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PEINEH3 U

Hay4iHa CTEIeH ,, JOKTOp Ha HayKATe”,

OOmnacr: 5. Texunvecku HayKH,

IIpodecronanuo nanpasnenwe: 5.1 Mamuuso Nmxenepcrro,
Hayuna cneumannoct: Jlunamuxa, skocT 1 Hamex IHOCT Ha MAaIlUHHUTE,

YpenuTe, arnapaTuTe U CUCTEMHUTE

ABTOp Ha MCEPTALHOHHMS TPYI: JOLI. A-p, MHK. Qu3. Benuunciaas MuTkos

SAH4yeB

Tema na qucepraumonnus Tpya: TeXHOJOHS HA THH KOCJIOHHHTE

PE30HAHCHM YCTPOHCTBA HA JIeMOOBH MHKPOAKYCTHYHH BbJIAHM

Hren Ha HayyHOTO KypH: pod. 1-p, uK. UBan Hukonos Yasnapos

. Axryannocr na paspaGorBanus B AHCEPTAUHOHHHSA TPYA MpodJieM B HAYYHO H

HAYYHONPUI0KHO OTHOMIEHHE.

Temara Ha 1aucepranusTa € CBBp3aHA C H3CIeNBAHE HA PE30HAHCHHU YCTPOICTBa Ha
JlemOoBH MuKpoakycTHuHU BEIHU. ToBa € HOBA, HHOBATHBHA W Obp30 pa3BuBania ce o6nacT
OT TeXHHKara M (pu3UKaTa. TepmunsT ,BbaHa Ha JleMO™ ce OTHacs JI0 THIIA BBJIHA,
CBIICCTBYBAIlla B THHKA I104a, KOATO H3HCKBA CBOOOIHH IOPHH W JOJHU IPAHUIM, 3a [ Ce
NOAABPIKA paspOCTPAaHECHUETO H. 3a NBPBU BT npe3 1917r. aBrHiCKUST MaTeMaTHK Xopac
Jlem06 (Lamb) myGanKyBa cBOSI KJlacCHYeCKH aHATH3 B ONHCAHKE HA aKyCTHYHHU BBJIHU OT TO3H
THUIL, @ ICHCTBUTEIHUTE HAYYHH H3CIeABAHUS 3aM0YBAT eBa npe3 90-Te roJMHE Ha MHHATHS
BeK. M3cnenBanusita BbPXY TEXHOJIOTHATA HA THHKOCTOWHHUTE pe3oHaTopu Ha Jlem6 BLamm
3anoysa rpe3 2005r.

Passutnero Ha u3cneBaHuATa B Ta3H 06IaCT € H3KIIIOYHTENHO EPCIEKTUBHO U CBBHP3aHO
C NpOCKTHpaHEeTO Ha 5G KOMYHHKaUMOHHH (GuITpH, Ga3ipaHy Ha BbIHUTE Ha Lamb. Cien
2020r. TexHOJOrHATAa Ce BBHBEXKZA B MAcOBO MPOH3BOICTBO C OCHOBHO NPUJIOKEHHE B
IHPOKOJICHTOBUTE 3G OE3’KHYHH KOMYHUKAUMOHHM cHcTeMu. Hamupa npunoxkenue mnpu:

MOOHIIHH TeneoHu; B RF KOMYHHKaMOHHNTE (YUITPH; CEH30PHH eJIEMEHTH; BUCOKOYECTOTHH
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IIPUITOKEHHUS U AP. ﬂHCCpTaHHHTa H3CJIeIBa UHOBAaTUBHHU IIPEJIOKHU H TCOPETHYHHU MOJETH

CBBP3aHH € TEXHOJIOTHATA 3a CH3JaBaHe Ha TBHKOCJIONHUTE pe30OHAHCHH YCTpOHCTBa Ha

JleM60oBH MuKpoaKyCTHYHN BEIHY.

[Topamu Te3n npuunum cMsaTam, ge Temara Ha AUCEPTALHMSITA € aKTyalIHa B HAYYHO, HAy4HO-

[IPHIIOXKHO U IIPHJIO’KHO OTHOIIEHHE.

