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PELNEH3US

BBPXY AWCEPTALMOHEH TPYA 3a NpuoOuBane Ha 0OpasoBaTelHa U HayJHa
crerneH ,,JlokTop“ B 061acT Ha BHCIIe 00pa3oBaHHUe ,, [ €XHUYECKH HAayKu",
npodeCHOHATHO HanpasieHue 5.2 ,,EJIeKTpoTeXHNUKa, eNEKTPOHUKA U aBTOMAaTHKa®,
Hay4YHa crenuatHocT “TeXHONOrHs Ha eeKTPOHHOTO MPOU3BOACTBO”

Aemop na Oucepmayuonnus mpyo: Mar. unx. I[serozap JlamsHOB Ilanes,
KaTenpa ,,Mukpoenektpornuka®, ®ETT, Texuuiecku yHUBEPCUTET — Codus

Tema Ha Oucepmayuonnus mpyo: LW3cieaBaHe Ha OKCHIHA ¥ XUOPHUIHY OKCHA-
TNOJMMEPHH ITHE30€IEKTPUYHI €IEMEHTH C IPHJIOKEHHE B HAHO- €ICKTPOMEXaHUTHH
cucremu (HEMC)*

Peyenzenm: pom. n-p umxK. CBerozap KpncreB AnapeeB, TexHuIecKH
yuuBepcureT — Cobus

1. AKTyaJHOCT HAa pa3paGoTBaHMsI B AMCEPTANMOHHHUS Tpya npobieM B
HAYYHO H HAYYHONPHJIO0XKHO oTHomeHHe. CTemeH W HHBA HA AKTYaJTHOCTTa HA
npo6jiemMa B KOHKPETHHTE 32/1a4H, pa3pad0oTeHH B ANCEPTALHUATA

B nocnegHuTe roqguHA MHOTO YCUIIHNA U CpEeACTBa Ca HACOUYCHU KbM THPCEHETO U
U3CiIeABaHETO Ha AJITCPHATHBHU HW3TOYHUIN Ha CHCPIUS B CBCTOBCH Mama6 C el
HaMaJIIBaHE Ha BBIVIEPOAHHUTE €MHUCHU KU OIIa3BaHETO HA KIMMAaTa Ha ILIaHEeTaTa.
C’BIHeBpeMCHHO, npu 6’Bp30 pa3BHUBAIIUTE CE TEXHOJIOI'MH B MMKPOCJIIEKTPOHUKATA,
KBACTO MHHHATIOpHU3aAlUsITa € KIIIOYOB (baKTOp, CC IIPOBEXKIAT HW3CICABAHUA 34a
OCHUT'ypsiBaHE Ha aBTOHOMHO 3aXpaHBaH€ Ha MaJIKH yCTPOﬁCTBa, KOE€TO a4 HOI[f)6pI/I
TAXHATa F’BBKABOCT M 00XBAT Ha IIPUJIOKCHHUC.

B muceprauusTa cu Mar. nHX. L[BeTo3ap Llanes npeacrass U3CaeIBaHNS HMEHHO
B Te3W [BE HANpaBJIEHHSA W TOBa IIOKa3Ba BHCOKaTa CTENEH Ha aKTyaJlHOCT Ha
npo6ieMa. Pa6oTaTa e Haco4ueHa KbM M3CICABaHE Ha METOIHM 32 IIOBMIaBaHe qo0uBa
Ha MHe30-eJIEKTPUYHO HaIpeKeHre, TeHEpUPaHO OT HOBU 0€30J10BHM THHKOCIOHHH
MaTepHallH, [oTydyaBaHy dpe3 TEXHOJIOTHSA ChbBMECTMMA C Ta3d 3a [POU3BOJCTBO HA
UHTErpaiHu cxeMu. ToBa ompeznens menta Ha paborara, a 32 HEHHOTO ITOCTUTaHe ca
nebVHUpaHK ClleqHUTe 3a1a494 — 1. pa3paboTBaHe Ha TEXHOJIOTHS C KOHTPOJIHMPYEMH U
BB3MPOU3BOAUMH TIApaMETPH 3a OTJIaraHe Ha HAHOCIIOEBE OT TE3W MATepPUAIIH BBPXY
pasiU4YHA TOJJIOKKH; 2. — BIpaXAaHEe Ha aTOMM B KpHCTaJIHaTa pelleTKa Ha
IME30€IEKTPHYHHTE MaTePHaU C Pa3INYHU NpeJHa3HAYEHNUs, [ENAIIM yCUIBaHe Ha
NMe30eIeKTPHYHNUS N06uB; 3. — Ch3JaBaHe Ha reoMeTpUYHH (HOPMH, KOHLIEHTpUpaIy
MEXaHHYHOTO HATOBapBaHe OTHOBO C IIeJl IIOBHINABaHe Ha mueso-epekra; 4. -
HaHOCTPYKTYpUpaHe Ha O€30JI0BHHUTE NME30€JICKTPUYHM OKCUIN W TOIUMEpH, 32



@ETT75-HC1-065

Ch3laBaHe Ha MHOXKECTBO MaTpUYHO OpraHU3UPaHU HAHOHUIIKOBH CTPYKTYPH, YAETO
MHE30€JIEKTPUYHO HaIpeXeHNe ce CyMupa.

