PEHHEH3 U

BBPXY AHCEPTALIMOHEH TPY 3a NpUI0OMBAHE Ha
Hay4Ha creneH ,,JIokTop Ha HaykuTe'*

[Ipodecnonanto nanpaenenne: 5.1 Maiunuo MHXKEHEPCTBO

Haytma CIICLHAJTHOCT: ﬂl/lHaMHKa, AKOCT U HAACXKIHOCT Ha MallIMHUTE, YpeAauTe, anmapaTuTe U
CUCTEMHUTE

ABTOp Ha IMCEPTALMOHHUS TPY: JOLL. I-p uHXK. ¢pu3. Benuucnas Murtkor SHues

Tema Ha qucepranuoHHus Tpy: ,, TeXHOIOrHS HA THHKOCIONHHTE PS30HaHCHHU YCTPOHCTBA Ha
JIeMOOBY MUKPOAKYCTHYHM BBJIHU

Ynen Ha Hay4yHOTO sxypu: Tipod. A-p umk. IOnusua ABoposa I'eopruesa, XTMY - Codus

Hucepraunoner Tpya e ogopmen e B 6 riasu u 06w o6eM ot 281 CTpaHHLHM, chabpka 204
¢urypu u 21 Tabnuuu. lucepraumara e npeAcTaBeHa HA AHIMICKH €3HK W BKJIFOYBA crnpaBka 3a
MPUHOCHTE, CMUCBHUM HA H3MOJI3BAHATA JIMTEpaTypa W Ha NyOJIMKALMHUTE W MATEHTUTE [0
aucepraumsra. Ilo aucepraumusara ca mpeicrasenu 30 nyGaukaumd, oT KouTo 29 ca B U3J1aHUs,
pedepupanu B Scopus, KakTo U § nareHra.

1. AxtyanHocT Ha paspaGoTBaHusi B JAHCEPTAUHOHHHS TPYA MpoGieM B HAYYHO H
HAyYHONPHJIOKRHO oTHOWeHHe. CTelleH W HHBA HA AKTYaJHOCTTa Ha mnpobieMa WM
KOHKPEeTHHTE 3a1a4H, pa3paboTeHN B IHCePTALMATA.

TpHKOCHOMHATA €NeKTPO-aKyCTHUHA TEXHOJIOMUs Ce Pa3sBHBA AKTHBHO OT HAyaloTo Ha 90-Te
FOAMHHU U NIHEC MMa Ba)XKHO MSCTO B ChBPEMEHHATa MUKPOENEKTPCHHKA W TelleKoMyHHKauuu. Ts
Hamupa HIMPOKO MPHIOKEHHE B PAHOYECTOTHH (DMITPH C HUCKK 3aryOu, KaKTO M B pa3iTMuHH
BUIIOBE JaTyMLM. brarojapeHue Ha WHTEH3UBHUTE M3C/EABAHKSA Ipe3 MOCHEAHUTE TOJNHM,
Ka4eCTBOTO M YECTOTHUAT OOXBAT Ha TE3W YCTPOHCTBA 3HAYMTEIIHO Ce MoaoOpsBa, KOETO BOAH 10
MacOBOTO MM BHe/psiBaHe B MOOMIHUTE KOMyHMKaLUK B auanazona 700 MHz - 7 GHz.

AKTYalHOCTTa Ha pa3paboTBaHMsl B JMCEPTALMOHHMsSI TPyl NpobieM He OyaM HHKAKBO
CbMHEHHE, ThH KaTO B NOC/IEHUTE FOJIHHH Ce 0Ka3Ba KaTo 0cobeHO MepereKTHBHA THHKOCIOMHATA
TexHoNorus Ha 6azara Ha JleMOOBM aKyCTUUYHM BBIHH, KOSTO JOMMHHUpa TpH uecToTH Hag 5 GHz.
Huckara cebecTOWHOCT M CHBMECTUMOCTTa ¢ HMHTErPajHHUTE CXEMH A MPaBAT MOAXOAAINA 3a
MHUKPOBBJHOBH YCTPOMCTBA OT C/EABALLO MOKOJIEHHE, BKIIOYNTENH0 (QHATPH, MYATHILIEKCOPH U
CHJIHO YYBCTBHTEJIHH UHTETPUPYEMH FPaBUMETPHYHH W TEMIEPATYPHU AATHULIM, KAKTO W AaTYULIH
Ha HajjraHe.

B paboTtata ca pasriefaHn OCHOBHHUTE acrlekTH Ha THHKOCIOWHATA Pe30HAHCHA TEXHONOTHS
Ha JleMOOBH MHKpPOAKYCTHYHM BBIHM. AHANM3HpaHH ca METOJUTE 3a MPOTOTHIIMpAHE Ha
TBHKOC/IOHHH JIeMOOBH pe30HaTOpH BBPXY NMUE30€JEKTPUYHH MEeMOpPaHH OT alyMHUHHEB HUTPHUT U
uTHEB HUODOAT, KaKTO M ca pa3paboTeHH ePeKTHMBHH MOJAENM 3a MPOEKTHpaHe, ONTUMM3aLMsA H
peanu3alMs Ha MHKpOAaKyCTH4YHM YycTpoicrBa. [lpeacraBeHo € aKkTyallHOTO ChCTOSSHHE Ha
TEXHOJIOTHATA, 3aeHO C HayyHUTE MNPUHOCHU MOMEHTH W Cb3pEMEHHWTE HaNpaBjeHHs Ha
pa3BUTHE.



2. CreneH Ha MoO3HaBaHe ChCTOSIHHETO HA podJjiemMa M TBOpYECKA HHTEpPNpPeTAUHs Ha
JHTEPATY PHHSA MAaTEPHAaI.

B pamkure Ha aucepraumonnus pya ca LHTUPaHH JIMTEPATYPHH U3TOYHULM Npeobanasalio
OT nocieanute 25-30 rogunn. OGwmaT um 6poit e 198 U BCHUKM Te ca Ha aHIIMHACKU e3HK.

