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1. AKTyaaHocT Ha pa3paGoTBaHHS B JAMCEPTALMOHHHS TPyA mpobieM B HAyIHO M
HAYYHONPHJIOKHO oTHOmeHue. CTeNeH U HABA HA AKTYAJIHOCTTA HA MPO0/iemMa M KOHKPETHHTE
3a1a4H, pa3paGoTeHH B IHCEPTAUATA

UscnenBanusTa B QHUCEPTALMOHHUS TPY/| Ca HACOYEHM KbM pa3paboTBaHEe M M3CNEBAHE HA HOBH
MaTepuaqd U HAHOCTPYKTYPH OT IHE30CNEKTPUYEH THUI, C NPUIOKECHHS 3a npeoOpasyBaHe Ha
MEXaHHYHH yCWIUs B ENeKTPUYECKH CHUTHAN, TMOAXOASIIM 33 3aXpaHBaHE Ha MajOMOIIHA
KOHCYMAaTODH.

BBp30 HABIM3AINMTE MUKPOCNEKTPOMEXAHMYHM M  HAHOGNEKTPOMEXaHWYHH  CHCTEMH U
peanM3upaHuTe Ha TsxHA 0asa yCTPOWCTBA, CNEMBAT TPaiiHATa TEHACHIMA KbM MMHUATIOPH3ALHA H
KBbM MOHIKABAHE HA KOHCYMHpPAaHa OT TAX eNEKTpHuecka MOIHOCT. Ennu oT Hal-pa3smpoCTpaHEHHTe
CEH30pM 33 BrpaKaHe B ChbBPEMEHHHTE MMKDOEJEKTPOHHM YCTPOHCTBA C IIMPOKO IPIIOKEHHE H
My NTHOYHKIMOHATHOCT ca GasupaHd Ha muesonexTpuyHus edexrt. HoBure npenusBUKATENCTBA IPH
Ch3IaBaHe HA HOB THI NHE30JEKTPHYHM CEH30PU INPU CHUETABAHETO HA KJIACHYECKAaTa TEOpUs Ha
IIHE30CCH30pUTE C HOBM HAHOMATEPHANM MpaBM TeMaTa OCOOEHO aKTyalHa M 3Ha4YMMa B Hay1HO-
TIPUJIOXKEH aCIIEKT. .

Ilenta Ha AUCEPTALMOHHKS TPYA € TOBUIIABAHE Ha €JIEKTPUYIecKaTa MOIIHOCT B HEM3CIEABAHU 10
MOMEHTa G€30JI0BHHM THHKOCIOMHH MATEpPHAIA NPENHA3HAYEHH 33 THHKOCIOWHM NHE30€ICKTPHYHH
eHepruiiHy npeobpasyBaTeIy, KaTo 32 H3IILIHEHHUETO Ha Tas| el ca GopMyIHpaHU YeTUPH 321a4H.

2. CteneH Ha NO3HABAHE CHCTOAHMETO HAa mpo0jevMa M TBOPYECKA HHTepHpeTauds Ha
JIMTEPATYPHHS MaTEePUaJ

IMpencTaBeHusT AUCEPTALIOHEH TPYJA € U3JIOXKEH Ha 163 CTpaHWIM, KaTO BKIOYBA YBOJ, METHPH
[JIaBy, 3aKJTIOYEHNe, OCHOBHHU TPMHOCH, CIMCHK Ha MyOnukanmute u 3alessi3aHHUTE KbM MOMEHTa
LIUTHPAHHUs, KAKTO U M3ION3BaHa JUTepaTypa. JIMCEpTaHTBT € M3MO0J3Ball CUCTEMATUIHO JIMTEPATyPHO
NpOy4BaHE B CrieLuanu3upaHy jurepatypuu 6asu ¢ nannu. Ilpencrasenara 6ubnuorpadcka cnpaBka
BKIIOUBA 187 MMTEpaTypHM M3TOYHMKA, OT KOMTO Manko Haj 80% ca myGnuKyBaHH Npe3 MOCTEXHUTE
10 roguHu.