2.Crenen Ha moO3HABaHe CBHCTOSIHHETO HAa mnpodiaemMa H TBOpYECKa
HHTEpPNpeTANNS HA JUTEPATYPHHS MaTepHAJ

Creq 3amo3HaBaHe ChC ChABPKAHUETO HA NUCEPTALMOHHMS TPYZ CMTaM, 4€ Mar.
urk. I[Berozap LlaneB ce e 3amo3Han B ABJIOOYHMHA C NHE30€NEKTPUYHMSA e]eKT,
BUIOBETe MUe30eIeKTpuuHU eneMeHTH B HEMC, KOHCTpyKTHBHO-TEXHOJIOTHYHHUTE
ocobenocTH mpu usrpaxaane Ha BuOpanponHn MEMC/HEMC c¢ npunoxeHue KaTo
TeHEPaTOPH, TUIOBUTE KOHCTPYKLUM Ha NHE30€JIeKTPUYHUTE [E€HEPATOPH, OCHOBHHU
MaTepHaId 3a M3rPAXIaHETO MM, MaTeMaTU4YeCKUTE 3aBUCHUMOCTH, OIMCBAIU
paboTara Ha MHE30€IEKTPUYHUTE HAHOI€HEPAaTOpPH, KAakKTO M TEXHOJIOTMYHHUTE
TIPOLIECH 3a M3TpaXKAaHe Ha MUE30€JIeKTPUYHH CIOEBE U CTPYKTYypH. JIuTepaTypHOTO
IpoyuBaHe B AWCEPTAIMATa OMKCBAa IOAPOOHO CHBPEMEHHHWTE H3CIEABaHHS II0
temara. B 6ubmuorpadusTa Ha AUCEPTAIMOHHNS TPYA NpUCcheTBAaT 187 tMTepaTypHH
M3TOYHHMKA, OT KOUTO 12 MHTEpHET ajpeca, KaTo OOJNIIMHCTBOTO OT TIX Ca U3AAJECHU
cien 2010 roguna.

3. ChoTBETCTBHE HA n36paHaTa METOANKA Ha H3CJeABaHE C MOoCTaBCHAaTa
HEJa M 32241 HA JUCEPTALMHOHHHAA TPYA

Meroaukara Ha H3CJeBaHe TOYHO M IIOCIEI0BATENHO cliefBa (GopMyIHpaHUTE
3aadd M LM B OUCEPTAllMOHHHS TpyHA. Meroxukara e noOpe o0OCHOBaHa U 3a
HeifHaTta JOCTOBEPHOCT MOX€ Ja Ce CBhAM [0 IIOCTUTHATUTe pe3yJTaTH OT
M3CIIeBaHUATA, aHAIU3UTE UM 1 (POPMYIHpPaHETO Ha 3aKIIOUEHUS.

B muceprauuaTa JOKTOPAaHTHT IIOKa3Ba IOBHINABAHETO Ha €(PEKTHBHOCTTA Ha
reHepUPaHOTO IIHe30eIeKTPUYHO HampexxeHue B ciioeBe oT KamueB HuoGat upes
YCTaHOBEHM TEXHOJIOTMYHHU IIPOIECH, XapaKTePHU 32 MHUKPOEIEKTPOHHKATa, KaTo
YCIIEIITHO YCIIABa Ja ONTUMU3MUpa U KOHTPOJIUPA MOP(OIOrusiTa U MUKPOCTPYKTypaTa
Ha cioeBeTe. JIOKTOpaHTHT Ipejara U IMOAXOJ 3a JIETHpaHe Ha HAHOCJIOEBE OT
MuukoB oxcuy c¢ lammii, karo Mo TO3W HA4YMH MMONOOpsSBa IPOBOAMMOCTTA Ha
MaTepuaia i ChOTBETHO 100MBa Ha MHE30€JIeKTPUIECTBO.

