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PELNEH3UMA

crerneH ,,JIokTop* B obnact Ha Bucme oOpa3oBanue 5. ,, TeXHHYECKH HAYKH™,
npodecruoHanHo HanpasieHue 5.2 ,,EnekTpoTexHuKka, eeKTpOHUKA M aBTOMAaTHKA ",
Hay4yHa CIEUAIHOCT ,, | €XHOJIOTHS Ha €JIEKTPOHHOTO MPOU3BOJCTBO”

Aemop ma Oucepmayuonnus mpyo: wmar. uHX. Page Tomom, karempa
»Muxpoenexkrponuka“, @axynrer EnekTpoHHa TEXHUKA U TEXHOJIOTHH, TE€XHUYECKU
yauBepcuteT — Codus

Tema Ha OucepmayuonHusi mpyo: ,H3cieaBaHe Ha  MHOTOCIONHH
METaIN3aLUOHHU CHCTEMH B CbBPEMEHHHUTE MUKPO- U HAHOEJIEKTPOHHU YCTBOKCTBA

Peyensenm: non. n-p Ceerozap Kpscrer AunpeeB, TexHHUECKH YHUBEPCUTET —
Codus

1. AkTyasiHOCT Ha pa3pa0oTBaHHsI B AMCEPTALMOHHHUS TPYA MpobJjeM B
HAYYHO M HAYYHONPHJIOKHO oTHomeHue. CTeleH W HMBA HA aKTyaJIHOCTTa HA
npod;aemMa H KOHKPEeTHHUTE 3aAa4H, Pa3padoTeHu B TUCEPTAIUATA

IIpencraBenara paboTa M pe3ylITaTH B HACTOSIIATA AWUCEPTAIMS Ca BBPXY
TEMATHKa, CBBP3aHa ChC Ch3AABAHETO, U3yUYaBAaHETO U MPHUIIOXKEHHUETO HAa HOBH HAaHO-
MaTepHalad B €IEKTPOHMKATa, €lHa OT Hall-ChBPEMEHHUTE TEHACHIMH B CBETOBEH
Mmama6. ITo Tasu nmpobieMaTrka ce CpelaT OTHOCUTEIHO MAJIKO TaHHH B CBETOBHHUTE
HAy4HH Cpeld, KOETO JOKa3Ba HeHHAaTa HOBOCT ¥ ChOTBETHO, HEfHATa aKTYaJIHOCT.

IIpennoxenara puceprauys H3CIEABa TMPOLECUTE 10 CH3JABAHETO Ha
MeTaIM3anus] ¥ OCBIIECTBIBAHETO HA €JIEKTPHYECKH BPH3KU HA HOBH (PYHKIIMOHAITHH
HaHO-CJI0€BE KaTO KapOWH, eMEKCeH M JIPyT'H KbM Iepudepusara Ha eIeKTpOHHATa
cuctema. IlpencraBeHum ca U pe3ynTraTH OT 3aqbJI00OYCHHUTE W3CIACABAHHS Ha
uHTepdeiica MeTanu3aIys — HaHO-CJI0i ¥ mpon3THyanumre TUI (omudeH win [lotku),
KOHTAaKTHO CBIPOTHBICHHE, YECTOTHA 3aBUCHUMOCT, Jau(y3us Ha CIIOEBETe,
OOHIUPYEMOCT M JPYTH.

AxtyanHocTTa Ha paforara ce moguepraBa W OT OOILECTBEHATa M Hay4Ha
3HAYMMOCT, KaKTO IIOCOYBA M CaAMHUs aBTOpP, & MMEHHO MHOBALIUU B €JICKTPOHHUKATA U
peanM3MpaHeT0 Ha HOBH II0-KaueCTBEHH YCTPOMCTBa 3a MeEOWLKHA, pPOOOTHKA,
€HEPreTHKa W KOMYHMKALMM, MPHUHOC 33 Pa3BUTHETO Ha MaTEPHUaJO3HAHHETO II0
OTHOIIEHNE Ha HAaHO-MaTePHUAIUTE U JIp.