Ha 6Gasata Ha HampaBeHHs JUTEPATypeH 0030p ca AeUHMpAHM HEpENmEHH NpoONemMH U
HeOBGXOIMMOCTTA OT TSXHOTO pemasane. JIUCEPTaHTHT Ce € 3aI03HAT ChC ChCTOSHHUETO Ha Mpobrema 1
Ha OCHOBATA HA HATIPABEHHS aHANU3 Ha M3BECTHATA JHUTEpaTypa ca GpopMynMpaHH NeNTa U 327a9uTe
CTOSIIIM 32 PelaBaHe PU3 JUCEPTALMOHHHUS TPYA.
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3. CroTBeTcTBHE HA M30PAHATA METOAMKA HA M3CJIEABAHE M NOCTABEHATA LieJ M 3aJa4M HA
AMCEPTAUHOHHHSA TPYA C NOCTHTHATHTE PHHOCH,

DopmynupaHaTa [EN W 3a]1a4M Ca NPSKO CBBbP3aHU C U3BOAWTE OT HANPABEHUS JTUTEPATypeH 0630p.
3a u3mBIHEHME Ha IIOCTABEHWTE 3aJ@4d IUCEPTaHTa € u36pan TEeXHOJIOTHMYEeH MOAXOn U
M3CJIEIOBATENICKA METONONOrUs Oa3upaHa Ha KCNEepPHMEHTa, MaTeMaTHYeCKOTO M CHMYJIALUOHHO
monenupane (COMSOL Multiphysics n ompexBaHe 1o MeTona Ha KpaiiHure enemenTtu). Hanpapenure
M3CNIE[IBAHNS C€ [030BaBAaT HA JAHHU OT JIMTEPATYPHH HM3TOYHHMLM, HAYYHH W HAYYHO-IPHIIOKHH
paspaborku. IlocTHrHaTUTE PE3ysITaTH MOTBBPKAABAT aJE€KBATHOCTTA HA M3MOJ3BAHATA METOIMKA 3a
U3CIIEIBaHE.

4. Hayanu n/uny HAyTHONPHJIOKHH M NPHJIOKHH NPUHOCH HA AUCEPTALMOHHHS TPy

ABTOPBT € 0000IMI MONyHeHHTE PE3yJNTaTH B AUCEPTALMOHHUS TPYA M T € H3JI0XKHI KaTo
Hay4YHO-NPUIIOXKHH U MPUIOXKHU PUHOCH Ha IUCEPTALMSTA.

Hayuno-npunooicnu npunocu

1. 3a mpPBU BT € H3CNENBAHO MOBEIEHHETO HA THHKOCJIOWHM MpeoOpasyBaTeny, MOJyYeHH upe3
paspaboTeHa TEXHONOrHsA 3a NOJyYaBaHE HA HOBOCHHTE3MpAH IHE30EJEKTPHUEH MATEePHal KallHeB
Huobat (KNbO3) upe3 BakyyMHO pasnpaiisaHe.

2. Pa3pa60TeHa € HOBa METOAMKA 3a TECTBAHC HA ITHME30CICKTPHYHATA peaKLHs Ha TBHHKOCJIOHHHU
MHUE30CJEKTPUYHN I'€HEPATOPH OT KNbOs u e HaIipaBCH TCOPETUYCH aHAJIN3 Ha MMOBCACHUETO UM, KaTO
CC HU3BCACHH (I)YHI[aMeHTaJ'IHI/I 3aBHCHUMOCTH.

3, Paspa60Te;ia € HOBA TEXHOJIOIMs 32 KOHTPOJIMPYEMO IOJIy4aBaHe Ha HAHOMOKPUTHUS OT LIMHKOBO-
ranueB okcun (GZO). IMomyuenn ca HOBM B3aHMMOBPB3KH MEXKAY MHE30ETIEKTPUIHUTE KOSPUIMEHTH,
MopdonorusTa Ha CIOEBETe W TEXHOJOTMYHHTE YCJOBHS HA TONyYaBaHe HA CJIOEBETE, KOMTO ca
M3NON3BAHH IPH M3rPaXXAaHETO HAa CEH30pHA CTPYKTypa OT MeMOpaHeH TUn ¢ mnoxoOpeHa
4yBCTBUTENHOCT OT 5 mV/g. mm?.