M3rounuuure ca nybnuxauuu ot ABTOPUTETHH Hay4HH CMUCAHUS M MEXKAYHAPOIHU KOHpEPEHLINH.
B nurepaTypHOTO npoy4BaHe € MpoBeAeH aHATM3 HA TEXHONOIMHTE Ha PaJHOYECTOTHUTE
TBHKOC/IOWHH PE30HATOPM Ha OOEMHH MHMKDPO-aKyCTHYHHM BBJHH, Ha MOBBPXHHUHHU MHKPO-
akyCTMYHH BBJIHW W Ha JlemOoBM MuKpo-akycTHunu BbAHK. [IpencTaBeH e Kato 0030p Ha
CBOJIIOLMATA HA TE3U KIIOYOBH TEXHOJOrMHM, OOXBawlall MepHoja Mpeid M Cclen rosBara Ha
TBHHKOCJIOHHATA PE30HAHCHA TEXHOJOrHs Ha JIeMOOBM aKyCTHYHH BbIHM. Llenra na o630pa € na
OiepTac HaydHHsA W TEXHOJIOTUYEH KOHTEKCT, B KOHTO BB3HWKBAT W3CIIEJBAHUATA, NpeACTaBeHU B
AHCCPTALIHATA, KAKTO U 1a NPOCNIEAH PasBUTHETO HA T€3W TEXHOIOTHH [0 HACTOSILIMS MOMEHT.
JlurepatypHusT 0030p mnokasBa, ue aBTOPBHT MpUTexKaBa 3aAbJ00YEHO [103HABAHE HA
H3CJIe/BaHaTa npodaeMaThKa, IEMOHCTPHPA KOMIETEHTHO GOpaBeHe ¢ MHOKECTBOTO JIMTEPaTypPHH
M3TOYHMLM H TBOPYECKM TMOAXOA [pH TAXHATA HHTEPNpETalUs, KAKTO M MHOTO nobpa
OCBEZIOMCHOCT OTHOCHO CHBPEMEHHOTO ChCTOSIHUE M TEHJEHIMHUTE 3 PA3BUTHETO Ha PasrilesKaaHus
HayyeH npoOnem. [IpeacTaBeHOTO NWTEpaTYpHO MpOyUBaHE e JOCTATHYHO U3YepraTeneHo |

UAJIOCTHO U OCUTypsiBa HeoOXoaumara paMKa B TCOPETHYCH U METCOOJIOrMYEH acIleKT 3a YCIICILIHO
[IPOBEXAAHE HA NUCEPTALIHOHHOTO U3CIEABaHE.

3. CboTBeTCTBHE HA u36pauaTa METOAHNKA Ha H3C/IeIBaHEe H MOCTAaBeHATAa LeJ U 3aauu
Ha JHCEPTAUHOHHH S TPYA € IOCTHTHATHTE NPHHOCH.

M3cnensaneTo € nposeaeHoO upe3s KOMOWHMPAH aHANMTHYEH, YMCIEH U (benomeHoNOrNYEH
MONXOM, HACOYEH KBbM pa3pabOTBAHETO W BaJMAMPAHETO HA e(EKTHBHM WHCTPYMGHTH 3a
MPOCKTHPAHEe HAa TBHKOCIOMHHU pe3oHaTopu Ha JlemMOOBM akycTH4YHM BBIHHM. MeTomukara ce
OCHOBaBa Ha pasIMpPABAaHE W ajanTHPaHe Ha YTBBPIAEHH TEOPETHYHH MOAenH oT ¢u3uKaTa Ha
NOBbPXHHHHHUTE aKyCTUYHU BBJIHU KbM CrieLUHKaTa Ha ThHKOCIOHHHUTE JIEMBOBH CTPYKTYpH.

M3cnienBaHeTo BKIIOYBA QHAJMTHYEH W YHC/IEH MOAXOJ 33 aHAIU3 U MPOEKTUpaHEe Ha
TBHKOCJIONHU JIeMOOBH pe3oHaTopu. AHAIMTHUHUAT TMOJNEBH aHZJIM3 Ha pasnpocTpaHeHHUETO U
Bb30y)kaHeTo Ha JIeMOOBM BBJIHM B NEPUOAMYHH CTPYKTYpH e peanusupaH Ha 0Gasara Ha
teopemata Ha Floquet-Bloch u merona wa dyskuuure wa Green. Umcnenoro MOJe/IUpaHe €
H3BBPLICHO Ype3 METO/a Ha KpaiiHuTe eieMeHTH B cpesata COMSOL Multiphysics, Brarounrento
AUCTIEPCHOHEH aHAJIM3 Ha TPUMEPHHU MEPHOAMYHHN CTPYKTYPH, KaTO pe3y/ITaTUTE ca W3MOJ3BaHU 34
BaJIMJlaLiMsl Ha aHAIMTHYHUTE MOJE/IN. 3 LIC/IHTE HA MPOSKTHPAHETO € MPUIOKEH GOPMaIN3MBT Ha
TEOpHATa Ha CBbP3aHUTE MOAOBE, Ype3 KOHTO ca MOJYYeHH NApaMeTPU3MPaHH OMHUCAHUS U
€KBHBAJICHTHH €JCKTPUYECKH Mozaenu Ha JlemOOBHTE pe3OHATOpH, W3IMO0J3BaHM NPH aHAIM3a U
peanu3alusTa Ha YCTPONCTBaTa, NPeICTABEHH B TUCEPTALIMATA.