Cnopen Ka3aHOTO JOTYK CMATaM, Y€ U3CJICABaHUAT I'IpO6JI€M € aKTyaJICH.
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2.Ctenen Ha 1O3HABaHe CBCTOSHHETO Ha mnpobjemMa M =TBO
HHTePIpeTANNA HA JUTEPATYPHUS MaTepHAJ \: ) A
B mucepranusra ca usmon3BaHu 130 nuTepaTypHUM HM3TOYHHKA,
roguHa Ha m3ganue ciuen 2007, ¢ uM3KIOYcHHME Ha Tpu u3rtouHuka mpenu 2000
TOJ[MHA, KOUTO OIHKCBAT (QYHJAMEHTAIHA TEXHHUKH 33 METaJIu3alusi U METOJUKH Ha
u3MmepBane. ToBa Moka3Ba, ue JOKTOPAHTHT € 3aII03HAT ¢ ITyOINKaluUTE B 001aCTTa
Ha W3CJICJIBAHHATA MY B IIHPOK BPEMEBU 00XBAT.
B pa3paboTkarta npoyimiaBa KOPEKTHOTO LIUTUPAHE HA JIUTEPATYPHUTE U3TOYHMIIH,

HAyYHOTO HABIIM3aHE B U3CJIeBaHaTa Ipo0ieMaTHKa ¥ TBOPYECKOTO HHTEPIIPETUPAHE
Ha U3II0JI3BaHaTa JIUTEPATypa, KaKTO U MHOTO J0OpPOTO BH3YaJIHO IPEACTaBAHE Ha
pa3riexkIaHUTe TEXHUKA M TOCTHTHATU pe3ynTaTd. JlurepaTypHUTE U3TOYHHULIM Ca
IUTUPAHHU II0 peda Ha ITOSBIBAHETO UM B TEKCTA.

3. ChoTBeTCTBME HA HM30paHATa METOAWMKA HA HW3CJCABAaHE C IIOCTABEHATA
1eJ ¥ 321241 HA JUCEPTALUOHHUS TPYA

MeToauKaTa Ha M3CJIEABAHE TOYHO M IIOCIIEIOBATCIIHO cileaBa GOopMyIUpaHUTE
3aJa9d W LEIH B AWCEPTAMOHHUA TpyHd. MeToaukaTta € noOpe o0OCHOBaHAa W 3a
HEeiiHaTa JOCTOBEPHOCT MOXKE Ja C€ ChbAU 10 IIOCTUTHATUTE Ppe3ylITaTH OT
U3CIEeABaHMATA, aHATM3UTE UM U (POPMYIHPaHETO Ha 3aKITIOYCHHUS.

JIOKTOPaHTBT METOAMYECKH IMPABHIHO € CTPYKTYpHUpal AuCEpTaluATa.
ChscTaBHUTE YAaCTH Ha H3CIEABAHETO B JHMCEpPTAlMiATaA Ca B3aWUMHO CBBP3aHHU.
ITocTaBeHMTe IleN W 3aJa4d ca IOCTMTHATH B ITbJHA CTemeH. [IlpuimaraHeTo u
YCHBBPIICHCTBAHETO Ha MPEMJIOKCHUTE METOOUKM Pa3BUBAT 3HAHUATA U ONMTA Ha
JOKTOPAaHTa U JOIIPHUHACT 32 HETOBOTO HAYYHO PA3BUTHE.

4. Kparka aHAJIMTHYHA XAPAKTEPUCTHKA HA €CTECTBOTO M OLCHKA HA
JAOCTOBEPHOCTTAa HAa MATEpPHANa, BBPXY KOWTO ce TrpaasT HNPUHOCHTE HA
AUCePTANMOHHHUS TPYN

B yBoziHaTa riaBa aBTOPBT MPEACTaBs aKTYaJHOCT Ha MpobiieMa, 00LIeCTBeHA U
Hay4JHa 3HAYMMOCT Ha TeMaTa ¥ ChBPEMEHHO ChCTOSIHUE Ha HAYIHUS MPOOIIEM .

[TepBa rnaBa npeACTaBIsIBA IUTEPATYPHHUS 0030p, B KOSTO aBTOPHT CE € 3aII03HaI
ChC CBETOBHATa Hay4Ha JIUTepaTypa o TeMarukara. Ciesl HalpaBeHUTE HU3BOJH Ca
nepuHNpaHH HEpemeHUTe TMpoOJeMH M CHOTBETHO LIEIHTE W 3aJa4YdTe Ha
IUCEPTALMOHHUSA TPY/I.

CrnenpamuTe 4YeTUpHU ITIaBU INIPEJCTABAT EKCIIEpUMETAIHATA YacT OT paboTara u
ca MMOCBETEHW Ha MUKPOCKOIICKH, CIIEKTPOCKOIICKH M €NEKTPUYECKH M3MEPBAHUS Ha
HOBOIIOJTy4CHH KOHTAKTHH CJIOEBE OT ChOTBETHO KapOWH, EMEKCEH H JUXAJIOTCHUIH.

