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CTAHOBHUINE

BBPXY JMCEPTALMOHCH TPYJ 32 MPUI0OHBaHE HA 00pa30BaTENHA H HAYIHA CTENICH ,,IOKTOpP* B

o6uacT Ha BHCIIe 06pa3oBaHuE ,, ] €EXHMUECKU HAYKH, MPOPECHOHATHO HANPABICHHUE 5.2

., BIEKTpOTEXHMKA, CTIEKTPOHNKA H aBTOMATHKA ', HAYYHA CHEIMATHOCT “TexHonorus Ha
€JIEKTPOHHOTO IIPOU3BOJCTBO”

Asmop Ha Oucepmayuonnus mpyo: wmar. umK. Llerosap [lamaHOB ITanes, kaTeapa
,,MukpoenektpoHuka“, OakynTeT Mo €JIEKTPOHHA TEXHHKA ¥ TEXHOIOIHH (DETT), Texnuuecku
yuusepcuteT — Codus

Tema Ha Oucepmayuonnus mpyo. ,JI3cienBaHe HA OKCHIHH M XMUOPHUIHH OKCH/-TIONMMEPHH
[IME30€JIEKTPUIHY €JIEMEHTH C IIPHIIOKEHNE B HAHO-CNICKTPOMEXaHUIHU CUCTEMU (HEMC)“

Unen Ha nayunomo xcypu: npod. ndu Kars Xemesa Byrtosa, THCTUTYT IO €NEKTPOHHKA,
Brarapcka akajgemus Ha Haykute, Codus

Mar. umx. IIsero3ap Jamsanos LlaneB € penoBeH JOKTOPAaHT KbM KaTeapa ,,MHKPOEIEeKTPOHHKA”,
®akynTeT M0 enekTpoHHa TexHuka i TexHonoruu (PETT) npu TexHudeckd YHHBEPCUTET — Codus
(TY-Co¢us). 3a mpouenypaTa IO 3aluTa Ha JUCEPTAlMATa €A NPEACTABEHU BCHYKU HeoOXoaMMHU
JOKYMEHTH.

KauaugarsT e npeacTaBil qucepranys Ha 163 crpaHuiy, ChAbpKalla yBOZ, 4 riaBH, CIIMCHK HA
MyONMKALMMTE HA aBTOpa [0 [UCEPTALMOHHHA Tpyd, OuOimorpadus, COMCRK Ha 3a0emI3aHuTe
IUTUPAHKS U CIIICHK Ha OCHOBHHUTE NIPUHOCH Ha TUCEPTAHTA.

1. AKTyaaHocT Ha paspaloTBaHusi B MCEPTAMOHHMS TPyA NpodjeM B HAy4HO M
HAYYHONPUJIOKHO oTHOmeHne. CTeneH M HMBA HA AKTYAJHOCTTA Ha MpodJjeMa M KOHKPETHHUTE
3a]a4H, pa3padoTeHN B JHCEPTALMATA.