M3bpanara MeToJMKa Ha HAyuHUTE W3CMENBAHMS € MOAXO/SINA 3a OCTABEHATA Le U 333Ul
Ha INCEPTaLlMOHHUS TPY/L W MO3BOJISIBA JOKA3BAHETO HA MOCTUIHATHTE PE3y/ITATH.

4. KpaTka aHaJUTHYHA XapaKTePHCTHKA HA eCTeCTBOTO 1 OLEHKA HA JOCTOBEPHOCTTA
Ha MaTepHa/a, BbPXy KOHTO ce rpajsT NPHHOCHTE HA JHCEPTAL AOHHHS TPYA.

JlucepTautOHHUAT TpyA € opopMeH B 6 r1aBu. B mbpBa riiaBa, B KAYECTBOTO HA JIMTEPATYpPEH
0030p, ca pasriefaHd MHKPOAKYyCTHYHHTE TEHOJNOTHH Mpeau W el HM300peTABAHETO Ha
TBbHKOCJIOHHATa pe30HaHCHA TeXHOJIOrusi Ha JIeMOOBM aKyCTUUHHM BBJIHM, KaTo € MpPEeACTABEH W
nporpeca Ha T€3d TEXHOJIOTHH 10 MOMEHTa. BbB BTOpa rnasa ,,Arajiu3 Ha pa3npoCTPAHEHHUETO W
reHepupanero Ha SO BbaHM Ha JlemMO B mepuoguunu cuctemu” ce onmmcBa pa3paboTBaHETO Ha
AQHAJIMTHYHU MHCTPYMEHTH B MOJKpENa Ha MPOSKTUPAHETO HA ThHKOCIOWHK JlemOoBHU pe3oHaTopy.
[To cpuecTBo paspaboTeHHTEe MOJENH NpPEACTABIABAT pasliupsiBade M aJalTHPaHE Ha W3BECTHH



MOZE/H TIpH NPOCKTUPAHETO HA YCTPOKCTBA HA MOBBLPXHHUHHM aKYCTU4YHHU BBJIHU. PaszpaGorenure
aHAJIATHYHH WHCTPYMEHTH Ca WM3MOJI3BAaHH B MPOEKTUPAHETO HA YCTpOKCTBaTa, MpPeACTaBEHU B
cacapaluuTe rnaBu. Tpera rnmaBa ,, TexHoNOrus u MPOTOTHIHPAHE HA PE30HAHCHH CTPYKTYPH Ha
JlemGoBH BBIHU B nuesoesiektpuyeH AIN™ e nocsereHa Ha NPOCKTUPAHETO, MPOTOTHITUPAHETO M
XapaKTEPU3HPAHETO HA THHKOCJIOMHU pe3oHaTopyu Ha JlemGosK aKyCTHUYHH BBJIHH B C-TEKCTYpUpaH
MTUC30CNCKTPHYCH allyMUHUEB HUTPUT JEMO3UPAH BLPXY CHUIMLKHEBA MOANOKKA. B YeTBbpTaTa
rnasa ,.S0 pe3oHaHCHH CTPYKTYpH ¢ MPHIOKEHHUA B HECTOTHKS KOHTPOJI M pPagHOuYECTOTHH
JATYULM® € TMpeAcTaBeHa paboTata No M3cienBaHe Ha MPUIICKUMOCTTAa Ha TBHKOCJOWHATA
TeXHOoJIorus, G6azupana Ha SO BBAHM Ha Jlem6, B AIN memGparu. JleMOHCTpUpaH € yecToTeH
FCHEPATOp C HUCHK LIyM, B KOWUTO JlemOoBuUs pe3oHaTop ce usnonssa kato cTabunusupall ejneMeHT
B CXCeMa C nojio’knTeIHa 0OpaTHa Bphb3ka. [lera raaBa Tpetupa pa3paGoTBaHeToO Ha THHKOC/OHHATA
Pe3OHaHCHA TexHonorus Ha Al JlemGoBM BBIHM, 3amouaiiku OT (usHuHMTE byHnamenry.
OCHOBHOTO npusIOkKEHMEe Ha TO3M TUN YCTPOWCTBA € B LIMPOKONCHTOBH (UATPH 3a
TCJICKOMYHUKALHUTE OT TIETO M LIecTO rokojeHue. OCHOBHUTE MOCTHIKEHHUS ca CBBpP3aHH ¢
MPOCKTHPAHETO Ha LIMPOKOJEHTOBH PE30HATOPH CHBMECTHMH C ajMOYECTOTHHUTE MOLIHOCTH B
CLBPCMCHHMTE TEJIEKOMYHUKALMK. B 1uecTa riasa e 1aaeHo KpaTko onucaHue Ha AUCEPTALIUOHHMUS
TPYA MO TJIaBK U Ca NpPeCTaBEHN Hay4HHUTE, HAYYHO-NPUIOKHNUTE M TPHIOKHU NPHHOCH Ha 6Gasa
NPOBEACHOTO AHUCEPTALIMOHHO H3C/IEABAHE.

JlucepTalMOHHUAT TPy MOXE Ja ce pasriexia Karo eoUH MHOLO YCIELIEeH OIUT 3a
3abJI00YEHO MpEACTaBiHE Ha pa3paboTBAaHETO HAa THHKOCIONHATA pE30HaHCHA TEXHOJIOrHsl Ha
JlemOOBM BBJIHM OT CaMOTO W Hayano, KAaro CHUCTEMATHYHO U3CJIeBa TEOPETHYHHTE,
TEXHOJIOTHIHUTE W TIPUTOXKHWUTE AaCMEeKTH Ha TEXHOJIOTHATA 3aMmouBalikKh OT (U3MYHUTE
(GyHOaMeHTH. AHaNIMTHYHATA XapaKTEpUCTHKa Ha NpOBEJCHUTE M3CJIEABAHUSA JOKasBa
AOCTOBEPHOCTTA HA MaTepHasla, BbPXY KOMTO Ce rpajiiT MPUHOCHTE Ha JAUCEpPTaLUATA.