2. Crenen Ha NMO3HABAHE ChCTOSHIETO HA npodjieMa B TBOpYecka HHTePNPeTAIU

HA JIHTEPATYPHUSI MAaTepHal.

ABTODBT € U3MOI3BAT M LUTHpa 06mo 198 JATEPATYPHU H3TOYHHUIM, KATO BCHYKH Ca Ha
AHTIIMHCKH e3uK. CTaTuuTe 00XBAIIAT NOCTETHATE 25 FOJMHH M CBHIIECTBEHA YaCT OT TIX Ca
MyONUKYBAaHH B PEHOMHPAHH, pedepupann, MeXIyHAPOHH CTIMCAHAS H KOH(]epeHIun.

Hanpagsen e nmureparypen npernen i ananms ua ChBPEMEHHOTO HAYYHO HUBO B 00J1aCTTa Ha
TCXHOJIOTHATA 3a CB3JaBaHE HAa THHKOCIONHHTE PE30OHAHCEX YCTpOWCTBA OasMpaHu Ha
JlemGoBu Muxpoaxycrinunn sbann. Toii PCACTaBA ChbBPEMEHHATA MUKPOAKYCTHKA Mpeay H
CleNl M300PEeTSABAHETO HA TEXHOJIOTHATA HA THHKOCIONHHS PE30HaTOp ¢ BBIHHU Ha JlemO u

aHaJIi3 Ha XapaKTePUCTUKHUTE HA Pa3NIPOCTpaHeHHe U BB30yKaHe Ha BBIHHUTE Ha Jlemo.

B murepatypuust 0630p u anamms JIOKTOpaHTa C€ € 3al03Hal ¢ OTPOMHO KOJHYECTBO

MaTe€puaii 1o temara. Pesynrature or Tasm aeifHOCT ca CHCTEMATHU3HPAHH U TBOPYECKHU
HHTEpIpEeTHPaHH.

3. CpoTBercTBHE HA M30PAHATA METOAMKA HA H3C/IeIBaHe H NOCTABeHATa Ue H
3a1aYH HA AMCEPTANHOHHHS TPY/ € NOCTHIHATHTE MPUHOCH.

B mucepranmsra ce mom3Bar ageKkBaTHM M3BECTHH METOAH 3a W3CJIeJBaHe Ha
Pa3MpOCTPaHCHUETO Ha BBJIHH Ha JleMO B mepnonyny cucteMu, M3BbpIieH e KBa3sH-cTaTHUEH
aHaM3 Ha BB30y)knaHero Ha SO BBIHM Ha JlemM6 Ha ICPHOIHYHHU €TICKTPOIHU CTPYKTYPH.
PazpaboTenn ca anropuTvu 3a u3cneBaHe MOCPEACTBOM METOA Ha KpalHUTE €JIEMEHTH, KaTo
© H3BBPUICHO IONBIHCHUE KbM aHAIH3a 3a JMCIEPCHOHHUTE XapaKTepHCTHKH Ha JleMOoBaTa
BB/IHA B paBHUHATA Ha auppakums. IIpeacraBeH e aHamus Ha COOCTBEHH 4ecTOTH Ha 3D
TMCPHOMIIHA KIICTKA, Ha KOATO ca HanoxkeHH Floquet-Bloch nepioxuysan rpanuuny yenosus B
CHOTBCTICTBUHE CBC 3akoHA Ha Snell. TlomsBan e cnemwanuzupan codryep Multiphysics
COMSOL. Pesynrature oT cUMyJaLHHTE ca CPaBHEHH C MOJYYEHHUTE OT AHAIUTHUYHUTE
Meroau. [lon3Banu ca eKCIepHMEHTATHH METOIH, NPH KOHTO Ce U3MEpPBa IPOBOJIUMOCT Ha
PE30HAaTOpUTE B CTpyKTypaTa. HM3sbpuieHo e ontuMmsupane B cpefa 3a aHaau3 Ha
PalHOYeCTOTHH NMPHOOPH CBBP3aHA KBM AHATHTUYEH HHCTPYMEHT OasupaH Ha MeToja Ha
KPaHUTE €JIEMEHTH 3a CUMYJIAIMA HA aKYCTHYHUTE PE30HATODH.