JIMCEepTANMOHHMAT TPYA MPEICTaBs HAYYHUTE M3CIICIBAHUA ¥ IONYICHUTE PE3YITaTH Ha aBTOPA
32 OKCHIHH M XUODHIHH OKCHUA-TIONMMEPHM MHE30€NEKTPUYHH eNeMEHTH C MPUIOKCHHE B HAHO-
CIEKTPOMEXaHWYHH CHCTEMH C el TIOBHIIaBaHe Ha Jo0MBa HA MUE30CNCKTPUYHO HANPEKEHUE, a 10
TO3M HAYMH M HA EIEKTPHYECKa MONIHOCT. EXHY OT Hali-OMyIApHATE SHEPTHHHU MpeobpasyBaTely,
BIPaXJAHH B MHKDO-€IEKTPOMEXAHWIHY U HaHo-enekrpoMexanudany cucremu (MEMC u HEMC), ca
Te3u, MpeobpasyBal MeXaHHUHUTE AehOpManui ¥ BUOpAlMH B ENEKTPUUECKH 3apsj U 06paTHOTO
ype3 NHeE30eNeKTpUuHUs e(eKT. [1Me30eNKTPHYECTBOTO M IHE30CNEKTPUIHMAT edeKT ca IIMPOKO
M3M03BAHY B PA3IMYHU TEXHOJOTMYHH oOnacTd. C MMHHMATIOpH3AIMATA HA €JIEMCHTUTE HAMAJLIBAT U
PECYPCHTE 32 TAXHOTO NMPOM3BOJCTBO, B PE3YNTAT Ha KOETO CE IECTH CHEPrUi M C¢ HaMmalliBa LeHaTa,
KaTo Ce M3MCKBAT PEIICHWS HA HOBM TEXHONOTHYHHM Ipo0jeMu 3a yCIEIIHATa MM pealusanus M
BHezpsiBane. [lepCreKTHBATE NpEX IHE30HAHOTEHEPATOPHTE Ca Ja NPOXB/KAT Ja CE pasBUBaT U
BHEAPSBAT B CHEIMGbHYHM MHKPO- U HAHO-EJEKTPOHHM H3IENMs — yCTpo¥cTBa B 1oMa U oduca,
CeH30pHM MpekH oT uHTepHeT Ha Hemata (IoT), MeaumuHa, TpaHcHopT U ap. Hepemerute npoOiiemMu
ca CBBP3aHH C IOCTHIaHE Ha BHCOKa €(EKTHBHOCT Ha Ipeo0pasyBaHe Ha CHEPruATa M BHCOKa
MEXaHMYHA YCTOWYMBOCT IIPH HApacTBalla MHHHATIOpU3aUMs ¥ CHYETaBaHE C KOHBCHIMOHAIHHTE
TEXHOJIOTHHM 332 MUKPOEIEKTPOHHO IIPOU3BOACTBO. B mpeacTaBeHUs QUCEPTALMOHEH TPY/ CE U3CICABAT
HOBH MAaTepHalM M HAHOCTPYKTYPH OT IHE30€]eKTPUYEH THIl 3a npeolpasyBaHe Ha MEXaHHIHO
HATOBapBaHE B €IICKTPUYESCKH CUTHAN, OAXOAIN 33 3aXpaHBaHe Ha MAIOMOIIHI KOHCYMAaTOPH.

OCHOBHATa el HA HACTOAIIMA MVCEPTAIMOHEH Tpyd € IIOBMIIaBaHe Ha 106uBa Ha
NHE30€IEKTPUYHO HANIPEKEHNE, a B Pe3yITaT Ha TOBA M HA EJIECKTPUYCCKA MOIIHOCT, B HEM3CICABAHH
JI0 TO3W MOMEHT O€30JI0BHM TBHKOCIONHH MAaTEepHalld, MOIY4YEHH II0 TEXHOJOTWsd, ChBMECTHMA C
TEXHOJIOTHATA HA IPOMU3BOACTBO HA MHTETPATHATE CXEMH. 3 NIOCTUIaHE Ha MIOCTaBCHATA IEJ aBTOPBT €
(opMyaupan 4eTHpH OCHOBHHM 33/iauH, CBBP3aHM C paspaloTBaHe Ha TEXHOJIOTHA 32 IIONyYaBaHE Ha
HAHOIOKPHUTHUS OT HOBH OC30JIOBHH MAaTEpHalH C KOHTPOIMPYEMH M BB3NPOHU3BOAMMH MapaMeTpH
BBPXY Pa3sNMYHU MOMIOKKM (CHIMIMEBH U IONMMEPHH I'bBKaBH); MOJNy4aBaHE HA MHUE30CNEKTPHIHH
OKCH/J¥ C BrpaJ€HH aTOMHU B KPHCTAIHATa PEIIeTKa C PasnuuHO NMPCAHA3HAYCHHE — 34 3aCHIIBAHE HA
acHMETpHUATA Ha PElIeTKaTa ¥ YCHIBaHEe Ha JUIOJHMA MOMEHT M 32 YBEJIHNYaBAHE HA €JICKTPUTICCKATa
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TIPOBOJMMOCT Ha CJOS M YCHIBaHE Ha TOKAa B IME30CIEKTPHKd, Ch3JaBaHe Ha KOHIIEHTPAaTOpH Ha
MEXAHMYHO HANpeKeHHe C MOAXOAIA T€OMETPHs M PasNpe/ieeHie BhpXY IbBKaBaTa MOJIONKKA 32
YCHIIBAHE Ha MEXaHMYHOTO HATOBAPBAHE M YBEIWIABAHE HA J00MBa Ha MHUE30ENEKTPUICH 3apsAx OT
eIMHHIA IUIOLL, HAHOCTPYKTypHpaHe Ha Ge30MOBHMTE MHE30CICKTPUIHH OKCHIH H [IOJIUMEPH 33
CB3JaBaHe HAa MHOXECTBO MaTPUYHO  OPTaHW3MPAHM — HAHOHHIIKOBM CTPYKTYpH, YHETO
[IHE30eeKTPHYHO HampexeHue ce cymupa. Toa ompezensi akTyamtocTTa Ha H3cIeaBanus mpobiaeM
KaKTO OT HAyYHA, TaKa M OT HAYYHO-TIPHJIOKHA IVIe/IHA TOTKA.