S. Hayynu H/MIn HayYHONPHJIOKHH TIPHHOCH HA IHCEPTAL HOHHHSI TPYA.

ITprHOCHTE B AMCEPTALIMOHHMS TPY/ ca KATEropu3UpaHd KaTo HAyYHH, Hay4YHO-TPHJIOKHH H
npuiokHU. HakpaTko Te Morar na 6b4aT onucanu, KakTo cliepa:

Hayunure npunocu: - M3o6peren e HOB Kk1ac pafMouecTOTHH MHUKpPO-aKyCTU4YHH PE30HATOpPH
Ha 0a3aTa Ha ThHKH THE30€JIeKTPHYHH ¢JloeBe; - PaspaboTeHa e TeopeTHuHa paMKa 3a MOAENUpaHe
W ONTHMH3ALMA HA THHKOCJOHHM pe30HaTOpH Ha JlemMOOBM aKyCTWYHH BbJIHW. PaswupeHd u
aJlanTHpaHW Ca aHAJIMTUYHK MojJeau Ha Oasara Ha Teopemara Ha FloquetBloch u ¢yHkuMuTEe Ha
Green; - IlpennoxeHH W NPOTOTHIUPAHH Ca MPUHLMIIHO HOB TAII pE30HaHCHH CTPYKTYpHU Ha
JlemboBu akycTmunu BBAHM; - HampaBenn ca u3CleBaHHA BBB BPB3KA C NPaKTHYHUTE
NpUNOKEHUs Ha ThHKOCHOWHHUTE JlemOoBU pe3onaTopu; - M3obperen e ThHKOCTIOCH pesoHaTop Ha
Al JlemboBa BbJIHA ¢ pa3liMpeHa YECTOTHA JIEHTA U MOBHULIEHAa pabOTHA MOLIHOCT.

Hayusno-npunoxuu npunocu: - PaspaGoTeHara TeopetyHa pamka € BrpajeHa B codryep 3a
MPOEKTHpaHe Ha TBHKOCIOHHH JlemOOBH pe3oHaTopw; - IIpoeKTHpaH € (B KOJEKTHUB) MbPBHAT
camockriacyBaH n79 ¢GuiaTbp C HUCKM BHECEHM 3aryOu B J€HTaTa Ha MNPOMYyCKaHe U CTPHMHH
(GUATPOBH XapaKTEPUCTUKH.

[Ipunoxuu npuHocu: - MEMC TexHonorusra e cneuuduyHo agantupaHa (B KOJEKTUB) KbM
HeOOXOJUMHTE CTaHAApTH 3a YCIELIHO NPOTOTHUMHMPAHE HAa TBHKCCHOMHU JIeMOOBM pe30HaHCHH
CTPYKTypH; - PaspaboreHa e (B KOJICKTHB) KOMYHHKAaLMOHHA CHCTEMa C HHCKA KOHCYMHpaHa
MOIIHOCT 4pe3 creuu(puyHo MHTErpUpaHe Ha TpaHC(POpMATOpHH uunoBe Gasupanu Ha JlemMOOBH
BbJIHU.

[Ipuemam mpennodxeHUTe OT aBTOpa Hay4YHM, HAYYHONPHUIIOKHHU W MPHUIIOKHH TIPHHOCH KATO
JOCTOBEPHO (OpMynHMpaHHM, Tbil Karo aJeKBaTHO OTpPa3sBaT CBHLIECTBEHUTE pe3YJITaTH U
MOCTHKEHHUSI Ha JUCEPTALlMOHHUSA TPYA. Te ca CHO apryMEHTHUpaHU W JIOTUMECKU MPOM3THYAT OT
NPOBEACHUTE H3CJIEABAHUS W HalpaBEeHUTE aHa/lIU3U. AKTYaJHOCTTa W 3HAYMMOCTTAa Ha TE3HU



MPUHOCH Ca O€3CMOPHH, KaTO ChIUMTE MMAT MOTEHLMAN 1a AOMpPHHECAT KaKTO 3a pa3BHUTHUETO Ha
CbOTBETHATa HayyHa 0011acT, Taka M 3a HEHHOTO NPaKTHYECKO MPUTOKEHHE.

6. Ouenka 3a cTeneHTa Ha JIHYHOTO Y4acTHe HA JHCEPTAHTA B PHHOCHTE.

Cunram, ye npoBeeHUTe M3CTEABAHNS U CKCMICPUMEHTH, KakTO U MOTYYEHHUTE Pe3yaTaTH H
(hOpMyIHpaHHTE PHHOCH B AMCEPTALMOHHHS TpyA Ha jou. Benuucnas Mutkos SIHues, ca Heroso

JU4HO aeno. Tosa ce NOTBbPIKAABA U OT ny6nm<auum*e MY, KOHUTO Ce KOMEHTHpAT B CJieaBallara
TOYKa.

7. IlpeneHka Ha nyOGAHKAUHHTE IO AHCEPTAUHOHHHSI Tpya: Opoii, xapakrep Ha
H3JAHHATA, B KOMTO ca oTneyatand. OTpaskeHHe B HAYKaTa -- H3NOJ3BaHE M LHTHpPaHe OT
ApYrd aBTOpH, B IPYTH 1a00paTOpHH, CTPAHH H NIp.

[lo Temara Ha aucepraumsata ca npencrasequ 30 MyONMKaLMNK, OT KOUTO 29 ca B MPeCTKHHU
H3fanus, pedepupanu B Scopus (oT Tax 21 B COMCAHMS ¢ WMOAKT (bakrop u 8 B pedepupanu u
MHICKCHpaHU KoHdepeHuuu Ha IEEE B uyxOuna). OT nyGaukauuute Ha nou. SlHues e/lHa e
CaMOCTOATENHA, a B 12 OT TAX TOM € MbpBH aBTOP.

