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»JJOKTOP* B 00s1acT Ha BHCIIE 00pa3oBaHuUE ,, ] eXHHUECKH HAYKH ", TpodecH c-‘ 07 -
HanpasieHue 5.2 , ElleKTpoTexHrKa, eIeKTPOHUKA ¥ aBTOMaTHKa®, HaydHa cne}ﬁm
»» ] EXHOJIOTHSI HA €JIEKTPOHHOTO IPOU3BOACTBO”
Asmop na oucepmayuonnua mpyo: mar. uHx. Page Tomos
Tema na oucepmayuonnus mpyo: ,JI3cnenBaHe Ha MHOTOCIONHHM METATU3AIlMOHHU
CUCTEMHU B CBBPEMEHHUTE MUKPO- U HAHOEICKTPOHHU YCTBOMCTBA™

Ynen na nayynomo scypu : pou. n-p Tarsna Mapunosa Meanosa, I1{J CEHEU-BAH

1. AxkTyaanoct na paspadorsanus B AMcepTALMOHNNS TPYA NpodjeM B HAYYHO
M HAYYHONPHJIO0KHO OTHOLIEHHE,

JucepTannoHHUAT TPy, o0XBama H3caeIBaHUSI BbPXY (POPMHUPAHETO U HM3CIIECABAHE
Ha METaJIM3allUOHHM CUCTEMHU BBPXY HOBOCHHTE3HPAHHUTE EIHOMEPEH HaHOMAaTepHual
KapOWH ¥ IByMEPHU HaHOMaTepuaid. JMCepTalMOHHUAT TPYA HPEACTAaBS U3CJICIBAHUSL
B MYJITUAMCLUUIUIMHAPHA U aKkTyanHa oOnacT. M3ciieqBaHusaTa BpXY KOHTAKTUTE MEXIY
MeTalyd ¥ HaHOMaTepHaaW ca 3Ha4MMH, T€ MOraT Ja Hojo0paT (yHIIMOHAIHOCTTa Ha
MHHHATIOPHH E€IEKTPOHHU yCTPOHCTRA.

2.Crenmen Ha mnoO3HaBaHe CBLCTOSIHMETO HAa mpobjeMa H TBOpPYECKa
HHTEPHPETANNSA HA JUTEPATYPHUS MATEPHAJ

B nureparypHus 0030p € mpeacTaBeHa aKTyadHOCTTa Ha TeMAaTHUKAaTa, U3IMOI3BaHH
ca 52 cratuu (o6mo 130). KeM Bcska riiaBa mMa JOMBIHHTENEH KpaThk 0030p ¢
OINKCaHME Ha M3CIEABAaHUTE MaTepHaI, METOIUTE 3a OTJIaraHe U 3a XapakTepusupane. B
aucepranuara uMa 98 ¢urypu u 8 Tabnunu. JJokTOpaHTHT MOKa3Ba, U¢ € J0OpE 3aro3HAaT
C pasmienanus npoOsieM, aHaIuW3apal € B JIbJ0OYMHA JUTEPATYPHUTE H3TOUHHIIM.
JIOKTOpaHTBT YCHIEHMIHO € Je(uHMpan HepeuleHuTe mpobieMH W Ha TAXHa 0aza e
OIIpEAEIINII LIeITa U U3CIIEOBATEIICKUTE 3a/Ia4X Ha JUCEPTAITUATA.

3. CroTBeTCTBHE HAa U30paHATAa METOANKA HA M3CJIeBAHE U MOCTABEHATA L]l U
32141 Ha JUCEPTALMOHHMS TPYH ¢ MOCTUTHATHTE MPHHOCH.

N36panata MeTonuka Ha M3CJICIBAHE CHOTBETCTBA C MOCTABEHHTE LIEJAHM W 331a4H.
ITomyuenure pe3ynraTh U TAXHaTa HHTEPIPETAIlMs ITOTBBPXKAAaBaT MPHHOCHTE Ha
JOKTOpaHTa U IIOCTUTAT I[eJITa Ha JUCEePTAIUITA.

4. HayYHONPUJIOKHHE M MPUJIOKHHA MPUHOCH HA TUCEPTAIMOHHUS TPY/T

JlokTOpaHTHT € popMysupan 9 mpuHOCa - 5 HAYUHO-TIPUIIOKHHN U 4 TPUIIOKHH.

Hayuno-npunooicnu npunocu mozam oa 6woam 0600weny, Kakmo cieosa:

- Ycnenso ca ¢popMupaHd KOHTAKTH MEXAy KapOuH 1 pa3nuyuu Metaad (Au, Ag, Pd)
¥ MHOTOCJIOWHA MeTainu3anus ¢ Ni GapuepeH clioii.