it

5. CTemeH HA MO3HABAHE CHLCTOSHMETO Ha mpobjeva M TBOpPYECKa HHTEpIpeTalMi Ha
JATEPATYPHHA MATEPHAL.

PemiaBaneTo Ha 3aJa49MTe B AUCEPTALMOHHHS TPYA U3HUCKBAT OT aBTOPA 3aBI00USHN MO3HAHUS B
o6IaCTTa HA THHKOCTHONHH IMEe30ETEKTPUYHN EIEMEHTH OT GE30JOBHYM MaTepHami 1 TEXHOJIOTUIHH
METOJM 33 TAXHOTO IOJMydaBaHe. basupaiiky ce Ha H3NOXKEHOTO B AUCEPTALMATA, CUMTaM 4e aBTOPBT
[103HABA MHOTO /I0Gpe Ta3H MaTepys U € YCIISUI TBOPYECKH /I3 MHTEPIPETHUPA 1 [PHI0XH JIUTEpaTypHUA
matepuai. Ha Tasu ocHOBa ca HOpMyIMPAHH IIENTa 1 33/aTUTE 32 PEIlaBame, KOUTO aJIEKBaTHO OTUMTAT
crenuuKara U IpobaeMuTe 1O TEMaTa.

3. ChOTBETCTBHE HA M30pAHATA METOJUKA HA M3CJe[BAHE H NMOCTABEHATA e M 3a]aH Ha
[HCePTANMOHHHSA TPY/ € NOCTUTHATATE PHHOCH.