4. 3a mppBU MBT € M3CNENBAH THHBKOCIOCH MUE30EJEKTPUYEH TEHEPATOp MOBHMINEH MOOMB Ha
€JICKTPUYECKA C€HEPIrUus NP PE30HAHCHA YECTOTa B HMCKOYECTOTHUA AMAINA30H, ChAbPKALI KPBrOBH
KOHIIEHTPAaTOpY Ha MEXaHWYHO HANpPEXKEHHE C TOAXOA’INA TOMOJOTHS 3a CTPYKTypHUpaHe Ha
HaHOpa3MEPHH CJIOEBE.

5. Pa3paboTeHa € HOBa TEXHONOTMsS 3a IIPOM3BOACTBO HA TBHHKOCIOMHM MHE30€NEKTPHIHH
reHepaTopu ¢ nofpobpeHa eheKTUBHOCT Ha peobpasyBaHe.

6. C3zazieHa € HOBA TEXHOJIOTHS 38 HAHOCTPYKTYPHUpPAHE HA MHE30€NEKTPUIHH OKCHIH 1 TIONTUMEPH
non Q)opMaTa Ha HaHOBJIaKHa 4YpE3 MAaTpHYHO-aCHCTUPAHO HU3PacCTBAHEC B HaHONOPECT aHOACH
aIyMHHHUEB OKCH.

IIpunoxcnu npunocu

1. Co3manena e naGoparopHa 6a3a 3a aHOAMpaHe HA AJTyMHHUH MU MOBUIIEHO HANpEXKEHHE 33
pasmupsiBaHe Ha AHAMETbpa Ha HAHOIIOPUTE C NOAABPKAHE HA HUCKA [IOCTOSIHHA TEMITIEPATYPA.

IIpuemam QopMynupaHuTe HAYIHO-TIPUIOKHHATE U MPUIOKHK PUHOCH OT TOKTOpaHTa. CumTaMm, ue
TIOJIy4EHUTE PE3YJITaTH Ca OPUTMHAIHY M HAIIBJHO CHOTBETCTBAT HAa U3UCKBAHUSTA 33 NUCEPTALIUOHEH
TpyA 3a mpupobusaHe Ha oOpa3oBaTeNHaTa W HayuHa crened ,,Jlokrop". Hay4uHo-npuoXHHTE U
NPUJIOKHU NIPUHOCH HA AMCEPTALMOHHUA TPYA Ha Mar. WXk, [Bero3ap L{aHeB ca aKkTyaHy U 3HAYMMHU
3a HayKara.
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S. Ilpeuenka Ha mMyOJaHKALMMTE N0 JUCEPTALMOHHHUS TPYA: Opoii, XapakTep HA M3AAHMIATA, B
KOHMTO ca ornmeuatand. OTpameHne B HAYKATAa — H3MOJ3BaHE M LHUTHPAaHEe OT APYTrH aBTOPH, B
Apyru JabopaTopun, CTPaAHH H IP.

Pesynrarure OT U3MBJIHEHUETO HA 3a4a4WTe, IOCTABEHU B JUCEPTALIMOHHMA TPYH ca OQOPMEHHU U
nyOnukyBanu B 7 (cenem) nmyOnukarum. Iler ot nmyOnukaruuTe ca B CIIUCAHMS, HHAEKCUPAHU B Scopus
u Web of Science. [Ise nybnukauuu ca B cOopHuk ¢ moknagu ot HayuHu ¢opymu (MIEL 2019 u
ELECTRONICA 2019), xouto cOopuuim chio ca uHaekcupanu B Scopus. EnHa ot npencraBeHure
nybnukanuy e camocrosTenHa. Brneyatienue npasu ¢axra, de aBe oT myOaukanuuTe ca B CIIMCAHUs C
Bucok uMnakt ¢akrop (IF) - ceoTBeTHO 7.147 1 3.623, a emHa B CNKCAHNE C UMITAKT PAHT.

ITyGnuxanuure no AUCEPTALMOHHUSA TPYXA B KOJIUYECTBEHO U KaUu€CTBEHO OTHOIIEHHE OTTOBAPAT HA
W3NCKBAHMATA HA 3aKkOHA 3a pA3BUTHETO Ha akKaJeMu4yHus cbcTaB B PenyOnuka bobarapus u
IMpaBunHKKa 3a yClnoBUATa U pena 3a npuaobuBaHe Ha Hay4yHH creneHu Ha TY-Codus. Ilpencrasenu
ca maHHM 3a 12 (nBaHajecer) uuTHUpaHus Ha nyOnukauuu B Gasara qaHHU Scopus u ydactue B 3 (Tpu)
HAy4YHO-U3CJIENOBATENCKN mpoekTa — 2 (nBa) OT kouTo ca HaumoHanHu kpM Ponpn ,Hayunu
uscnensanusa” Ha MOH. ITocnennure naHHu caMu mo ce0e CU ca MOKas3aTel 3a BUCOKO KauyecTBO Ha
HanpaBeHUTe MyOIIKaLyu.

