r. n 3 - ot HactoAwara 2025 r. AHanKU3bT M TBOpYECKaTa
WHTEpnpeTaums Ha /IMTepaTypHUTE W3TOMHWUM TOKasBaT 3aA4bibo4yeHO Mo3HaBaHe Ha
CbCTOAHMETO My M BOAAT A0 OoPOpMAHE Ha MHTepeceH 0630p, nybnnKysBaH B aBTOPUTETHO
crneuuanusmpaHo cnucaHune, Moleculs (IF4.6, Q1).

3. CboTseTcTBME Ha u3bpaHaTa MeToguKa Ha U3C/eABaHe U NMOCTaBeHaTa uen v 3agayu Ha
ANCEePTaLUOHHUA TPYA C NOCTUTHATUTE NPUHOCH.

M3nonssaH e afekBaTeH NOAX0L 3@ U3Mb/JIHEHUE Ha NeTTe 3a4a4u, NOCTaBEHU 3a NOCTUraHe
LUenta Ha AMCepTaLUMOHHMA TPYA: ONTUMMU3MPAHO M3rpakgaHe Ha METaU3aLMOHHMA CUCTEMMU
BbPXYy HOBOCMHTE3MPaHWTE HaHOMaTepuasau; OxapaKTepusupaHe Ha MexJaydpasosarta rpaHvLa;
TbpceHe Ha Bb3MOXHOCTU 33 NoAobpABaHE Ha KOHTAKTa MeXAy MeTaan3auuoHHaTa cuctema u
HaHoMmaTepuana; W3NUTBaHE Ha YYBCTBUTENHOCTTa Ha HoBOpaspaboTeHWTE CEH30PHM CUCTEMMU
cnpsMo rasose u Gruomonekynu. NMposeaeHUTe U3CNeaBaHWA NOKa3BaT NPUrOAHOCTTa HAa HOBOPas-
paboTeHnTe CTPYKTYPU 3a NPUIOXKEHME B CEH30PpU C noaobpeHa YyBCTBUTENHOCT, 3a C/lefeHe Ha
3/paBOC/IOBHOTO CbCTOSIHME Ha YOBEKa. Mima Mb/IHO CbOTBETCTBME Ha M3bpaHaTa MMTOAMKA Ha
u3cnesBaHe ¥ NOCTaBEHWUTE Lie/ U 3a4a4M Ha AUCEPTaLMOHHUA TPY/, C NOCTUTHATUTE NPUHOCK.

4. Hay4Hu n/vnn HayuHONPUAOXKHU U NPUNOXKHU NPUHOCK Ha AUCEPTaLMOHHUA TPYA,
NoapobHO onucaHuTe B AMCEPTaLMOHHWA TPYA NPUHOCK, Ca OT KaTeropua ,nosydasaHe u
[,0Ka3BaHe Ha HOBM GaKTU" U MMaT KaKTO HayYHO-MPU/IOXKEH, TaKa U NPUIOMKEH XapaKTep.
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pabotaTa um; OxapaKTepusupaHu Mexaydasosu rpaHALM W nonyyeHa uHdopmauua 33
MeXaHu3ma Ha opmupaHe Ha OMUYHM 1 LLIOTKM KOHTaKTK KbM HOBMTE HaHOMaTepuanu.

[MpunoxHUMe npuHoOcU Ce CBEXAAT Ao: paspaboTeHa meToamka, wabnoHu 3a npasa u
obpaTHa ¢oTonuTorpadus, ONTUMU3MPAHWM YCNOBMA 3a OTNaraHe Ha MOAXOAAWM CNOEBe,
ajanTMpaHa TEXHOMOrMA 3a YATPasBYKOBO MynBepusMpaHe W M3roTBEHW XeMOpPEe3UCTUBHU
CTPYKTYPM C NOTEHLMA/IHO NPAKTUUYECKO NPUIOXKEHWE B CEH30PU C MOBHMLLEHA YYBCTBUTEHOCT.

MonyyeHuTe pesynTaTM ca OPWUIMHANHM M LIMPOKO NPEeACTaBeHW B CneunanusupaHu
CMMUCAHUA U Ha Hay4HU GOPYMM U Ca B MbAHO CbOTBETCTBME C U3UCKBAHWATA 3 NPUCHKAAHE Ha
obpasoBaresiHata 1 HayuHa cteneH ,JokTop".