ChIBPKAHHETO HA NUCEPTAIMOHHUS TPYA OTIOBaps Ha IOCTaBEHATa LCT 1 3ajaud ¥ u3OpaHaTa
METO/IMKA IPEANoNara KadecTBEHO MOCTHUIaHe Ha LIENTa U YCICIIHO PEaBate Ha HIOCTaBEHUTE 3aJa4H.
IIpoBECHO € CHMYNALMOHHO M EKCHCPUMEHTATHO H3CIC/BAHC Ha BIASHHMETO HAa pasMepa H
pasmpesieNIeHHeTO Ha KPBIOBH KOHIEHTPATOPH HA MEXaHWTHO HATIPEKEHHE B MHKpoMamal BBPXY
IOBEJIEHHETO HA THHKOCJIOMHYM T'bBKABH IHME30€ICKTPHYHY [EHEPATOpH Ha Gaszara Ha KNbO3 u ¢
ONTUMM3MPaHa TOIOJIOTHSATa HA KOHIEHTPATOPHTE 33 TIOCTHIaHE Ha MAakCHMAlcH [ME30€IEKTPUIEH
OGHB B 33/a7IcH YECTOTEH JuanasoH. Pa3paboTeHa ¢ TEXHONOTHS 33 MPOM3BOJCTBO Ha TBHKOCIOHHI
TIHE30EIeKTPUIHN TeHeparopu ¢ monobpeHa e(eKTHBHOCT Ha npeoGpasyBaHe B CIEICTBHE Ha
CTPYKTYPHpAHHUTE C KOHIIGHTPATOPH CloeBe. Peanu3npaHo ¢ 3alb/Bane Ha HAHOCTPYKTYPHPaH aHOJEH
ATTyMUHUCB OKCHJ C TME30CICKTPHICH OKCHJ U C MTHE30CNCKTPHHCH NOTUMED M © JIOKa3aHO, Y€ TaKa
HAHOCTYKTYPHUpAHUTE MHE30CHEKTPUIHY MaTCPHATH [CHEPHUPAT MO-BUCOKO HaIpeXXEHHEe B CPABHECHHUE C
HECTpYKTypupanuTe. VI36paHaTa METOIMKA 33 H3CIE/BAHE U MOMYICHUTE PE3yIITATH OT U3CIIC/IBAHMATA
[OKa3BaT IIBJHO CHOTBETCTBHE MEXJy MOCTABEHHTE LEN W 3a[auM Ha M3CICABAHCTO U HOJTyYeHUTE
TPHHOCH.

4. HaydHu ¥/Iu HAYIHONPHIOKHH M NPUJIOKHY NPAHOCH HA AMCEPTALHOHHUA TPYA.

IIpencTaBeRUAT B AMCEPTALMOHHUS TPYJ MaTepuai, BhPXY KOUTO c€ IpafAT NPHHOCTHUTE, UMa
HAaYJIHO-TIPUJIOXKEH XapakTep. PesynTaTuTe Ca aHaIU3MpaHd h NyOIMKYBaHH B aBTOPUTCTHH Hay4HH
W3aHAs, 3 CHIIO M MPEICTABEHH Ha CIELHATU3MPaHU HayTHH (opymu, KOETO € CBILO AOKA3ATENCTBO
3a TAXHATA JJOCTOBEPHOCT. .

IpuHOCHTE Ca OT HAYYHO-TIPHJIOXKHO €CTECTBO M MOraT Ja Ce OTHECAT KbM ¢dopmupane Ha
IHEe30eNeKTPUYHN CIPYKTYpPH OT HEJOCTaTHYHO M3CICABAHU 0€30JI0BHH OKCHIW, BBPXY TI'bBKAaBH
MOMVIOKKH 33 TPWIOXCHHE B HAHOGNEKTPOMEXAHMYHM CHCTEMH H CBHOTBETCTBAT M3IULIO Ha
CBHABPKAHUETO Ha paboTaTa.