6. MueHus1, NPeNoOpbKH U eJIeRKH

JlucepTaLOHHUAT TPYA € B 00JacT, KOSTO € aKkTyanHa M Hejieka 3a pabora. M3cnenBanusTa ca
HANpaBeHU Ka4EeCTBEHO U IpEICTaBeHaTa AUCEPTALMs MMa HAy4YHO-TIPMIIOKHH U NPUIOKHU MPHHOCH.
Hsamam cepuosru kputiynu Genexku. IIperopbkata MM € JUCEPTaHTBT Ja NMPOABIKH Ja paboTu B
Tasu 00JaCT 3a MOCTUraHe Ha CENBALIM 3HAYUMHU PE3YITATH.

7. 3aki0ueHue ¢ ICHA MOJIOKUTENHA HIIH OTPHIATETHA OLEHKA HA AMCEPTALUOHHNS TPYA

Bp3 ocHOBa Ha mpeACTaBeHMs OUCEPTALMOHEH TPYH, 3HAYMMOCTTA HA TOCTUTHATHUTE PE3YJITaTH,
CBABPXKAIIUTE CE B TAX HAyYHO-NIPUIOXKHYU U NPIJIOKHU IIPUHOCH, CUUTaM, Y€ JUCEPTALMOHHUS TPYA
OTroBapsl Ha U3MCKBAaHUATA HA 3aKOHA 32 PAa3BUTUETO HA aKaJeMU4HUS CbCTaB B PermyOiuka Bearapus
u IlpaBunHuka 3a HayuHu crernenu Ha TY-Codus u HamMupaM 3a OCHOBATEJIHO Jia TMpPEAJOXka Ha
Hay4YHOTO XypH Ja MPUCHAM Ha

mar. nHK. [{Bero3ap Jamsanos IlaneB

obpasoBatenHara U Hay4Ha creneH , Jlokrop“ B obnacrra Ha Buciie oOpasoBaHuE ,, TeXHHYECKH
HayKK, TPOQECHOHANHO HanpapieHue 5.2 | EnekTpoTexHuKa, eJeKTPOHUKa M aBTOMAaTHKa“, Hay4Ha
cnenyanHocT “TexHOonorus Ha eNeKTPOHHOTO MPOU3BOICTBO .

Mara: 15.12.2023 1. YJIEH HA XKYPATO: (1)
rp. Codus (mpod. a-p Aunsna H. 'ocioguHoBa)
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1. Relevance of the problem developed in the dissertation work in scientific and applied
scientific terms.

The research in the dissertation work is aimed at the development and research of new materials and
nanostructures of the piezoelectric type, with applications for the conversion of mechanical efforts into
an electrical signal, suitable for powering low-power appliances.

The rapidly entering microelectromechanical and nanoelectromechanical systems and the devices
realized on their basis follow the permanent trend towards miniaturization and towards lowering the
electrical power consumed by them. One of the most common sensors for embedding in modemn
microelectronic devices with wide application and multifunctionality is based on the piezoelectric
effect. The new challenges in creating a new type of piezoelectric sensors in combining the classical
theory of piezosensors with new nanomaterials makes the topic particularly relevant and significant in a
scientific-applied aspect.

The aim of the dissertation is to increase the electrical power in previously unexplored lead-free
thin-film materials intended for thin-film piezoelectric energy converters, and for the fulfillment of this
goal, four tasks are formulated.

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

The presented dissertation is laid out in 163 pages, including an introduction, four chapters, a
conclusion, main contributions, a list of publications and citations noticed so far, as well as references.
The PhD student used systematic literature research in specialized literature databases. The presented
bibliographic reference includes 187 literary sources, of which slightly more than 80% were published
in the last 10 years.

On the basis of the literature review, unsolved problems and the need to solve them are defined. The
PhD student has familiarized himself with the state of the problem and based on the analysis of the
known literature, the goal and tasks to be solved in the dissertation work have been formulated.