5. MpeueHKa Ha ny6AKKaLuUTe NO AUCEPTALUOHHNA TPYA,

O6wmAat 6poit nybanKauyum e CPaBHUTENHO ronAam - AeseT. [Be OT TAX ca B CMUCaHuA C
umnakt daktop (Current Trends in Biomedical Engineering and Biosciences, IF 2.003; Moleculs,
IF4.6, Q1), ABe - B CNUCaHWs C UMNAKT PaHr v neT - B COOpHULIM C MaTEPUANU OT cneLmanmsnpaHm
HayyHn ¢opymu (pedepupaHu B Scopus), KOeETO MOKasBa LWWMPOKO pasnpocTpaHeHne Ha
NONlyYEHUTE ONUTHU pe3ynTaTu. Beue ca 3abenasanu ABa umTara.

6. MHeHusA, NpenopbKU U 6enexKkn

Hamam Kputnunm 6enexkun. Juceptauuarta e gobpe opopmeHa. HAma CTUNHM M NPAaBONUCHA
rpewku. Mpenopbusam ObLeliUTe MHTEPECHWTE pesyaTaTh fa ce nybankysaT NpeauMHO B
PEHOMMPAHM CreuyannsmpaHi CNcaH1s, BMeCTo B C60PHULM C MaTepuany OT HayuHn dapymu,
KOETO He 03Hay4aBa Aa ce npeHebperHaT uav U3KNoYaT ydacTuaTa B TaKMBa.

7. 3aKknioueHue

NpeACTaBEHUAT MM 3a CTaHOBHLLE AMCEPTALMOHEH TPYA € NOCBETEH Ha aKkTyaneH npobaem:
nopobpasaHe Ha YyBCTBMTENHOCTTa HA 6UOMEMLMHCKM CeH30pyM 3a HabaloaeHVe Ha YOBELLKOTO
3gpase. MoaxogbT KbM peluasaHe Ha npobnema e UenecvobpaseH. PaspaboteHn ca Hosu
HaHOMaTepMaau 1 e NoKasaHa TAXHATa NPUIOKMMOCT B CEH30PU C NOBULIEHA YYBCTBUTENHOCTTA U
YUCTO NPOM3BOACTBO. YCBOEHNM Ca CbBPEMEHHM METOAM 33 OXapaKTepusmpaHe U [OKasBaHe Ha
NOTEHUManHaTa NPUIOKMMOCT Ha HOBUTE HaHOMaTepuanu U CTPYKTYpKU € TAXHO ydyactue. HacT oT
pa3paboTKkuTe ca B pamMKuUTe Ha ABa YCNeLHN Hay4YHO-N3Ccne0B8aTesCKu NPoeKTa.

MonyyeHUTe OPUIrMHANHU HAYYHO-NPUNOKHA U MNPUNOXKHU MNPUHOCK, AEMOHCTPUpaHUTE
BMCOKO 06pa3oBaTe/IHO HWBO W HATPynaH u3cnefoBaTeNCKM ONWUT C MOCTUrHATU U LUMPOKO
Or/1aceHn MPaKTUYECKU pesynTaTv B e4Ha aKTyanHa HayyHa obnacT, NoKpueaT M HagMWHABaT
3HaYUTE/IHO HAYKO-METPUUHWTE MOKa3aTeNn, KakTo M obpasosaTenHaTa 4acT Ha M3UCKBAHMATA 3a
Hay4HaTa 1 obpasoBartenHa creneH ,JokTop” Ha TY - Codua.

[JaBam KaTeropuMyHa MONOMMTENHA OLEHKAa Ha [AMCepTauMoHHMA Tpya u  ybesdeHo
npenopbyYBam Ha yBa)KaeMoTO Kypu Aa NPUCHAM Ha mar. MHXK. Page Tomos obpasosaTenHata u
HayyHa cTeneH ,JlokTop“ B ob6nactta Ha Buclwe o6pasoBaHue ,TexHUYeCKM Hayku®,
npodecuoHanHo HanpasneHue 5.2 ,ENEKTPOTEXHWKA, ENEKTPOHWMKA M aBTOMATWUKa“, HayyHa
cneumanHocT “TexHoNorMs Ha e/1eKTPOHHOTO NPOM3BOACTBO”.

YJeH Ha XKypuTO: ('VL )
(npod. A.T.H. 4-p nHX. Togopka I Bnagkosa)
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c"\ PEREERES Y B N e e
- - : " f /
= § - | -/
Tl AN LV ) J 7 4

STANDPOINT

professional field 5.2 “Electrical Engineering, Electronics and Automation”, scientific specialty:
“Technology of Electronics Production”

Author of the dissertation: Mag. Eng. Rade Tomov, Department of Microelectronics, Faculty of
Electronic Technique and Technologies, Technical University, Sofia

Topic of the dissertation: ,Study of multilayer metallization systems in the modern micro- and
nanoelectronic devices”

Member of the scientific jury: Todorka Gancheva Vladkova, Prof. DSc. PhD Eng., Dep. of Polymer
Engineering, Faculty of Chemical Technologies, University of Chemical Technology and Metallurgy,
Sofia

1. Relevance of the problem developed in this dissertation in scientific and scientific-application
aspects. Level of relevance of the problem and scientific tasks, developed in the dissertation.