[lutupanusaTa Ha myGankauuuTe no AUCEPTALMATA OT CTATHH 3 Scopus ca Hag 800.

[To nucepraumsra ca npeacraBenu u 8 AMEPHKAHCKH TMATeHTE, OT KOMTO 4 caMOCTOSTE/NHHU, a
B 2 OT OCTaHAJIUTE € Ha TbPBO MACTO B ABTOPCKHS KOJNEKTUB.

Hayunara npoaykumsa na mou. Benumcnas SlHues, Npsko CBbp3aHAa C [MpeACTaBEHUs
AHUCCPTALMOHEH Tpy., ¢ XapaKTepu3npa ¢ MHOrO BUCOKO Hay4YHO HMBO M MMa CHIUECTBEH MPHHOC
3a Pa3BUTHETO Ha pasriekaaHaTa Hay4yHa oOnact. Bpoar Ha mnyGiukauumuTe M LMTATHTE €
JOCTaThYEeH 32 MPUAOOMBAHE Ha HayuyHaTa cTereH “JIOKTOP Ha HeyKMTE” M MpeCTaBs B roisMa

CTeMeH npoueca Ha pabota M MOCTHrHaTHTE pe3yntatd. HaykomeTpuunute moKasatenu
HaJBHUIIaBaT MHOIOKpaTHO U3UCKyemuTe TakuBsa 3a [TH 5.1.

8. M3moa3BaHe HAa pe3y/TaTHTe OT JMCEPTALMOHHMS TPYN B HAYYHATA H COLMAIHATA
npakTuka. Hajmnune na nocTHrHaT npsik nkoHoMuvecku edpexr u mp. HOKyMeHTH, Ha KOUTO
ce OCHOBABA TBBPAEHHETO.

ThHKOC/TOMHATA  pPE30HAHCHA  TEXHOJOrMA Ha JIeMOOEM MHKpPOAKYCTHYHM  BBIHH
NPEACTAB/SBA 3HAYMMa 4YacT OT CbBPEMEHHATA MUKPOAKyCTHYFa TEXHONOrMS ¢ HApacTBAILA
MPaKTHYECKa MPUIOKUMOCT. Makap mbpBoHavanHO M3CNeABaHUATE Aa ca 6unu ¢ GyHIaMeHTaeH

XapaKkTep, B Ipoleca Ha TAXHOTO pa3BUTHE ca WIEHTUGULUHPAHM peaula nNepcreKTHBHY
HarpaBJICHHUS 3a PEaHU MPHUJI0IKEHHS.

B uacTHOCT, HHCKUTE WIYMOBH XapaKTepUCTHKH M B4COKATa YYBCTBHTEJIHOCT HA
TBHKOC/I0/HUTE JIeMOOBH pe30HATOPH I'i MPaBAT NOAXOALIM 32 BHCOKOPE3OMIOLMOHHH AATUHIIH, a
yerpolictBara Ha 6a3ata Ha SO, S1 u Al JlemGoBY BBIHHM J€MOHCTPUpAT CHLIECTBEHHN NPEAMMCTBA
332 HUCKOGHEPrHiHM KOMYyHHKAUWOHHH CHCTEMH M TEJIEKOMYHUKaUHOHHU (unrpu. [TpaktHyeckaTa
3HaYMMOCT Ha TEXHOJIOTWATA BEYE CC MOTBBPIKIAABA OT MbPBU MEAYCTPUANHU PEasM3aLUM U Ce
OYaKBa HEHHOTO MPUIOKEHHUE J1a C€ paslupsBa B ObeLIE.

9. Ouenka Ha CLOTBETCTBHETO HA aBTopedepaTa ¢ H3NCKBAHHATA 32 H3TOTBAHETO MY,
KaAKTO H Ha aJeKBAaTHOCTTA HAa OTpa3siBaHe HA OCHOBHHTE [I0JIOJKEHHSI H NPHHOCHTE HA
AHCEPTALHOHHMS TPYA

ABTOpedepaThT KbM AUCEPTALMATA € NpeACTaBeH Ha Obirapcku e3uk, ohopmeH B o6eM ot 63
CTPaHMLIM U AJIEKBATHO OTpa3sBa LENUTE, 3aJauuTe, ChABPKAHUETO MO IJAaBH U IOCTUTHATUTE
MPUHOCKH B JHUCEPTALMOHHMA Tpyd. ABTOpedepaThT € MOArOTBEH W O(OpMEH ChbINACHO
u3uckBaHuATa Ha TY-Codus wu cuuram, 4e O€3CMNOPHO HOCH CBIUECTBEHHWTE 4YEPTH HA
AUCEPTALIMOHHMS TPY/L M OTpassiBa B MOAXOAALL 00eM M N0 KOPEKTEeF HaYWH HErOBOTO ChABpPIKAHME.



10. Muenus, npenopbKku 1 GeJleskKH.

OueBHAHO e, Ye AMCEPTALMOHHUAT TPyA Ha aol. Benuucnas SHuep MpencTasisABa pe3yaraT
OT TpPOABL/DKUTE/IHA, CHUCTEMATHYHA M LENCHACOYEHA HAayYHOM3:ledoBaTeNlcKa AEHHOCT, KaTo
CBUACTCICTBA 32 MHOrO 3a[BJOOYEHO MMO3HABAHE HA MpeAMeTEaTa 06JacT OT aBTopa. Karo
PE3Y/ITAT Ca MOMYHCHH 3HAYMMHU HAYYHU W HAYYHOTPUIIOKHH PE3YITATH C SCHO U3pa3eHa CTOMHOCT
32 pasriekaaHara HayuHa obnact. [IpaBu nonoxuTenHo Bneyatickue, ye [IPOBECHUTE B paMKUTe
Ha AMCCPTALMOHHMS TPy H3C/JeABaHHMs Cb3AaBaT MPEANOCTABKM M 33 M0-HATATBIIHO pasBHTHE,
KaTo 4acT OT pasrjiefaHUTe acrneKTH Morar Ja ObJaT MAEHTH(MLHUPAHH KaTo NEPCNeKTUBHU
HampasJIeHHA 3a ObJeIa HayyHOM3C e 10BaTeCKa padoTa.