[TpuHOCUTE Ca CHHTE3HPAHU CJIe] BCSAKA OTIEIIHA I1aBa.

CrenBa 3akniouenue Ha TUCCPTALIMOHHUS TPy ¥ OuOIHorpadus U MPOeKTH.
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S.Hayysn wW/miM HAYYHONPWJIONKHHM M TPHIOKHH nphﬁl\ﬁ%ﬂ.ﬁ.ﬂ /
NSO PN D 4
AUCEPTAIMOHHUSA TPy < L1>
ITogxpensM QopMynupaHuTe OT JOKTOPAHTa MPHHOCH, OLCHSIBAM TH KaTo
Hay4JHO-TIPUIIOXKHY U IIPUTIOKHU U T'Ml CBBP3BaM ChC Ch3/IaBaHE HAa HOBH METOIMKHY,
METOJIA ¥ MOJIENH.

IIpuHOCHUTE CHABPKAT €1EMEHTH Ha HOBOCT, UMAaT XapaKTep Ha o0oraTsaBaHe Ha
HAyYHOTO ITO3HAHUE M NMPAKTHUKA U HOCST CBOSTA 3HAYMMOCT.

6. OueHka 3a cTeneHTa HA JJMYHOTO Y4aCTHEe HA JMCEPTAHTA B MPUHOCHUTE

V6enen cpM, ue NPHUHOCHUTE Ca JIMYHO JAeI0 Ha JAokropaHTta. Cuutam, 4e
IIOIY4YCHHUTE PE3yNTaTH Cca OPUTUHAIHY U HAITBJIHO CHOTBETCTBAT HAa M3UCKBAHUATA 32
IUCEPTAIlMOHEH TPyH 3a IpuaoOuBaHe Ha oOpa3oBarenHaTa M Hay4Ha CTEIeH
»JlOKTOD".

7. Ilpenenka Ha My0JAMKALMUTE MO AUCEPTANUOHHUS TPYA:

3amo3Hax ce C HaydyHUTe TPYAOBE MO OUCEPTAUUATa. Te OTpas3sBaT B ITbJIHA
CTeleH pa3paboTkara.
OcCHOBHUTE pe3yNTaTH OT paboTara Ha JOKTOpaHTa ca MpeAMeT Ha 00IIOo JeBeT

Ty OIIMKaLuy.

ITet ot mybOnuKanuuTe ca oTHeYaTaHu B crucaHus, myonukanui Ne 3 e ¢ Ql u
IF 4,6. Ocrananute 4 ca npeJCTaBEHH Ha MEXIYyHApOIHH HAYYHH KOH(EPEHLUH Y
Hac U B 4y)xOuHa.

Ha Bcuuku ny6nuxanuu Page TomoB e mepBu chaBTOp. Benmuko ToBa mogueprasa
pOJIsiTa My B CB3JaBaHETO U MIPE3CHTUPAHETO Ha PE3YATATUTE OT AUCEPTALUATA.

8. Iznosi3Bane Ha pe3yJTaTHTe OT AUCEPTALMOHHHSA TPYAd B HAy4HATa
COLMATHATA MPAKTHUKA

Pesynrature ca M3N0I3BaHU IPU U3II'BIHEHUETO HA JIBa HAYYHOM3CIIEAOBATEICKU
IIPOEKTH:

1. IIpoekr B momom Ha pokropanta 232I1J10015-03 ,M3cmenBane Ha
METAIM3ALMOHHN CUCTEMHU B CHBPEMEHHH MHKpPO- U HAHOEJIEKTPOHHU YCTpoMcTBa*
kbM HUC Ha TY-Codus (2023-2024).

2.Hay4HO-n3cnen0BaTencku IPOEKT , L 10100psiBane Ha
HAayYHOM3CIIEOBATEICKUA  KalallUTeT K KadecTBO 332  MEXAyHapoJaHa
pasno3HaBaeMocT u yctoruuBocT Ha TY-Codus™ ¢ Jorosop BG-RRP-2.004-0005-
C01, HI" 3.1.8. ,,bnoMe AMIIMHCKO MHKEHEPCTBO™.