HoBaropcku noaxon, KOHTO € MPeAsIoKeH B AUCEPTALUATA U AaBa ION0XKHUTEICH
pes3yJTar, € Ch31aBaHETO Ha MHEe30eJIEKTPUYHU I'bBKAaBU CTPYKTYypH Ha OCHOBaTa Ha
KaJieB HHOOAT ChC CTPYKTYypHpaHa TOIOJIOTHS, ChIbpXKalla KOHIEHTPAaTOpPH Ha
MEXaHU4YHO HampexeHuwe. [lo To3u HaYMH B U3CJIENBAHUATA CU JOKTOPAHTBHT
IEMOHCTpHpa IO3HaHWS B 00JIacTTa Ha MaTepHalo-3HAHHUETO, TEXHOJOTHHTE B
eJIEKTPOHHOTO IPOU3BOJACTBO U MEXaHUKa.

Jpyro HOBO wW3cliefiBaHe, IpEACTaBEHO B JUCEpTalUsATa € CBBP3aHO C
Bb3MOXHOCTTa 3a Tmpmiarane Ha HaHomopect AAQO, xaro mabioH 3a
HaHOCTPYKTypUpaHe Ha IMHE30eJIEKTPUYHN MaTepualll, U3IOI3BaHU IIPU CIOWHHTE
reseparopu. Pesynrarute moka3BarT 3HaYMTENHO IOBHINaBaHE HA CTOMHOCTUTE Ha
IIUE30€TIEKTPUYHO HAIIPpeXKEHHE B CpaBHEHHE C IUIBTHH, HECTPYKTYPHPaHH



MUAE30€JIEKTPUYHU CJI0€BE€ U CTPYKTYpH TaKHBa C KOHLICHTPAaTOPXA Ha MEXaHUYIHO
HaIIpCXKCHUC.

4. KpaTka aHaJUTHYHA XapPaKTePHCTHKA HA €CTECTBOTO M OLEHKAa Ha
JIOCTOBEPHOCTTA HA MAaTepHajia, BbPXy KOHTO ce rpaasT NPHHOCHTE Ha
AUCEePTAINHOHHHUS TPYX

B yBogHATa TiiaBa aBTOPBT IOCOYBa HAKPAaTKO aKTYalHOCTTa Ha Mpobiema,
00IIecTBeHa M HAy4YHA 3HAYMMOCT Ha TeMaTa M ChbBPEMEHHO ChCTOSHHE HA HAy4HHS
npo6ieM. B IbpBa I7aBa € MOMeCTeH TUTepaTypHus 0630p o TeMaTukara. B kpas Ha
rmaBata ca JAceQUMHMpaHM HeEpelleHHTe NpoOleMH, Bb3 OCHOBa Ha KOHTO €
dopMyTEpaHa OCHOBHATAa L] Ha [MCEPTalUATa U CBbP3aHMTE C NOCTHraHeTo M
3ajaud. BEB BTOpa, TpeTa M YETBHPTA IJIaBa Ca NPEACTaBEHH eKCICPHMEHTAIHUTE
M3CIIeABaHNS Ha JOKTOPAHTA, IOCTUIHATATE Pe3yJITAaTH U anmpobanusra um.

O61muAT 06eM Ha eKCIIEpUMEHTATHATA YacT Bb3/Iu3a Ha 90 CTpaHUIM U TI0Ka3Ba
OrPOMHOTO KOJIMYECTBO paboTa, U3BbpIIEHA 110 BpEM€e Ha JOKTOPaHTypaTa.

CnezBa 3aKkmodeHue ¥ (GOpMyJHMpaHe Ha HaydHO-IPUIIOXKHHUTES M IPHUII0XKHU
IPUHOCH Ha JUCEPTALMOHHIS TP, KaKTo ¥ Oubmiorpadus.

5. Hayuynu W/MaM HAyYHONPHJIOXKHM H MNPHJI0XKHH NPHHOCH HAa
AUCEePTANHOHHUS TPYA

ABTOpBT mpeTeHaupa 3a 6 HAyYHO-NIPWIOXKHM M | NPHUIOXKEH NPHUHOCH B
nucepranusara. Cumram, de Te ca npaBuinHo QGopmynupanu. IIpexcraBeHu ca KaKTo
cienBa:

HayuHo-npuitoXHu IPUHOCH:

1. Pa3pa6oTeHa e TEXHOJIOTHs 38 KOHTPOJIUPYEMO IIOTy4aBaHe Ha HAHOIIOKPHUTHS
OT HOBOCHMHTE3MpaH IIHE30€JIeKTpUdeH Martepuan KamueB Huo6aT (KNbOs3) upes
BaKyyMHO pasIpaliBane. M3cienBano e 3a IbpBU BT IOBEACHUETO HA THHKOCIOWHH
npeobpasysatenu ot OesonoBeH Marepuan KNbOs um e nokasano, ye Te Morar ja
paboTAT B peXMM Ha aITEpPHATHBEH HU3TOYHHK HA €Heprus (HaHOTeHepaTop) Karo
nocrassr eneprus ~7,8 mW/N (~780 pW/kg).