XapakTepsT Ha TPHHOCHTE OLCHIBAM KaTo paspaboTBaHe Ha TEXHOJOTHs 33 KOHTPOJIMPYCMO
NOTy4aBaHe HA HAHONOKPHUTHS OT HOBOCHHTESHPAH NHE3OCHCKTPUHICH MATCPHAl KanmpeB HHOOAT
(KNbO;) kaTo mOCTBEHaTa CHEprus OT THHKOCTOMHY Ipeobpasysatens oT Hero e ~7.8 mW/N;
paspaboTeHa € TeXHOIOTHs 32 KOHTPOIMPYEMO IOIy4aBaHE HA HAHOLOKPHTILL OT HOBOCHHTE3MPaH
IHE30eeKTPUYEH MaTepHuall [IHHKOBO-TAIHEB OKCHA (GZO) u e usrpajeHa CeH30pHa CTPYKTypa OT
MeMOpaHeH THN ¢ NoAo0peHa YyBCTBHTEIHOCT (5 mV/g.mm?’); Tpe;IoXeHa € TOMONOrHd 3a
CTPYKTypHpaHe Ha HAHODAa3MEPHH CIOCBE B TEHEpAaTOpHaTa CTPYKTypa 34 HOBMILIEH ROOMB Ha
eNeKTPUUECKa CHEPrHs IPH PE3OHAHCHA YECTOTa B HHCKOYCCTOTHUS JMallasOH u e paspaboreHa
TEXHONOTHS 32 TMPOM3BOACTBO Ha THHKOCTONHW IME30ENEKTPHIHN TIEHEepaToph ¢ nogoOpeHa
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ebekTHBHOCT Ha TpeoOpasyBaHe; pa3paboTeHa € TEXHONOTMs 32 HAHOCTPYKTYPHPaHE Ha
NIHE30ENeKTPUYHM OKCHIM ¥ TIONHMepH oA GopMarTa Ha HAHOBJIAKHA B HAHOIIOPECT aHOJCH aTyMUHHEB
OKCHI ¥ Ca PEaTu3MpaHH TCHEPATOPHU €NEMEHTH C IIOBMINCHA e(EeKTHBHOCT Ha mpeobpasyBaHe Ha
MEXaHHUYHH BB3JICHCTBHS B €lIeKTpUYecka eHeprui. B MocoyeHMs KOHTEKCT OLCHABAM IIOJTy4CHHTE
TPUHOCH KaTo O€3CIIOPHO MOJIE3HY ¥ 3HAYMNMH.

5. Ipenenxa HAa MyGIMKAMATE O AHCEPTAMOHHMS TPYA: OpOii, XapaKTep HA N3/IAHUATA, B
KONTO ca oTmeuaranu. OTpaxieHne B HAYKaTa — M3NO0J3BaHE M LUTHPaHe OT JPyrH aBTOpPH, B
ApYru JiabopaTopuu, CTPAHH M Ip.

IIpencraBenute 7 myOnuKkanuu oOXBalIaT OCHOBHHUTE €IEMEHTH OT AMCEPTAlMOHHUS TPYA U Ca
KAaKTO CIEABAa: 2 OT TAX Ca B CHELHATH3UPAHU HAyYHW CrucaHus ¢ uMmakT daxrop B Q1 m Q2 u ca
naznexcuparnu B Web of Science u Scopus; 2 ca B u3fanus ¢ uMnaxT padr (SJR), kato eaHara OT TAX € B
Q3; 2 ca B c6oprumu Ha IEEE kondepennuu, pedepupann B Scopus 1 1 mybnukanus B MEXTyHapOTHO
cricanue. EfHa OT CTaTHHTE € CAMOCTOATENHa, B 3 My0/IMKaliy TOKTOPAHTHT € MBPBU CHAaBTOp U B 3
paboTH € BTOpH ChaBTOp. Bemuky myGiuKamuy ca Ha aHrmmitcku esuk. Ot6ensizany ca 13 He3aBHCHMH
LATATa Ha YETHPH OT NPEJICTABEHUTE MyGIMKaLyy, PesynTaTure ca JOKIaJBaHY U Ha 5 MCXKIYHApOIHH
HaydHu KOH(epeHuMHM y Hac M B YyXOMHA W Ca CBbP3aHM C H3IBIHCHHE HA TPH HayqHO-
M3CIIeIOBATEICKH NPOEKTH, BKI. ¥ (uHancupanu oT ony ,,Hayanu uscinensanus. Pazpabotenu ca
1a6OpaTOpPHY YIPAKHEHUS 10 JUCHUIUIMHHTE ,,MMKPOEICKTPOHHM TEXHOJIOTHMM 33 AaITCpPHATHBHU
M3TOYHUIM Ha eHeprus” u ,,Hanomarepuanu® ot Marucrspeku nporpamu BB ®ETT na TY-Codus.