- YCTaHOBEHHM ca KOpeNallid MeXTy OTTpsBaHEe, IapaMeTpu Ha €JeKTp. IojJe |
CIIEKTPUYECKUTE XapaKTepUCTUKU Ha kapOun/Au, Al, Pd crpykrypu. Paspabortena
TEXHOJIOrusA 3a OoHaupaHe Ha Pd u Ag citoeBe BbpXy KapOuH.
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- PaspaGoTeHn u wM3cieIBaHM KOHTaKTH Ha eMekceH ¢ Ti m Al Y,
MexaHu3MuTe Ha opmupane oMudau U [1loTky KoHTaKTH
- PaspaGotenu u u3cieapanu KoHTakTH HA M0S, ¢ Mo u Ni.

IIpunooicnme npurocu npedcmagam paspabomeanemo Ha:
- MeTouKa 3a BOJIT-aMIICPHUATE XapaKTEPUCTUKK HA METall/KapOMH HaHOCTPYKTYPH.
- ®oromradiionu 3a Goronurorpadus 3a CTPyKTypUPaHE HA METAIIHU CIIOEBE.
- OnTuMHu3apaHa eKOJIOTHYHA TEXHOJIOTHATA 3a OTJIaraHe Ha eMekceH 1 MoS, cioese.
- XeMOPE3UCTUBHU CTPYKTYPH.

ITomyuenute mpuHOCH ca HoOpe QOpMyIHMpaHH, OPUIMHAIHHM, HMaT Hay4HO-
IPUIIOKEH KM TPHIOXKEH XapakTep U ce 0asupaT Ha HaydHH pesynraTtd. IIpuHocuTe
OpPEINoJaT HOBH HAaydyHH 3HAHHSA M JIONPUHACAT 32 Pa3sBUTHETO B oOsacTra Ha
€JIEKTPOHHUTE YCTPOICTBa. Te ChOTBECTBAT HA IIOCTABEHUTE L€JIA HA AUCEPTALMATA.

5. Ilpeuenka Ha my0aMKAUMHATE [0 AU CEPTALMOHHNS TPYA.

JIOKTOPaHTBT € IPUIOKKUI 9 (IeBeT) HaydHH IMyOnukaruu (oTnedaranu npes 2023
u 2024 r.), 6a3upaHy Ha AUCEPTAIMOHHUS TPY. 8 OT TAX ca UHAEKCUpaHU B Scopus. BeB
BCHYKH CTaTHH, JOKTOPAHTHT € ITBPBH aBTOp, | € caMOCTOATeNHa, 6 B ChaBTOPCTBO CHC
CBOSI ppKOBOUTEN U B 2 - B KonekTuB. [{o 12.05.2025 ca 3abens3anu 3 He3aBUCHUMU
uuTaTH, ctatusa Ne3 (2 uurara) u crarus Ned (1 uurar).

6. MHeHusl, MPEeNOPHKU H 0eIeKKH
JIOKTOpaHTBT € ydyacBaJ B 3 H3CJICIOBATEICKU MPOEKTa (€AMH MEXIYHAapOAEH),
CBBpP3aHH C AUCEPTALMOHHHUA TpyA. Pa3paboTun € eKCnepuMEHTadHH II0CTaHOBKH,
BHeJIpeHu B yueOHus npouec B TY-Codust u B crieluaiu3upanus Kypc 3a 00y4eHue 1o
Epazbm. Tesu pakTu MOTBBPKAABAT aKTyaTHOCTTa M 3HAUUMOCTTa Ha pa3paboTKaTa.
Kputnunu 3abenexkn HaMmam. IIpenoppuBaM Ha JOKTOpaHTa Jia npom;mmg 1o
Ta3u MyJTHIUCHUIUTMHAPHA TEMa Mo pa3paboTka Ha CEH30pH 32 OMOMEIUIIMHATA.

7. 3akn04eHue

Hay4HO-NIPUIOXKHUTE M IPUIIOKHU NIPUHOCH JI0Ka3BaT, ye mMar. uHx. Page ToMos e
IIOCTUTHAJ BUCOKO 00pa30BaTEIHO HUBO, IIPUTEKABA TEOPETUUECKH U U3CIIEN0BATEIICKU
OIINT C OPUTHHAIHU pe3ynTaTtd. JJOKTOpaHThT OKpHBa n3nuckBanuaTa Ha TY-Codus.

JlaBaM TOJOXHTEJIHA OLCHKA Ha MPEACTaBeHaTa JAucCepTalus, asTopedepar,
IIPEICTaBEHUTE pe3ynTaTu U npuHocH. IlpemmaraMm Ha yBaXkaeMoOTO XKypU Ja IIPUCHIU
oOpaszoBaTenHaTa W HayyHa creneH ,JlokTrop* Ha wmar. um:xk. Page Tomos mno
npodecHoHaHO HampasicHue 5.2 , ENekTpoTexHuKa, eNeKTPOHHKa M aBTOMaTHKa™,
Hay4Ha CHeNUanHOCT “TeXHOJIOTHS Ha eJIeKTPOHHOTO IPOU3BOJCTBO .