2. PaspaboTeHa € MeToguKa 3a TECTBaHE Ha MHUE30€JIEKTPUYHATA PEeaKkLUys Ha
THHKOCJIONHU Nue3oeneKTpuHu renepatopu oT KNbOs3 u € HampaBeH TEOpeTHYCH
aHAIM3 Ha IIOBEJCHMETO WM, Karto Ha 0a3a Ha TEOPETHYHHTE W3YUCICHUSA H
eKCIIEPUMEHTAIHATE JAHHK € [oTydeHa MHbopManys 3a GyHIaMEHTAIHH [POLECcH,
pa3sBUBAIIM CE B CTPYKTypuTe (HAIpUMep TUIIA Ha MOJIAPHU3aIKs).

3. Pa3paboTeHa € TEXHOIOTHUS 332 KOHTPOIMPYEMO IIOTyYaBaHe Ha HAHOTIOKPHTHS
OT HOBOCHMHTE3MpaH IHE30eNeKTpHYeH Marepuan LuHKoBo-rammeB okcun (GZO).
ITomydeHH ca HOBH B3aMMOBPB3KH MEXAy IHE30€NEKTPUYHATE KOE(HUIMCHTH,
MOpP(}OJIOrHsTa Ha CII0OEBETEe U TEXHOJIOTMYHUTE YCIOBHS Ha ITOJy4aBaHe Ha CIOCBETE,
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KOWTO Ca M3IMOJI3BAHH IPU U3TPAKIAHETO HA CEH30PHA CTPYKTYpa OT MEMOpPaHeH THUIL
¢ 1o00peHa 4yBCTBUTENHOCT OT 5 mV/g.mm.

4. 3a mHpBH BT Ce H3CIENBA THHBKOCIOEH IHME30€IEKTPHICH TeHEpaTop,
CBABPXKalll KPhrOBM KOHIEHTPATOPH Ha MEXaHWYHO HampexeHue. IIpesioxeHa e
TOIIOJIOTHS 34 CTPYKTYpHpaHe Ha HAHOPa3MEPHHM CIIOEBE B TeHEpaTOpHATa CTPYKTYpa,
BOJlela 0 MOBUILEH NOOMB Ha elleKTpUYecKa €HEprus MpU pe30HAaHCHA 4eCTOTa B
HHUCKOYECTOTHUS AHAAIa30H.

5. PaspaboTeHa € TeXHONOrWS 3a IPOU3BOACTBO HA THHKOCIOWHH
IHe30e/IeKTPUYHHI TeHEPATOPH ¢ mofo6peHa e eKTHBHOCT Ha IpeolbpasyBane, opaay
CTPYKTYPHUpAHUTE C KOHLICHTPATOPH CIIOCBE.

6. Cep3mafeHa € TEXHOJOrHS 3a HAHOCTPYKTypHUpaHEe Ha IHE30€JIeKTPUIHH
OKCHIM ¥ TonuMepu mox ¢opMaTra Ha HAHOBJIAaKHA 4Ype3 MAaTPUIHO-aCHCTHUPaHO
U3pacTBaHe B HAHOIIOPECT aHOJICH aTyMUHHUEB OKCHI. Peanu3upany U U3CIEABaHHU Ca
reHepaTOpHH eJIEMEHTH C MOBHUIIeHa e()eKTHBHOCT Ha IpeoOpasyBaHe Ha MEXaHUIHH
BB3ICUCTBHA B €JICKTPUIECKa EHEPIUs CIPAMO €JIEMEHTH ¢ HECTPYKTYpUPAHU CIIOEBE
WM ChC CTPYKTYPHPaHH KOHIICHTPATOPHH €JIEKTPO/IH.

IIpHIoXkKeH NPHHOC

Ce3maneHa e naboparopHa YCTAaHOBKAa 3a AaHOAWpAaHE Ha AIyMHHHH IpH
IOBUIIEHO HaNpeXXeHWe 3a pa3upsBaHE Ha JUaMeThpa Ha HAHOIOPUTE C
HOAIbP)KaHe Ha HUCKA IIOCTOSIHHA TeMIIEpaTypa, CIIoOMaraiio 3a peryJiipHOCTTa Ha
pa3Mepa ¥ pasipefeseHUeTo Ha HAaHOBIaKHATa B JUENEKTPUYHATA MaTpHUIa.