[To3BonsiBam cu 1a oTnpass HAKON GenexkKH KbM NpeaCTaBeHATa pabora:

Ha turynnara cTpanuua Ha aBropedepaTa e JIOMyCHATA HETOYHOCT, KATO €IHOBPEMEHHO €
3anucaHo ,. Jluceprauus 3a npunoGusane Ha obpazoBartenna u HayuHa creneH W ,Jlucepraums 3a
npunoduBaKe Ha HayuHata ctenen JJoKTop Ha HaykuTe:

OOMKHOBEHO UenTa M 3ajlaunTe Ha AUCEPTALMOHHHS TPYJ CE JaBaT B Kpasi Ha JINTEpaTypHUs
0030p, 6a3upaiiku ce Ha JOCTATBYHO apryMEHTHPaHW aHa/lu3M M U3BOAH B Hero. Tyk Te (uenrta u
33[]aYHTE) Ca 3aNUCaHU NPEABAPHTENHO 6€3 HHKAKBA JOrMYecka of OCHOBKA 38 TIXHOTO MPELH3HO
bopmynupane.

3alens3Bar ce U JApyru HETOYHOCTH OT CTHJIOB, TEXHUYECKH 11/MITH (akTonoruuen xapaxrep,
kato Hanpumep: - B onucaununero ,,061ma XapakTepucTUKa Ha AUCePTaLMOHHHS TPYA” € 3amucaHo,
H€ IMCepTaLHATA CE ChCTOM OT 4 IMIaBH, a T€ BCBIUHOCT ca 6 Ha Opoif; - BpoaT Ha my6nukatmuTe no
AUCEpTAllNATA, 3aNdcaH Ha CTp. 7 B aBTOpedepata ce pasanyaBa OT TO3M B CIIUCHKA Ha CTp. 62

PECTl. TO3H B IUCCPTALMATA; - BPOAT HA MATEHTHTE MO JUCEPTALMATA, 3aMHCAH B PE3IOMETO KBM
aBTopedepaTa ce paznuuaBa OT TO3M B CNHMCHKA HA MATEHTUTE Ha cTp. 62-63.

M3kazaHure 3aleneXKH B HHKAKbB Cllydaii HE OMAajoBaXKaBaT [OCTUrHATHTE B
AUCEPTALMOHHUS TPYJ PE3y/ITaTH U NPHUHOCH. LIAOCTHOTO MM MHEHHE 38 AWCEPTALIMOHHHS TPY/L €
CTPOro MOJIOXKHUTEJIHO - aKTyalHa TeMAaTHKA, OPUTHHANIEH MOAXOM, CTPYKTyphpaHa paboTa ¢ 1o6po
Ka4€CTBO Ha WIIHOCTPATHBHUSA MaTepuall.

11. 3akalo4yeHHe ¢ SICHA NOJIOKHTETHA H/IH OTPHULATE/HA OLEHKAa Ha AHCePTALHOHHHS
TPYA.

MosiTa KpaiiHa OLEHKa OTHOCHO ChABPXKAHHETO W MPHHOCHTE HA AMCEPTALMOHHHUS TPYJ €
KaTeropu4yHo nonoxkutenta. Cynuram, Y€ NpecTaBEHUST JUCEPTALIIOHEH TPY OTTOBaps HAIBIHO
Ha M3UCKBAaHWATA Ha 3aKOHA 3a pa3sBUTHE HA aKaJAEeMHYHHs CbCTaB B Pemybnuka Bwiarapus, Ha

[TpaBunnuKa 32 HEroBOTO MPHIIOKEHHE, KAKTO M HAa M3UCKBAHMATA 3a NpuIOOHBAHE Ha HayyHATA
creneH ,,JIokrop Ha Haykure” B TexHuuecku Yuusepcuter - Codus

['opeusnokeHOTO MM JaBa OCHOBaHME yOeleHo jAa npermophyaM Ha VYBaxaemoro HayuHo
Kypu na npuchau Ha gou. A-p HHK. ¢u3. Benuucinas Murxos SInyeB HayuHaTa creneH
»»/JOKTOp Ha HayKuTe” B HayyHa obnacT 5. TexHu4ecku HayKkH, NpoeCHOHaIHO HanpaBieHue 5.1,

Mal1HHO MHXKEHEPCTBO, Hay4yHa crielraHocT “JIMHamMuKa, SIKOCT WM HaJeKIHOCT Ha MallMHHTE,
YpeAnTe, anapaTuTe ¥ CUCTCMUTE .

Codus, 15.01.2026 r. Penensenr:
/mpod. a-p uw<. KOnusua SBoposa/
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The dissertation is structured into 6 chapters with a total length of 281 pages and contains 204
figures and 21 tables. It is written in English and includes a summary of contributions, as well as
lists of the references and of the publications and patents related to the dissertation. A total of 30

publications related to the dissertation are presented, 29 of which are in journals indexed in Scopus,
along with 8 patents.