[IpenBun Te3u (GakTH, CMATAM Y€ OCHOBHHTE PE3YyNTATH HA JUCCPTALMOHHHA TPYA Ca CTaHAIN
JOCTOSIHME Ha MEXIyHApOAHATa 1 OBJIrapckara Hay4dHa OOIIHOCT.

6. MHeH¥UsI, IPeNOPHKHA U (eIeKKH.

JIMCepPTALMOHHUAT TPYA NPEICTABIsABA €HA 3aBBPIICHA M3CIEN0BATENCKA PaboTa ¢ MPABHIHHA
u360p HAa pENICHMS W CPENCTBA 3a NOCTHTaHe Ha LenTa, ¢ obeMa Ha H3BbpuIeHAaTa paboTa H
TIOCTUTHATHUTE PE3YJITaTH.

Wmam crequuTe 3a0eIexku: B aBTopedepara, paGoTuTe Ha aBTOpA OT CIHUCHKA Ha MyGIMKalUTe
IO IHCEPTAlMATAa HE Ca LUTHPaHH B TEKCTa; OTOENA3aHM ca 13 HE3aBUCHMH LMTHPAHHUA OT 9TyXKIH
aBTOpH, a € INIPEACTABEH CIOMCHK C 12 nurara; MMa HAKOM IDaMaTUYECKH TPEIIKHM B TEKCTa Ha
JucepTanyiTa u apropedepara.

Te3u Gelexku He NMPOMEHAT OOMIOTO MHOTO A00OpO BIEYaTIeHHe, KOETO MPaBU MPEICTaBEeHMS
TPYZ M BCHYKH JOKYMEHTH IO TIPOLIeIypaTa 3a 3alluTa.

7. 3aK/II0ueHHe ¢ AICHA MOJIOKUTETHA TN OTPHIATE]HA OUEHKA HA TUCEPTANMOHHNS TPYA.

JlucepTanusara ¢ CTpyKTypHpaHa moOpe M INpeABH] NOIYYEHUTE HAyIHO-TIPUIOKHH NPUHOCH,
6pOs ¥ Ka4ECTBOTO HA MyOIMKALMUTE ¥ LUTHPAHUATA, CMATaM, ue paspaborenust ot Liperosap Llanen
JUCEPTALMOHEH TPYJ OTTOBaps HAIbIHO HAa M3MCKBAHMATA HA 3aKOHA 32 pasBUTHE HA aKaJCMHIHHA
cicraB B PenyGmuka Boirapus u [IpaBmnsnka 3a mpuiaraHetro My, kakto u Ha [IpaBmnHpka 3a
YCIIOBUATA U pela 3a npunobuBaHe Ha HayduHu cTeneHy B TY-Codus. [laBaM HOJIOKATEHA OLEHKA 1
yOeeHo mpeajaraM Ha HAay4dHOTO Xypu Aa mpuchau Ha Mmar. mmx. Llgerosap [lamsuos IlaHeB
06pa3oBaTeNHATa M HAyYHa CTEIEH ,,JOKTOP” B 00J1acTTa Ha BHCIIE 00pa30BaHHUE ,, ] eXHUIECKH HayKu“,
npodecHOHATHO HampaBnenue 5.2 ,ENeKTpOTeXHHKA, CNEKTPOHHMKA M aBTOMATHKa“, Hay4yHa
crenuanHocT “TeXHONOrus Ha ENEKTPOHHOTO IPOU3BOACTBO”.

Ilata: 04.01.2024 r. YWIEH HA JKYPUTO: )
rp. Codust (pod. ndu Karsa Byrosa)
N | TY - COPUA 3
Ay _ :
| U\M\W»( GETT |
BAPHO C OPUrMHANA |
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OPINION

on dissertation work for getting educational and scientific degree “doctor” (PhD) in the field
of higher education “Technical studies,” professional field 5.2 “Electrical engineering,
electronics and automation,” scientific specialty “Technology of the electronic production”

Author of the dissertation: MS Eng. Tsvetozar Damianov Tsanev, Department
“Microelectronics”, Faculty of Electronic Engineering and Technology (FEET) at the Technical
University - Sofia (TU-Sofia)

Dissertation theme: “Investigation of oxide and hybrid oxide-polymer piezoelectric elements with
application in nanoelectromechanical systems (NEMS)”

Member of the scientific jury: Professor Katia Zheleva Vutova, DSc, PhD, Institute of
Electronics, Bulgarian Academy of Sciences, Sofia

MS Eng. Tsvetozar Damianov Tsanev is a full-time PhD student in the department
“Microelectronics”, FEET, TU-Sofia. All the necessary documents for the dissertation defense
procedure have been submitted.