6. Onenka 3a CTeneHTAa HA JIHYHOTO YYacTHE HA JHCEPTAHTA B IPUHOCHTE

CunraM, Ue MONYHEHHTE PE3yiTaTH ca OPMIMHAIHH W Ca JIMYHO JIENO Ha
nokTopaHTa. Te HaIbJIHO CHOTBETCTBAT HA M3MCKBaHMATA 34 JUCEPTALIMOHEH TPYA 3a
npuno6uBane Ha oOpa3zoBaTeHaTa U Hay4JHa cTeleH ,,JlokTop".

7. llpenenka Ha MyGJMKALMHATE MO JHCEPTALHOHHNS TPy/: Opoii, XapaKTep
Ha H3JaHHATA, B KOUTO ca oTnedyaTann. OTpaxeHne B HayKaTa — H3M0JI3BaHEe H
HUTHPAHE OT APYrd aBTOPH, B APYTH J1a00paTOPHH, CTPAHH H MP.

KangupaTsT e npeacraBmi 7 myGIHKaIMK ¢ HEroBO aBTOPCKo ydactue. OT Tsx 3
Ty GIMKAIMY ca IPEICTaBEHH Ha HayqHY KoHbepeHImy — 1 B Beirapus u 2 B Uy x0uHa,
4 myGIMKAIMHK ca B CIIACAHUS KaTo 2 OT Iy OJMKALMUTE Ca B CIIUCAHUSA C BUCOK UMIIAKT
daxrop (7,147 u 3,623), eqHa e B ciMcaHue ¢ UMIAKT paHr. Kanaunarst uMa exHa
CaMOCTOSTENIHA ITyONHMKalHsi, a B APYrd 2 € IMOCOYeH Karo IbepBH asTop. OT
HarpaBeHara cipaBka B Scopus 3abeisa3ax 18 nuTupanus OT Y4y aBTOPU.

8. Mzno/i3BaHe HA Pe3yJTATHUTE OT AHCEPTAlHOHHHS TPyA B Hay4HATa H
COLMAIHATA MPAKTHKA
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PesynTatute ca CBbP3aHU ChbC 33[a4M B TPH HAYYHOHM3CIEHAOBATEICKH NPOCKTA.
JlBa oT TiX 3a QyHIaMeHTAIHM HaydHH uscrensanus kbM ®HU (JIH 07/13/2016)
,AzcienBaHe Ha NMHe30€EKTpUYHATa PEaKysi Ha CIIOWHM MHUKPOTCHEPAaTOpH BBPXY
reBkaBu nomnoxku“ u (KI1-06-H27/1/2018) ,,DepoeneKTpyudHr OKCHUAU BBPXY
CWIMIIAH 32 HOBM CEH30PHH YCTPOMCTBa®) M C €IMH IPOEKT B MMOMOII Ha IOKTOpaHTa
,3cienBaHe Ha OKCHI ChObPXKAIIM NHE30€NEKTPUYHM €IEMEHTH C NPUIOKEHUE B
HAaHOENIEKTpOMeXaHMdHK cuctemu® Ne  192I1J10006-03, HUC na TY-Codus.
Pa3paGoTeHu ca fBe 1a6opaTopHy yIPaXHEHHS [0 JUCIUILTMHNTE ,,HaHomarepuany”
# ,, MHKpOEJIEeKTPOHHH TEXHOJIOTHH 3a aITepPHAaTHBHU H3TOYHUIM Ha eHeprus 3a OKC
MarucTsp Ha  CHOELUATHOCTH ,Enekrponuka® u  ,MHUKpPOTCXHOJOTMH M
nanoumxeHepurr” BsB ®ETT Ha TY-Codust. Temure ca choTBeTHO ,,IlomyyaBane Ha
HAaHOKOMIIO3UTHHM CJO€BE OT ITHE30€JICKTpUYHH HAHOBJIaKHa B AWEICKTpUYHA
MaTpuna“ u ,,JluezoenekTpudHY Npeobpa3yBaTey KaTo reHepaTopy Ha eJIeKTpUIecKa
EHEprusi — TEXHOJIOTWS 3a U3TOTBIHE M M3MEpBaHe HAa OCHOBHH IapaMeTpH Ha
npeoOpa3yBaTenuTe”.