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

The formulated goal and tasks are directly related to the conclusions of the literature review. To
fulfill the set tasks, the dissertation has chosen a technological approach and a research methodology
based on the experiment, mathematical and simulation modeling (COMSOL Multiphysics and meshing
according to the finite element method). The conducted studies refer to data from literary sources,
scientific and scientific-applied developments. The achieved results confirm the adequacy of the
research methodology used.
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4. Scientific and/or applied scientific contributions of the dissertation work.

The author summarized the obtained results in the dissertation work and presented them as
scientific-applied and applied contributions of the dissertation.

Scientific and applied contributions are

1. For the first time, the behavior of thin-film transducers obtained by a developed technology for
obtaining newly synthesized piezoelectric material potassium niobate (KNbQOs3) by vacuum sputtering
was investigated.

2. A new methodology for testing the piezoelectric response of thin-film piezoelectric generators
made of KNbO; was developed and a theoretical analysis of their behavior was made, inferring
fundamental dependencies.

3. A new technology has been developed for controllable production of zinc gallium oxide (GZO)
nanocoatings. New interrelationships between piezoelectric coefficients, layer morphology and
technological conditions of layer preparation were obtained, which were used in the construction of a
membrane-type sensor structure with an improved sensitivity of 5 mV/g.mm?

4. For the first time, a thin-film piezoelectric generator with increased electrical energy yield at
resonant frequency in the low-frequency range, containing circular mechanical stress concentrators
with a suitable topology for structuring nanoscale layers, was investigated.

5. A new technology has been developed for the production of thin-film piezoelectric generators
with improved conversion efficiency.

6. A new technology was created for nanostructuring of piezoelectric oxides and polymers in the
form of nanofibers by matrix-assisted growth in nanoporous anodic aluminum oxide.

Applied Contributions

1. A laboratory facility has been established for anodizing aluminum under elevated voltage to
expand the diameter of nanopores while maintaining a low constant temperature.

I accept the formulated scientific-applied and applied contributions from the doctoral student. I
believe that the obtained results are original and fully correspond to the requirements for a dissertation
work for the acquisition of the educational and scientific degree "Doctor". The scientific and applied
contributions of the dissertation work of M.Sc. Eng. Tsvetozar Tsanev are current and significant for
science.

S. Assessment of dissertation publications

The results of the implementation of the tasks set in the dissertation work were formed and
published in 7 (seven) publications. Five of the publications are in journals indexed in Scopus and Web
of Science. Two publications are in proceedings of scientific forums (MIEL 2019 and ELECTRONICA
2019), which proceedings are also indexed in Scopus. One of the featured posts is standalone. It is
impressive that two of the publications are in journals with a high impact factor (IF) - 7.147 and 3.623
respectively, and one in a journal with an impact rank.

The publications on the dissertation in quantitative and qualitative terms meet the requirements of
the Law on the Development of the Academic Staff in the Republic of Bulgaria and the Regulations on
the Terms and Procedures for Acquiring Scientific Degrees of TU-Sofia. Also presented are data on 12
(twelve) citations of publications in the Scopus database and participation in 3 (three) research projects
- 2 (two) of which are national under the Bulgarian Scientific Research Fund of the Ministry of
Education and Science (MES). The latest data in itself is an indicator of the high quality of the
publications made.
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6. Opinions, recommendations and notes

The dissertation is in an area that is current and not easy to work on. The research has been done
qualitatively and the presented dissertation has scientific-applied and applied contributions. I have no
serious criticisms. My recommendation is that the PhD student should continue to work in this area to
achieve further significant results.

7. Conclusion

Based on the presented dissertation work, the significance of the achieved results, the scientific and
applied contributions contained in them, I consider that the dissertation work meets the requirements of
the Law on the Development of the Academic Staff in the Republic of Bulgaria and the Regulations for
Scientific Degrees of TU-Sofia and I find it reasonable to propose to the Scientific Jury to award to

mag. Engineer Tsvetozar Damyanov Tsanev

the educational and scientific degree "Doctor" in the field of higher education "Technical Sciences”,
professional direction 5.2 "Electrical engineering, electronics and automation", scientific specialty
"Technology of electronic production”.

Date: 15.12.2023 MEMBER OF THE JURY: ()
(Prof. eng. D. Gospodinova, PhD)
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