The dissertation contains 163 pages, including an introduction, 4 chapters for solving the
formulated main tasks, a list of dissertation publications, a list of references, a list of citations, and a list
of the PhD student’s key contributions.

1. Relevance of the problem developed in the dissertation in scientific and scientific-applied terms.
Level of relevance of the problem and specific tasks, developed in the dissertation.

The dissertation presents the research and results obtained by the author for oxide and hybrid
oxide-polymeric piezoelectric elements relevant to the nano-electromechanical systems with the goal of
increasing the process of obtaining piezoelectric voltage and thus electric power. One of the most
popular electric transformers incorporated in micro-electromechanical and nano-electromechanical
systems are the ones that transform the mechanical deformations and vibrations into electric charge and
vice versa through piezoelectric effect. Piezoelectricity and the piezoelectric effect are widely used in
various technological fields. With the miniaturization of the elements, the resources for their production
also decrease, which leads to energy conservation and price drop, while solutions of new technological
problems are needed in order for successful integration and realization to be achieved. The prognosis for
the piezonano-generators is that they will continue to develop and they will continue to be incorporated
in specific micro and nano-electronic products - home and office devices, sensor networks from Internet
of Things (IoT), medicine, transportation, etc. The problems not yet solved are related to achieving high
efficiency of the energy transformation and high mechanical resistance in the increasing miniaturization
and to the combination with the conventional technologies for microelectronic production. In this
dissertation new materials and nanostructures from piezoelectric type are researched for transforming
the mechanical pressure in electrical signal, suitable for powering low-power consumers.

The main goal of this dissertation is increasing the process of obtaining piezoelectric voltage and
as a result of this of electrical power in leadless thin-layered materials obtained using a technology
similar to the technology used for producing integrated circuits that haven’t been researched up to now.
For achieving the intended goal, the author formulated four main tasks related to the development of
technology for obtaining nanolayers from new leadless materials with controlled and regenerative
parameters over different substrates (silicon and flexible polymeric); obtaining piezoelectric oxides with
integrated atoms in the crystal lattice with various applications; creating concentrators of mechanical
voltage with suitable geometry and placing over the flexible substrate for increasing the mechanical
pressure and increasing the production of piezoelectric charge from a surface unit; nanoconstruction of
leadless piezoelectric oxides and polymers for creating a multitude of matrix organized nanofiber
structures the piezoelectric voltage of which is summed up. This defines the relevance of the researched
problem from a scientific and scientific-applied point of view.
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2. Degree of knowledge of the state of the problem and creative interpretation of the referenced
material.

In order to complete the tasks presented in the dissertation, the author needs to have in-depth
knowledge of the field of thin-layered piezoelectric elements from leadless materials and technological
methods for their obtaining. Based on the material presented in the dissertation, I think that the author
knows really well this field and has successfully and creatively interpreted and applied the literature in
the field. The goal and the tasks to be solved are formulated using this base and adequately relate the
specificity and problems of the theme.

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

The content of the dissertation corresponds to the goal and tasks. Simulation and experimental
research is conducted on the influence of the size and placement of round concentrators and mechanical
voltage in microscale on the behavior of the thin-layered flexible piezoelectric generators on the base of
KNbO;. The topology of the concentrators for achieving maximal level of obtaining piezoelectricity in a
given frequency range is optimized. A technology for producing thin-layered piezoelectric generators
with improved efficiency for transforming is developed as a result of the layers structured with
concentrators. Filling in of the nanostructured piezoelectric aluminium oxide with piezoelectric oxide
and with piezoelectric polymer is realized and it is proven that in this way the nanostructured
piezoelectric materials generate higher voltage compared to the non-structured ones. The chosen
methodology for research and obtained results shows complete overlap between the planned goals and
tasks for the st‘udy and the contributions achieved.