9. OneHKka Ha CLOTBETCTBHETO Ha aBTopedepaTa ¢ HM3UCKBAHHATA 32
M3rOTBSHETO MY, KAKTO M Ha aJeKBATHOCTTa Ha OTpa3siBaHe HA OCHOBHHTE
M0JIOKEHHSI H MPUHOCHTE HA HUCEePTALIHOHHHUS TPy

IIpexncraBenusT aBropedepaT e B o6eM oT 32 crpanuuu. ChbABPKAHUCTO MY
CHOTBETCTBA HA CBHIBPKAHMETO Ha JUCEPTALMOHHUS TpPyA. ABTOpedeparsT
MOCJIeMOBATEIHO ¥ TOYHO II0Ka3Ba OTHAEIHUTE IIaBH OT AucepanusaTa. B Hauanoro €
mpeAcTaBeHa oOIma XapakTepUCTHKa Ha OUCEPTalMOHHUA TPYJ, BKIIOYBAIla
aKTyaJIHOCTTa Ha pemnaBanus npoGiieM. CrieZiBaT LeNTa ¥ 33a4MTe Ha JUCEPTALIATa,
METOJOJIOTHYHATA OCHOBa Ha TpyAa W IPETeHLMHTE 32 IPHMHOCH Ha KaHAWAATA.
ABTOpedepaTsT 3aBBpIIBA ChC CIUCHKA Ha IMyOIMKaIMUTE 110 TPyJa ¥ aHOTalus Ha
AQHTJIMHACKH €3UK.

Ouenkara MH 3a aBTopedepaTa €, 4Ye TOH OTroBaps Ha OOIIONPHUETHUTE
M3MCKBAHUA U OTpa3sABa BIPHO ChABPKAHUETO U IPUHOCUTE HA TUCCPTALMOHHUS TPY .

10. MHeHusl, NpenopbKH B OeTemKH

[MpencTaBeHUAT MU JUCEPTALMOHEH TPy Ha Mar. HHX. L{BeTo3ap I{aneB € MHOTO
nobpe CTIPYKTypWpaH, KaTro ca CHNa3eHH W3UCKBaHUATA 3a H3TOTBIHETO U
odhopmiienrero My. Llenta Ha gucepTanUaTa ¥ CBHP3aHUTE C HEs M3CIIEOBATEIICKH
3amaud ca fAcHO ¢opMmynupanu. JloOpo BIeuUaTIieHWE IpaBM TPEACTaBIHETO Ha
pe3yiTaTUTe OT W3CIEeIBaHUATa B 3aKIIOYEHMs Clle[]l BCsAKa IJlaBa, KaKTo H
ampo0aluaTa Ha TOCTUTHATHTE pe3yiTaTd. 3abens3BaM, Y€ HalIpaBeHUTE CleX
IpeJBapUTENHOTO OOCHKIaHe Ha [OUCEpTalMiATa TEXHHYECKM 3abenexku ca
OTCTPaHEHH.
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11. 3aknioyeHue ¢ SICHa MOJIOJKHTEIHA WJIH OTPHIATE/NHA OLEHKa Ha
JAUCEPTANMOHHUS TPYA

CunraM, Ye TONy4YeHnTe OT Mar. uHx. LiBerosap JlamsaHoB LlaHeB pe3ynaTaTh ca
OPHIMHAJIHY ¥ HAITHIHO CHOTBETCTBAT HA M3MCKBAHWSTA 32 AUCEPTAIMOHEH TPYX 32
npunoOuBane Ha obpasoBaTelHaTa M HaydHa CTEleH ,Jlokrop". PaspaboTkute B
JUCEepTAlMATA Ca OIMCAHM KOMIIETEHTHO M B HeoOXoauMara IIbJIHOTA, U3BOJUTE U
3aKJIFOYCHHUATA Ca MHOTO 100pe IMOCTPOCHH ¥ apryMEHTUPaHu. JIOKTOpaHTBT € MOKPHII
MuHEManHKTe u3nckBanusd Ha TY-Codus.

ToBa MU /1aBa OCHOBaHME Jia MPernopbiaM Ha yBaXaeMOTO XXypH Jia IPUCHIH Ha
mar. umk. [[Betosap JlamsHos LlaneB oGpasoBaTeliHaTa M HayJHa CTETEH ,,JlokTOp™ B
obiacTTa Ha BHCIIe 00pasoBaHHE ,, [EXHHYECKH HAyKH", TPO(PECHOHAIHO
HampaBleHMe 5.2 ,EleKTpOTEXHHKA, CIEKTPOHHMKA M aBTOMATHKa“, HaydHa
crienarHocT “TeXHOMOrks Ha eJIEKTPOHHOTO IIPOU3BOJICTBO”.