1. Relevance of the problem developed in the dissertatiocn in scientific and scientific-
applied terms.

Thin-film electro-acoustic technology has been developing actively since the early 1990s and
today occupies an important position in modern microelectronics and telecommunications. It is
widely used in low-loss radio-frequency filters as well as in various types of sensors. Owing to
intensive research in recent years, the performance and frequency range of these devices have
improved significantly, leading to their widespread deployment in mobile communications in the
700 MHz-7 GHz range.

The relevance of the problem addressed in this dissertation is beyond doubt, as thin-film
technology based on Lamb acoustic waves has emerged in recent years as particularly promising
and dominant at frequencies above 5 GHz. Its low cost and compatibility with integrated circuits
make it well suited for next-generation microwave devices, including filters, multiplexers, and
highly sensitive, integrable gravimetric, temperature, and pressure sensors.

The work examines the main aspects of thin-film resonant technology based on Lamb micro-
acoustic waves. Methods for prototyping thin-film Lamb resonators on piezoelectric membranes of
aluminum nitride and lithium niobate are analyzed, and efficient models for the design,
optimization, and implementation of micro-acoustic devices are developed. The current state of the
technology is presented together with the scientific contributions and contemporary directions of
further development.



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

Within the dissertation, the cited literature sources are predominantly from the past 25-30
years. Their total number is 198, and all are in English. The sources consist of publications from
reputable scientific journals and international conferences.

The literature review includes an analysis of radio-frequency thin-film resonator technologies
based on bulk acoustic waves, surface acoustic waves, and Lamb micro-acoustic waves. It presents
an overview of the evolution of these key technologies, covering the period before and after the
emergence of thin-film resonant technology based on Lamb acoustic waves. The purpose of this
review is to outline the scientific and technological context in which the research presented in the
current dissertation has emerged, as well as to trace the development of these technologies up to the
present day.

The above-mentioned literature review demonstrates that the author possesses in-depth
knowledge of the investigated topic, demonstrates competent handling of the multitude of literary
sources and a creative approach to its interpretation, and exhibits a very good awareness of the
current state and development trends of the scientific problem under consideration. The presented
literature study is sufficiently comprehensive and coherent, providing the necessary theoretical and
methodological framework for the successful conduct of the dissertation research.

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

The research was carried out using a combined analytical, numerical, and phenomenological
approach aimed at the development and validation of effective tools for the design of thin-film
Lamb acoustic wave resonators. The methodology is based on the extension and adaptation of
established theoretical models from the physics of surface acoustic waves to the specific
characteristics of thin-film Lamb wave structures.

The study employs both analytical and numerical approaches for the analysis and design of
thin-film Lamb resonators. The analytical field analysis of the propagation and excitation of Lamb
waves in periodic structures is based on the Floquet-Bloch thecrem and the Green’s function
method. Numerical modeling was performed using the finite element method implemented in the
COMSOL Multiphysics environment, including dispersion analysis of three-dimensional periodic
structures, with the results used to validate the analytical models. For design purposes, the
formalism of coupled-mode theory was applied, yielding parameterized descriptions and equivalent
electrical models of the Lamb resonators, which were used in the analysis and realization of the
devices presented in the dissertation.

The selected research methodology is appropriate for the set goal and tasks of the dissertation
and enables the validation of the achieved results.

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

The dissertation is structured into six chapters. The first chapter, serving as a literature review,
examines micro-acoustic technologies before and after the invention of thin-film resonant
technology based on Lamb acoustic waves and presents the progress of these technologies to date.
The second chapter, “Analysis of the Propagation and Generation of SO Lamb Waves in Periodic
Systems” describes the development of analytical tools to support the design of thin-film Lamb
resonators. Essentially, the developed models represent an extension and adaptation of established
models used in the design of surface acoustic wave devices. These analytical tools are applied in the
design of the devices presented in the subsequent chapters. The third chapter, “Technology :and
Prototyping of Lamb Wave Resonant Structures in Piezoelectric AIN” is devoted to the design,



prototyping, and characterization of thin-film Lamb acoustic wave resonators fabricated in c-
textured piezoelectric aluminum nitride deposited on a silicon substrate. The fourth chapter, “S0

Resonant Structures with Applications in Frequency Control and RF Sensors” presents research on
the applicability of thin-film technology based on Sy Lamb waves in AIN membranes. A low-noise
frequency oscillator is demonstrated, in which the Lamb resonator is used as the stabilizing element
in a positive-feedback loop. The fifth chapter addresses the devezlopment of thin-film resonant
technology based on A1 Lamb waves, starting from the underlying physical fundamentals. The
primary application of this type of device is in broadband filters for fifth- and sixth-generation
telecommunications. The main achievements are related to the cesign of broadband resonators
compatible with the RF power levels used in modern telecomraunications. The sixth chapter
provides a brief chapter-by-chapter summary of the dissertation and presents the scientific,
scientific-applied, and applied contributions based on the conducted research.

Overall, the dissertation can be regarded as a very successful attempt at a comprehensive
presentation of the development of thin-film Lamb wave resonant technology from its inception,
systematically examining its theoretical, technological, and applied aspects starting from the
fundamental physical principles. The analytical characterization of the conducted research

demonstrates the reliability and credibility of the material on which the contributions of the
dissertation are based.

S. Scientific and/or scientific-applied contributions of the dissertation work

The contributions of the dissertation are categorized as scientific, scientific-applied, and
applied. Briefly, they can be described as follows:

Scientific contributions: - A new class of radio-frequency micro-acoustic resonators based on
thin piezoelectric layers has been invented; - A theoretical framework for the modeling and
optimization of thin-film Lamb acoustic wave resonators has been developed, including the
extension and adaptation of analytical models based on the Floquet-Bloch theorem and Green’s
functions; - Fundamentally new types of Lamb acoustic wave resonant structures have been
proposed and prototyped; - Studies have been conducted on the practical applications of thin-film
Lamb resonators; - A thin-film A1 Lamb wave resonator with an extended bandwidth and increased
power handling capability has been invented.