4. Scientific and / or applied scientific contributions to the dissertation.

The material presented in the dissertation, on which the contributions are built, has applied
scientific character. The results are analyzed and published in authoritative journals, as well as
presented at specialized scientific forums, which is also proof of their reliability.

The contributions are of applied scientific nature and can be related to the creation of piezoelectric
structures from under-researched leadless oxides over flexible substrates for application in
nanoelectricalmechanic systems and matches completely the material of the work.

I evaluate the contributions as the development of technology for controllable production of
nanocoatings from newly synthesized piezoelectric material potassium niobate (KNbO;), as the
available energy from thin-film converters from it is ~7.8 mW/N; a technology for controllable
preparation of nanocoatings from newly synthesized piezoelectric material zinc-gallium oxide (GZO)
was developed and a membrane-type sensor structure with improved sensitivity (5 mV/g.mm2) was
obtained; a topology for structuring nanoscale layers in the generator structure for increased electrical
energy yield at resonant frequency in the low-frequency range is proposed, and a technology for
manufacturing thin-film piezoelectric generators with improved conversion efficiency is developed; a
technology for nanostructuring of piezoelectric oxides and polymers in the form of nanofibers in
nanoporous anodic aluminum oxide was developed, and generator elements with increased efficiency of
converting mechanical impacts into electrical energy were realized. In this context, I consider the
contributions received to be undoubtedly useful and significant.

5, Evaluation of the dissertation publications.

The presented 7 publications cover the main elements of the dissertation and they are as follows: 2
of them are in specialized scientific journals with impact factor in Q1 and Q2 indexed in Web of
Science and Scopus; 2 are with SJR and one of them is in Q3; 2 are in IEEE conference proceedings
referred in Scopus and 1 is in an international journal. One of the papers is authored only by T. Tsanev,
T. Tsanev is the first co-author in 3 publications and the second co-author in 3 publications. All
publications are in English. A list of 13 independent citations, concerning four of the presented
publications, is presented. The results have been presented at 5 international scientific conferences in
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Bulgaria and abroad and are related to the completion of 3 scientific research projects, including ones
financed by the Bulgarian National Fund for Scientific Research. Lab manuals have been developed in
the fields “Microelectronic technologies for alternative energy sources” and “Nanomaterials” from
master programs in FEET, TU-Sofia.

Given these facts, I believe that the main results of the dissertation have become available to the
international and Bulgarian scientific community.

6. Critical comments and recommendations.

The dissertation is a completed research work with the right choice of solutions and methods to
achieve the goal, the volume of work performed and the results achieved.

I have the following remarks on the dissertation: in the summary the author’s, papers from the
list of publications based on the dissertation are not cited in the text; 13 independent citations are
marked by foreign authors, but the list with citations shows only 12 citations; there are some
grammatical errors in the text of the dissertation and the summary.

These remarks do not change the overall very good impression made by the dissertation work
presented.

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

The dissertation is well structured and considering the received applied scientific contributions,
the number and quality of the published papers and citations, I think that the dissertation developed by
Tsvetozar Tsanev fully meets the requirements of the Law for development of the academic staff in
Bulgaria as well as The regulations for the terms and conditions for acquiring scientific degrees at TU-
Sofia. I give a positive assessment and convincingly propose to the scientific jury to award MS Eng.
Tsvetozar Damianov Tsanev the educational and scientific degree "Doctor" (PhD) in the the field of
higher education “Technical studies,” professional field 5.2 “Electrical engineering, electronics and
automation,” scientific specialty “Technology of the electronic production”.
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