Jara : 09.01.2024 . PEIEH3EHT : (m)
rp. Codus ( mou. x-p urx. CBetozap AHIpEEB )
TY - COOUA
QETT
BAPHO C OPUTUHANA!
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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 "Technology of Electronic Manufacturing".
Author of the dissertation: MSc. Eng. Tsvetozar Damyanov Tsanev
Department of Microelectronics, FETT, Technical University of Sofia
Title of the dissertation: ''Study of oxide and hybrid oxide-polymer
piezoelectric elements forapplication in nanoelectromechanical systems (NEMS)"'
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

In recent years, many efforts and funds have been directed to the search and
research of alternative sources of energy on a global scale with the aim of reducing
carbon emissions and protecting the planet's climate. At the same time, with the rapidly
developing technologies in microelectronics, where miniaturization is a key factor,
research is being conducted to provide autonomous power to small devices to improve
their flexibility and scope of application.

In his dissertation, M.Sc. Eng. Tsvetozar Tsanev presents research in these two
directions, and this shows the high degree of relevance of the problem. The work is
aimed at researching methods for increasing the yield of piezo-electric voltage
generated by new lead-free thin-film materials obtained by a technology compatible
with that of integrated circuit production. This determines the goal of the work, and for
its achievement the following tasks are defined - 1. development of a technology with
controllable and reproducible parameters for depositing nanolayers of these materials
on different substrates; 2. — embedding of atoms in the crystal lattice of piezoelectric
materials with different purposes, aimed at increasing the piezoelectric yield; 3. —
creation of geometric shapes, concentrating the mechanical load again in order to
increase the piezo-effect; 4. - nanostructuring of the lead-free piezoelectric oxides and
polymers, to create multiple matrix-organized nanowire structures whose piezoelectric
voltage is summed.

2. Degree of understanding of the problem’s state-of-the-art and creative
interpretation of the references
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After familiarizing myself with the content of the dissertation, I believe that M.Sc.
Eng. Tsvetozar Tsanev has become deeply familiar with the piezoelectric effect, the
types of piezoelectric elements in NEMS, the structural and technological features in
the construction of vibrating MEMS/NEMS with application as generators, the typical
constructions of piezoelectric generators, basic materials for their construction,
mathematical dependencies, describing the operation of piezoelectric nanogenerators,
as well as the technological processes for fabricating piezoelectric layers and
structures. The literature review in the dissertation details the current research on the
topic. The bibliography of the dissertation contains 187 literary sources, 12 of which
are Internet addresses, and most of them were published after 2010.

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

The research methodology precisely and consistently follows the formulated tasks
and objectives in the dissertation work. The methodology is well-founded and its
credibility can be judged by the achieved results of the studies, their analyzes and the
formulation of conclusions.

In the dissertation, the author shows the increase in the efficiency of the generated
piezoelectric voltage in layers of Potassium Niobate through established technological
processes characteristic of microelectronics, successfully managing to optimize and
control the morphology and microstructure of the layers. The PhD student also
proposes an approach for alloying zinc oxide nanolayers with gallium, thereby
improving the conductivity of the material and, accordingly, the yield of
piezoelectricity.

An innovative approach, which was proposed in the dissertation and gave a
positive result, is the creation of piezoelectric flexible structures based on potassium
niobate with a structured topology containing mechanical stress concentrators. In this
way, in his research, the doctoral student demonstrates knowledge in the field of
materials science, technologies in electronic production and mechanics.

Another new research presented in the dissertation is related to the possibility of
applying nanoporous AAO as a template for nanostructuring of piezoelectric materials
used in layered generators. The results show a significant increase in piezoelectric
stress values compared to dense, unstructured piezoelectric layers and structures with
mechanical stress concentrators.

4. A 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 briefly states the topicality of the problem,
social and scientific significance of the topic, and the current state of the scientific
problem. The first chapter contains the literature review on the subject. At the end of
the chapter, the unsolved problems are defined, on the basis of which the main goal of
the dissertation and the tasks related to its achievement are formulated. In the second,



third and fourth chapters, the experimental studies of the PhD student, the achieved
results and their approval are presented.

The total volume of the experimental part counts to 90 pages and shows the huge
amount of work done during the doctoral studies.

This is followed by a conclusion and formulation of the scientific-applied and
applied contributions of the dissertation, as well as a bibliography.

5. Scientific and/or applied contributions of the dissertation

The author claims 6 scientific-applied and 1 applied contributions in the
dissertation. I believe they are correctly worded. They are presented as follows:

Scientific-applied contributions:

1. A technology has been developed for controllable preparation of nanocoatings
from newly synthesized piezoelectric material potassium niobate (KNbO3) by vacuum
sputtering. The behavior of lead-free KNbO3 thin-film converters has been
investigated for the first time and shown to be able to operate in an alternative energy
source (nanogenerator) mode, delivering energy ~7.8 mW/N (~780 pW/kg).