ITosmyyeHuTe eKCIEpUMEHTAIHY IIOCTAHOBKH Ca BHEIPEHH B YUeOHUS IIPOIIEC BHB
@akynrer 110 eIeKTpOHHA TexHUKa U TexHonoruu 3a OKC ,,6akanaBbp*, cienuaiIHOCT
»»BIIEKTPOHHKA®, JUCLMILIMHA ,vVarepuanu B MHUKPOEICKTOPHUKATA";
cnenuanusupanus Kypc mno ,JIIpou3BoAcTBO B €NEKTpOHHATa MHAYCTpPHA,
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uaBam B bearapms u B kypca ,IIpoekTUpaHe M TEXHOJIOTHH Ha\*@ 5 A
HAaHOCEH30pHM  eJleMeHTH 1o  1mpoekra ,,BGOSM20OP001-2.016- Oﬁ%m
MogepHu3anus Ha BHCIIUTE YYWIMINA: TEXHUYECKH YHHBEPCUTET - Bapha,
Texunuecku yuuBepcureT - Codusa, Texmumuecku yHuBepcutrer - [abpoBo u
VYuausepcutet "IIpod. a-p Acen 3nmarapos", rp. byprac®.

Cunram, 4e CBBMECTHO C MyOJNMKAlUUTe HA JOKTOpaHTa, pe3ylTaTHTE ca
JOCTUTHAIH A0 MIUPOK KPBI' OT HayyHaTa O0IMIECTBEHOCT M HOCAT CBOETO 3HAUCHHE.

9. Onenka Ha CBHOTBETCTBHETO Ha aBTopedepara ¢ H3MCKBAHUATA 32
H3rOTBSIHETO MY, KAKTO M Ha aJeKBATHOCTTAa HAa OTpa3siBaHe HA OCHOBHHUTE
MOJI0KeHUs] U MPUHOCUTE HA AUCEPTALMOHHUSA TPYA

IIpencraBenusar aBropedepar € B obem oT 32 crpanunu. ChIbpKAHUETO MY
CbOTBETCTBA HA CBHIBPKAHUETO Ha MAUCEPTAlMOHHUA Tpyld. ABTopedeparsT
IIOCJIEOBATENIHO U TOYHO NOKa3Ba OTJAEIHUTE IJIaBU OT Aucepanusata. B HauanoTo e
IpeAcTaBeHa o0ma XapaKTEepUCTHUKAa Ha JUCEPTAMOHHHS TPYH, BKIIOUBAIIA
aKTyaJIHOCTTA Ha pelmasanus npobieM. CreaBar HenTa 1 3a1a4uTe Ha AUCEPTALUATA,
METO0JIOTMYHATA OCHOBAa Ha TpyJa M IPETCHUMUTE 3a MPUHOCH HAa KaHAWIATA.
ABTOpedeparsT 3aBBPIIBA ChC CIIUCHKA HA MyOJHKAIMUTE MO TPyJa U aHOTAIMs Ha
QHITIMICKH €3UK.

Ouenkata MM 3a aBTOpedepara €, 4ye TOH OTroBaps Ha OOLIONpPUETUTE
U3UCKBAaHUA U OTPa3siBa BAPHO ChABP)KAHUETO U IPUHOCUTE HA AUCEPTALMOHHUS TPY.

10. MHueHuSs, IPeNOPHKU U OeTeKKI )

B nuceprammsaTa ca [OIycHaTH CTUIMCTUYHH TPEMIKM M TPEmIKH OT
PENaKIMOHEH XapakTep, KaTo HaAmucH mnoj ¢urypute, ohopmieHre Ha TaOJIHLH,
aurncBa o0OOMIEH CIMCBK Ha MpHUHOCHUTE. [IpemophuBaM Ja ce Hajie CIHUCHK C
IUTUPAHUA, aKO MMa TaKUBa.

B kpaiina cMeTka, OIy49EHUTE pe3ylITaTH U MOJE3HOCTTa Ha pa3paboTKaTra Mu
II03BOJIABAT /14 1aM ITOJIOKUTEIIHA OLICHKA ¥ CTAHOBHUIIE 32 JUCEPTAIMATA Ha Mar. HHX.
Pane Tomog.

11. 3aknouenune

Hucepranusara Ha mar. uex. Page ToMoB e 3aBppiIeHa Hay4HA pa3paboTKa ¢
BUCOKa HAayYyHa CTOMHOCT ¥ IPaKTH4eCKa MPUIOKUMOCT M OTroBaps Ha
m3uckBanusata Ha 3PACPB, IIIT wa 3PACPH u IIYPIIHC B Texmuuecku
yHuBepcureT — Codus, 3a mpuUCHXKIaHe Ha oOpa3oBaTeiqHaTa M HaydHa CTETIeH
»JOKTOp".