The thesis is devoted to an improvement the sensitivity of biomedical sensors, based on new
nanomaterials and multilayer metallization systems, playing a key role in the current micro- and
nanoelectronic devices for monitoring of human health. Thus, this dissertation is connected to two
priority areas: “Health and Life Quality” and “Materials Science, Nano- and Quant Technologies”.
The problem is actual in both scientific and scientific-application direction.

2. Degree of knowledge the problem state and a creative interpretation of the literature

The PhD student follows the development of the problem: from totally 130 literary sources, 61
are from the last 3 years, 21 — from the year 2024 and 3 — from the current 2025 year. Their analysis
and the creative interpretation demonstrate an in debt knowledge the state-of-art of the problem
and lead to publication of a review paper in a specialized journal (Molecules, IF4.6, Q1) )

3. Correspondence of the chosen research methodology to the set goal and tasks of the
dissertation with the achieved contributions

Adequate approach was used to the solution of the set of five tasks to reach the aim of the
dissertation: Optimized build up of metallization systems onto new synthetized nanomaterials;
Characterization of the interface; Searching for possibilities to improve the contact between the
metallization system and the nanomaterial; Testing the sensitivity of the new-developed sensor
systems to gases and human sweat components. The carried out investigations prove the suitabillity
of the new-developed structures for application in sensors with improved sensitivity for the human
health monitoring. There is a full compliance of the selected investigation methodic, the aim and
tasks of the dissertation and the reached up contributions.

4, Scientific and/or scientific-applied contributions of the dissertation
The contributions of this dissertation are of the category “obtaining and prove of new facts”.
The scientific-application contributions could be summarized as follows: new nanomaterials
were developed; their applicability in different devices was demonstrated; the crucially important
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interactions between the nanomaterials and metal electrodes were studied; information was
obtained about the mechanism of ohmic and Schottky contacts formation to the new
nanomaterials.

The applied contributions consist in the demonstrated potential for practical application in gas
and biomolecule sensors with improved sensitivity for human health monitoring of the based on
new nanomaterials structures.

The obtained results are original, widely publicized in specialized journals and on scientific
forums and are in a full compliance with the requirements for acquisition of the educational and
scientific degree “PhD".

5. Assessment of the publications related to the dissertation: number, nature of the
publications, and where they have been published

The total number of the publications is high — nein. Two of them were published in journals
with impact factor (Current Trends in Biomedical Engineering and Biosciences, IF 2.003; Molecules,
IF 4.6, Q1), two - in journals with impact rang and five - in proceedings of scientific forums (referred
in Scopus) that indicates an enough white dissemination of the scientific results. Two citations have
already been noted.

5. Opinions, recommendations, and remarks

The thesis is well prepared; there are no logical or stylistic mistakes. My recommendation is
the future interesting results to be published predominantly in specialized journals instead of
proceedings that does not mean to be neglected and excluded the participation in scientific forums.

7. Conclusion with a clear positive or negative assessment of the dissertation work

The dissertation is devoted to an actual problem, improvement the sensitivity of sensors for
human health monitoring. The approach to the problem mitigation is appropriate. New
nanomaterials were developed and their potential application in gas and biomolecule sensors with
improved sensitivity and clean production was demonstrated. Current methods for characterization
of the new nanomaterials and structures as well as for the proven of their potential applicability
were mastered.

The obtained excellent results; the number and quality of published papers and citations; the
demonstrated high educational level; the accumulated theoretical and research expertise in an
actual scientific area, show that this dissertation fully meet (and excide) the requirements of the
Low for development of the academic staff in Bulgaria and the Regulations for Terms and conditions
for acquiring of scientific degrees at TU-Sofia. Therefore, | give positive assessment and recommend
with conviction, to acquit Mag. Eng. Rade Tomov the educational and scientific degree “PhD” in the
area of “Technical Sciences”, professional direction 5.2 “Electrical Technics, Electronics and
Automation”, scientific specialty “Technology of electronics production”.

Date: 09.04.2025 1. Member of the scientific jury: (")
S A (Prof. DSc PhD Eng. Todorka G. Vladkova)
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