Scientific-applied contributions: - The developed theoretical framework has been
implemented in software for the design of thin-film Lamb resonators; - The first self-matched n79
filter with low insertion loss in the passband and steep filter characteristics has been designed (as
part of a research team).

Applied contributions: - MEMS technology has been specifically adapted (as part of a
research team) to meet the required standards for the successful prototyping of thin-film Lamb
resonant structures; - A low-power communication system has been developed (as part of a research
team) through the specific integration of transformer chips based on Lamb waves.

[ accept the scientific, scientific-applied, and applied contributions proposed by the author as
valid and appropriately formulated, as they adequately reflect the essential results and achievements
of the dissertation. They are clearly justified and logically derived from the conducted research and
analyses. The relevance and significance of these contributions are beyond doubt, and they have the
potential to contribute both to the advancement of the respective scientific field and to its practical
applications.

6. Assessment of the degree of personal participation of the candidate in the
contributions.

I consider that the conducted research and experiments, as well as the obtained results and
formulated contributions in the dissertation of Assoc. Prof. Venisislav Yantchev, are his own



personal work. This is further confirmed by his publications, which are discussed in the following
section.

7. Assessment of publications on the dissertation work

On the topic of the dissertation, a total of 30 publications have been presented, of which 29
are in prestigious journals indexed in Scopus (21 in Journals with an impact factor and 8 in refereed
and indexed IEEE conferences abroad). Among Assoc. Prof. Yantchev’s publications, one is single-
authored, and in 12 of them he is the first author.

Citations of the publications related to the dissertation in Scopus-indexed articles exceed 800.

Additionally, eight US patents are associated with the dissertation, of which four are single-
inventor, and in two of the remaining patents he is listed as the first author in the inventor team.

The scientific output of Assoc. Prof. Ventsislay Yantchev, directly related to the presented
dissertation, is characterized by a very high scientific level and maxes a significant contribution to
the development of the studied field. The number of publications and citations is sufficient to obtain
the academic degree of Doctor of Sciences and largely reflects the research process and achieved

results. The scientometric indicators significantly exceed the requirements set forth in professional
field 5.1.

8. Realisation of the dissertation results in scientific and social practice. Evidence of the
achieved direct economic effect and supporting documentation.

Thin-film resonant technology based on Lamb micro-acoustic waves represents an important
segment of modern micro-acoustic technology with increasing practical applicability. Although the
initial research was of a fundamental nature, several promising directions for real-world
applications have been identified during its development.

In particular, the low-noise characteristics and high sensitivity of thin-film Lamb resonators
make them suitable for high-resolution sensors, while devices based on S0, S1, and A1 Lamb waves
demonstrate significant advantages for low-power communication systems and telecommunications
filters. The practical relevance of this technology has already been confirmed by initial industrial
implementations, and its application is expected to expand further in the future.

9. Assessment of the compliance of the Abstract with the requirements for its
preparation, as well as the adequacy of reflecting the main pcints and contributions of the
dissertation work.

The abstract of the dissertation is presented in Bulgarian, comprising 63 pages, and
adequately reflects the objectives, tasks, chapter content, and achieved contributions of the
dissertation. The abstract has been prepared and formatted in accordance with the requirements of

TU-Sofia, and I consider that it clearly conveys the essential features of the dissertation, presenting
its content appropriately and accurately.

10. Comments, recommendations and remarks.

[t is evident that the dissertation of Assoc. Prof. Ventsislav Yantchev represents the result of a
prolonged, systematic, and purposeful research activity, reflecting the author’s deep knowledge of
the subject area. As a result, significant scientific and scientific-applied outcomes have been
achieved, with a clear value for the respective field. It is also noteworthy that the research
conducted within the dissertation lays the groundwork for further development, as some of the
examined aspects can be identified as promising directions for future research.

I would like to make a few comments on the presented work:

An inaccuracy was made on the title page of the abstract, as it was written simultaneously
"Dissertation for the acquisition of an educational and scientific degree" and "Dissertation for the
acquisition of the scientific degree of Doctor of Sciences";



Typically, the goal and tasks of a dissertation are presented at the end of the literature review,
based on well-argued analyses and conclusions. Here, they (the goal and tasks) are stated in
advance without any logical justification for their precise formulation;

Other inaccuracies of a stylistic, technical, and/or factual nature are also noticeable, for
example: - In the description “General characteristics of the dissertation,” it is stated that the

dissertation consists of 4 chapters, while it actually contains 6; - The number of publications related
to the dissertation listed on page 7 of the abstract differs from that in the list on page 62 and
correspondingly from the dissertation itself; - The number of patents mentioned in the abstract
summary differs from the number listed in the patent section on pages 62/63.

The above remarks in no way diminish the results and contributions achieved in the
dissertation. My overall assessment of the dissertation is strictly positive — it addresses a relevant

topic, presents an original approach, and is a well-structured work with good-quality illustrative
material.

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

My final assessment of the content and contributions of the dissertation is categorically
positive. I consider that the presented dissertation fully meets the requirements of the Law on the

Development of the Academic Staff in the Republic of Bulgaria, the Regulations for its
implementation, as well as the requirements for obtaining the scientific degree of “Doctor of
Sciences” at the Technical University of Sofia.

The above gives me reason to confidently recommend to the Honorable Scientific Jury to
award Assoc. Prof. Dr. Eng. Phys. Ventsislav Mitkov Yantchev the scientific degree "Doctor of
Sciences" in the scientific area 5. Technical Sciences, professional field 5.1. Mechanical

Engineering, scientific specialty “Dynamics, strength and reliability of machines, devices,
apparatuses, and systems.”

Sofia, 15.01.2026 Reviewer:

/ Prof. Dr. IEng. Juliana Javorova/