OneHsBaM MOJIOKHTETHO AKTYATHUS XapaKTep W MOCTUTHATHTE Pe3yJITaTH
OT paspaloTkaTa Ha JHCepTAUUATA Ha Mar. uHx. Page TomoB ,U3cireasane Ha
MHOT'OCJIOHY METAIN3AI[MOHHY CHCTEMH B ChbBPEMEHHHUTE MUKPO- M HAHOEJIEKTPOHHU
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YCTPOUCTBA” 1O NPOo(EeCHOHAIHO HalpaBlIeHue 5.2. ,,EneKTpOTeXHnKa,“sjé\’:
ABTOMATHKA”, HayYHa CICIIMATHOCT ,, | €XHOJIOTHs Ha €JIEKTPOHHOTO IIPO 1 BO
TpejIaraM Ha yBaXkaeMoTO XKypH [a PUCHIY Ha Mar. HeK. ToMoB oOpasosat
¥ Hay4Ha cTemneH ,,JIokTop* B 001acTTa Ha BUCIIE 00pa3oBaHue ,,TeXHUIECKH HAYKH
npodecHOHANHO Hampaiuenue 5.2 ,,EIeKTpOTeXHHUKa, eIeKTPOHMKA M aBTOMAaTUKa™,

Hay4YHa CIenUaTHoCT “TexXHONI0rHs Ha eIeKTPOHHOTO IPOM3BOJICTBO .

Jara : 03.05.2025 1. PELEH3EHT : (/1
rp. Codus ( mow. x-p urx. CBero3ap AHAPEEB )
| [TV Coona
! f, OETT i
/L’} | BAPHO € oPUrHHANT
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REVIEW

on a dissertation for the acquisition

of the educational and scientific degree of "Doctor of philosophy PhD" in
professional field 5.2 "Electrical Engineering, Electronics, Automation,"
scientific specialty "Microelectronics".

Author of the dissertation: MSc. Eng. Rade Tomov

Department of Microelectronics, FETT, Technical University of Sofia

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

Reviewer: assoc. prof. Svetozar Krastev Andreev, 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 presented work and results in this dissertation are on a topic related to the
creation, study and application of new nano-materials in electronics, one of the most
modern trends worldwide. There is relatively little data on this issue in the world
scientific community, which proves its novelty and, accordingly, its relevance.

The proposed dissertation investigates the processes of creating metallization and
implementing electrical connections of new functional nano-layers such as carbyne,
emexene and others to the periphery of the electronic system. Results from in—depth
studies of the metallization - nano-layer interface and the resulting type (ohmic or
Schottky), contact resistance, frequency dependence, diffusion of layers, bondability
and others are also presented.

The relevance of the work is also emphasized by the public and scientific
significance, as indicated by the author himself, namely innovations in electronics and
the implementation of new, higher-quality devices for medicine, robotics, energy and
communications, contribution to the development of materials science in relation to
nano-materials, etc.

Based on what has been said so far, I believe that the problem under study is
relevant.

2. Degree of understanding of the problem’s state-of-the-art and creative
interpretation of the references



techniques and measurement methodologies. This shows that the doctoral student is
familiar with publications in the field of his research over a wide time range.

The work demonstrates the correct citation of the sources, the scientific penetration
into the researched issues and the creative interpretation of the literature used, as well
as the very good visual presentation of the techniques considered and the achieved
results. The literary sources are cited in the order of their appearance in the text.

3. Correspondence of the chosen research methodology with the goal and
tasks of the dissertation work

The research methodology accurately and consistently follows the formulated
tasks and goals in the dissertation. The methodology is well-founded and its reliability
can be judged by the achieved results of the research, their analysis and the formulation
of conclusions.

The doctoral student has structured the dissertation methodologically correctly.
The components of the research in the dissertation are interconnected. The set goals
and tasks have been achieved in full. The application and improvement of the proposed
methodologies develop the knowledge and experience of the doctoral student and
contribute to his scientific development.

4. Brief analytical description of the nature and assessment of the credibility
of the material on which the contributions of the dissertation are based

In the introductory chapter, the author presents the relevance of the problem, the
social and scientific significance of the topic and the current state of the scientific
problem.

The first chapter is a literature review, in which the author has familiarized
himself with the world scientific literature on the topic. After the conclusions made,
the unresolved problems and, accordingly, the goals and objectives of the dissertation
are defined.