YJIEH HA )KYPUTO: (11 )
( mou. n-pTarsana MBanoBa)
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OPINION 1=f
on the PhD dissertation for the educational and scientific degree "Do%i .
Author of the dissertation: M. Sci. Eng. Rade Tomov N ¢
Topic of the dissertation: ,,Study of multilayer metallization systems in the mod e
micro- and nanoelectronic devices*
Member of the Scientific Jury: Assoc. Prof. Dr Tatyana Ivanova, Central Laboratory of
Solar Energy and New Energy Sources, Bulgarian Academy of Sciences

1. Relevance of the problem addressed in the dissertation from the scientific and
applied perspective

The dissertation covers research on the formation and study of metallization systems
on the novel synthesized one-dimensional nanomaterial carbyne and two-dimensional
nanomaterials. The dissertation research is in a multidisciplinary and state-of-the-art
field. Research on contacts between metals and nanomaterials is significant as they can
improve the functionality of miniature electronic devices.

2. Degree of familiarity with the state of the research on the problem and creative
interpretation of the literature

The literature review presents the current state of the researh area, using 52 articles
(total 130). Each chapter is accompanied by a brief overview describing the materials
studied, the deposition and characterization methods. The dissertation contains 98 figures
and 8 tables. The doctoral student demonstrates that he is well acquainted with the
scientific problem under consideration with in-depth research papers analysis. The
doctoral student has successfully defined the unsolved problems in the research field and,
on their basis, has determined the goal and research tasks of the dissertation.

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

The chosen research methodology corresponds to the set goals and objectives. The
obtained results and their interpretation prove the contributions of the doctoral student
and achieve the goal of the dissertation.

4. Scientific and applied contributions of the dissertation

The doctoral student has formulated 9 contributions - 5 scientific and 4 applied.

Scientific contributions can be summarized as follows:

- Contacts between carbyne and various metals (Au, Ag, Pd) and multilayer
metallization with Ni barrier layer have been successfully developed.

- Correlations between annealing temperature, electric field parameters and electrical
characteristics of carbyne/Au, Al, Pd structures have been established. Approach for
bonding Pd and Ag layers on carbyne is developed.

- Contacts between MXene and metals (Ti, Al) were developed and studied. Formation
mechanism and properties of Schottky and ohmic contacts have been established.
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- Contacts between two-dimensional nanomateral MoS, and metals (Mo, Ni) have
been fabricated and investigated.

The applied contributions present the developed of:

- Methodology for measuring the volt-ampere characteristics of metal/carbyne
nanostructures.

- Photo stencils for photolithography for structuring of metal layers.

- Optimization of sustainable, eco-friendly technology for depositing MXene and
MoS, thin films

- Chemiresistive sensor structures

The contributions are grounded on the scientific results and they well formulated,
original and have a scientific and applied impact. The contributions provide new
scientific knowledge and enrich to the development in the field of electronic devices.
They correspond to the set goals of the dissertation.

5. Evaluation of the publications related tothe dissertation.

The doctoral student gives 9 (nine) scientific publications (published in the period
2023 - 2024) related to the dissertation work. Eight paper are indexed in Scopus. In all of
them, the doctoral student is signed as first author, 1 is a single-authored, in 6 papers is
co-authored with his supervisor and in 2 with 4 co-authors.

Until now (12.05.2025), the dissertation publications have 3 citations (excluding self
citation of all authors) as article Ne3 (2 citations) and article Ne4 (1 citation).

6. Opinions, recommendations and remarks

The doctoral student cited the participation in 3 research projects (one international)
related to the dissertation work. He has developed experimental setups that have been
implemented in the educational process at TU-Sofia and in the specialized Erasmus
training course. These facts confirm the relevance and significance of the work.

I have no critical remarks. I recommend that the doctoral student continue on this
multidisciplinary topic of developing sensors for biomedicine.

7. Conclusion

The scientific and applied contributions prove that M.Sc. Eng. Rade Tomov has
achieved high educational level, possessesthe theoretical and research experience. The
doctoral student meets the requirements of TU-Sofia.

I give a positive assessment of the presented dissertation, abstract, results and
contributions. I propose to the esteemed scientific jury to award the educational and
scientific degree "Doctor" to M. Eng. Rade Tomov in professional field 5.2 "Electrical
engineering, electronics and automation", scientific specialty "Electronic manufacturing
technology".

Date: 12.05.20254 ﬁ’ k Member of the Scientific Jury: ( nw)

Sofia 13 ®pp V< (Assoc Prof. Dr. Tatyana Ivanova)
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