2. A methodology was developed for testing the piezoelectric response of thin-
film piezoelectric generators made of KNbO3 and a theoretical analysis of their
behavior was made, and based on theoretical calculations and experimental data,
information was obtained about fundamental processes developing in the structures
(for example, the type of polarization ).

3. A technology has been developed for the controllable preparation of
nanocoatings from the newly synthesized piezoelectric material zinc-gallium oxide
(GZO). 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?2.

4. For the first time, a thin-film piezoelectric generator containing circular
mechanical stress concentrators is investigated. A topology is proposed for structuring
nanoscale layers in the generator structure, leading to increased electrical energy yield
at resonant frequency in the low frequency range.

5. A technology has been developed for the production of thin-film piezoelectric
generators with improved conversion efficiency due to the concentrator-structured
layers.

6. A technology was created for nanostructuring of piezoelectric oxides and
polymers in the form of nanofibers by matrix-assisted growth in nanoporous anodic
aluminum oxide. Generator elements with increased efficiency of conversion of
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mechanical effects into electrical energy compared to elements with unstructured
layers or with structured concentrator electrodes have been implemented and studied.

Applied contribution

A laboratory setup was established for aluminum anodization under elevated
voltage to expand the diameter of the nanopores while maintaining a low constant
temperature, aiding in the regularity of the size and distribution of the nanofibers in the
dielectric matrix.

6. Assessment of the degree of personal involvement of the dissertation
student in the contributions

I believe that the obtained results are original and are the personal work of the
doctoral student. They fully correspond to the requirements for a dissertation work for
the acquisition of the educational and scientific degree "PhD".

7. Assessment of dissertation publications: number, nature of editions in
which they are printed. Reflection in science — use and citation by other authors,
in other laboratories, countries, etc.

The candidate has submitted 7 publications with his authorship. Of these, 3
publications were presented at scientific conferences - 1 in Bulgaria and 2 abroad, 4
publications were in journals, 2 of the publications were in journals with a high impact
factor (7.147 and 3.623), one was in a journal with an impact rank. The candidate has
one independent publication and is listed as first author in 2 others. From the Scopus
search, I noticed 18 citations from foreign authors.

8. Using the results of the dissertation work in scientific and social practice

The results are related to tasks in three research projects. Two of them for
fundamental scientific research at the National Institute of Scientific Research (JJH
07/13/2016) "Investigation of the piezoelectric response of layered microgenerators on
flexible substrates" and (KII-06-H27/1/2018) "Ferroelectric oxides on silicon for new
sensor devices ") and with one project in support of the doctoral student "Research of
oxide containing piezoelectric elements with application in nanoelectromechanical
systems" No. 192I1J10006-03, NIS of TU-Sofia. Two laboratory exercises were
developed in the disciplines "Nanomaterials" and "Microelectronic technologies for
alternative energy sources" for the OKS Master's degree in "Electronics" and
"Microtechnologies and Nanoengineering" at the Technical University of TU-Sofia.
The topics are, respectively, "Obtaining nanocomposite layers of piezoelectric
nanofibers in a dielectric matrix" and "Piezoelectric transducers as generators of
electrical energy - technology for preparation and measurement of basic parameters of
the transducers".
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9. Assessment of the compliance of the abstract with the requirements for its
preparation, as well as the adequacy of reflecting the main points and
contributions of the dissertation work

The presented abstract is 32 pages long. Its content corresponds to the content of
the dissertation work. The abstract consistently and precisely shows the individual
chapters of the dissertation. At the beginning, a general description of the dissertation
is presented, including the topicality of the solved problem. The aim and tasks of the
dissertation, the methodological basis of the work and the candidate's claims for
contributions follow. The abstract ends with the 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 accurately reflects the content and contributions of the dissertation work.

10. Opinions, recommendations and notes

The presented thesis of mag. Eng. Tsvetozar Tsanev is very well structured, and
the requirements for its preparation and layout are met. The purpose of the dissertation
and the related research tasks are clearly stated. A good impression is made by the
presentation of the research results in conclusions after each chapter, as well as the
approbation of the achieved results. I notice that the technical remarks made after the
preliminary discussion of the dissertation have been removed.

11. Conclusion with a clear positive or negative evaluation of the dissertation
work

I believe that the received from mag. Eng. Tsvetozar Damyanov Tsanev's results
are original and fully correspond to the requirements for a dissertation work for
obtaining the educational and scientific degree "Doctor". The developments in the
dissertation are described competently and in the necessary completeness, the
conclusions and conclusions are very well constructed and argued. met the minimum
requirements of TU-Sofia.

This gives me reason to recommend to the esteemed jury that they award M.Sc.
Eng. 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 : 09.01.2024 T. Reviewer : Wv)

Sofia (assoc. prof. Svetozar Andreev)
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