The following four chapters present the experimental part of the work and are
dedicated to microscopic, spectroscopic and electrical measurements of newly
obtained contact layers of carbyne, emexene and dihalides, respectively.

The contributions are synthesized after each individual chapter.

The conclusion of the dissertation and bibliography and projects follow.

S. Scientific and/or applied contributions of the dissertation

I support the contributions formulated by the doctoral student, I evaluate them as
scientifically applied and applied and I connect them with the creation of new
methodologies, methods and models.
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scientific knowledge and practice and carry their own significance. LYES
6. Assessment of the degree of personal involvement of the dissertation
student in the contributions
I am convinced that the contributions are the personal work of the doctoral
student. 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 of philosophy PhD".

7. Assessment of dissertation publications:
I have become familiar with the scientific works on the dissertation. They fully

reflect the development.

The main results of the doctoral student's work are the subject of a total of nine
publications.

Five of the publications have been published in journals, publication No. 3 has
QI and IF 4.6. The other 4 publications have been presented at international scientific
conferences in our country and abroad.

Rade Tomov is the first co-author of all publications. All this emphasizes his role
in the creation and presentation of the results of the dissertation.

S S~

8. Implementation of the dissertation results in scientific and social practice

The results were used in the implementation of two research projects:

1. Project in support of the doctoral student 232PD0015-03 "Research of
metallization systems in modern micro- and nanoelectronic devices" at the NIS of TU-
Sofia (2023-2024). |

2. Research project "Improving the research capacity and quality for international
recognition and sustainability of TU-Sofia" with Contract BG-RRP-2.004-0005-C01,
NG 3.1.8. "Biomedical Engineering".

The obtained experimental setups have been implemented in the educational
process at the Faculty of Electronic Engineering and Technologies for the Bachelor's
degree program, specialty "Electronics", discipline "Materials in Microelectronics";
the specialized course on "Production in the Electronics Industry”, organized by the
Faculty of English Engineering Education for Erasmus students coming to Bulgaria
and in the course "Design and Technologies of Micro and Nanosensor Elements" under
the project "BGO5SM20P001-2.016-0028-C01 Modernization of Higher Education
Institutions: Technical University - Varna, Technical University - Sofia, Technical
University - Gabrovo and University "Prof. Dr. Asen Zlatarov", Burgas".

I believe that together with the publications of the doctoral student, the results
have reached a wide circle of the scientific community and carry their significance.
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9. Assessment of the compliance of the abstract with the requlre" 1en
preparation, as well as the adequacy of reflecting the main p i
contributions of the dissertation work

The submitted abstract is 32 pages long. Its content corresponds to the content of
the dissertation. The abstract consistently and accurately shows the individual chapters
of the dissertation. At the beginning, a general characteristic of the dissertation is
presented, including the relevance of the problem being solved. This is followed by the
goal and objectives of the dissertation, the methodological basis of the work and the
claims for the candidate's contributions. The abstract ends with a list of publications
on the work and an annotation in English.

My assessment of the abstract is that it meets the generally accepted requirements
and faithfully reflects the content and contributions of the dissertation.

10. Opinions, recommendations and notes

The dissertation contains stylistic and editorial errors, such as captions under
figures, layout of tables, and lacks a summarized list of contributions. I recommend
providing a list of citations, if any.

Ultimately, the results obtained and the usefulness of the work allow me to give
a positive assessment and opinion on the dissertation of M.Eng. Rade Tomov.

11. Conclusion

The dissertation of M. Eng. Rade Tomov is a completed scientific work with high
scientific value and practical applicability and meets the requirements for awarding the
educational and scientific degree "Doctor of philosophy PhD".

I positively assess the topical nature and the achieved results of the development
of the dissertation of M. Eng. Rade Tomov "Research of multilayer metallization
systems in modern micro- and nanoelectronic devices" in professional field 5.2.
"Electrical engineering, electronics, automation", scientific specialty "Electronic
manufacturing technology" and I propose to the esteemed jury to award M. Eng.
Tomov the educational and scientific degree " Doctor of philosophy PhD " in the field
of higher education "Technical Sciences", professional field 5.2 "Electrical
engineering, electronics and automation", scientific specialty "Electronic
manufacturing technology".

Date : 03.05.2025 r. REVIEWER: (")

Sofia Z (assoc. prof. Svetozar Andreev)
TV coous
"‘ QETT
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