MCTO}II/ITC Ca aICKBATHH U CHOTBETCTBAT HAa I10CTaBeHAaTa 1e)1 B AUCCpTanuATa.
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4. Kpatka aumannrnana X4PAKTCPHCTHKA HA  €CTECTBOTO W  OUEHKA Ha

MIOCTOBEPHOCTTAa Ha MaTepHaJa, BBPXY KOHTO ce rpamar npumocmre ma
AHCEPTANHOHHMS TPy

Paborara e crpyxrypupana B meet rasu. ['maBa 1 ,,.CeBpemenna MHKPOAKyCTHKa IIpeIH U
CIeZ1 300peTABAHETO HAa TEXHONOIHMSTA Ha TBHKOCTIOHHHS PE30HATOp Ha JleMO-BBIIHHTE™,

PEACTaBs HUBOTO Ha NPEAXOAHUTE H3CIENBAHHS B OGIACTTA Pasrnenanu ca texnonoruure
Ha PE30HATOpHUTE: ¢ 00EMHHM aKyCTHYHH BBJIHH: C IIOBBPXHOCTHH aKyCTUYHH BBJIHH H C BBJIHH
Ha JleM0 3a paguouecrory. Bropa rnasa ,,Anamms na PaslpOCTPAHCHUETO H XapaKTEPUCTHKHUTE
Ha BB30yxknane Ha SO JlemGoBu BBIIHU™, OmUcBa pa3paGOTBAHETO HA AHATHTHYHM
HHCTPYMEHTH B [I0JIKpEI1a Ha IPOEKTHPAHETO HA THHKOCTONHH JleMGOBH pe3onaropu. ['nasa 3
PCACTaBs TPOCKTHPAHETO, NPOTOTHIHPAHETO M OIpPENCIAHETO HA XapaKTePHCTHKUTE Ha
TBHKOCJIONHH pe30HaTopH Ha JleMGOBH aKyCTHYHU BBJIHU. [71aBa 4 e o3arnasena ..S0
Pesonaropu ua Jlem6 puanm B MPHTIOKEHHA 38 YECTOTCH KOETPOJ H CEH30PH™ W H3ClieqBa
[IPHIIOKHUMOCTTA Ha THHKOCIOMHATA TEXHOIOrHS 6asupana Ha SO BBIHM Ha Jlem6 B AIN
MemOpanu. [pencraren e yecroren ICHEPATOP € HUCHK WIYM, B KOUTO JleMOOBHS pe3oHaTop
CC U3M0/I13Ba KAaTO CTAOMJIM3MPAIL] €IEMEHT B CXeMa ¢ MOJOKHUTEIHA oOpatHa Bpb3ka. [aBa 5
+Al Pe3onatopu ¢ BeiHu Ha JlemG BEPXY cyOmukpomerposu LiNbO3 mracTHHKE® mokaspa
pa3paboTBaHeTO Ha THHKOCIIOHHATA PC30HAHCHA TeXHOmOoruss Ha JlemMOOBH BBLIHH.
3aKJIFOYUTeIIHATA T71aBa € 03ariaBeHa: ~lIpencraBenara Tesa HakpaTko® ¥ BKIIOUBA GunaTHKM

Oenexxkn. Kato vact ot tasu riasa ca Ne(UHUpAHH TIPUHOCHTE Ha JUCepTalHATa, KOUTO Cca
MOTHBHDPAHH U BATHIHPAHH B IPEIXOIHHTE [JIABH.

5. Hayunn w/nian nayanonpuiosxmm NPHHOCH HA IHCEPTAUHOHHHUS TPY/I:

[Tpunocure wa nmcepraumsta mumar Hay4HO-IIDHJIOKCH XapaKTep W MoraT Ja ce
(opMyIHpaT M0-KpaTKo Karto cielBa:

3a IbpBU IBT € BHBENEHA U OMHCAHA THHKOCIONHATA TeXHoJIorus 6a3upana Ha JleMGoBu
AKYCTHYHH BBIIHM ONHMCBAIA HOB KJIAC PAaJHOYECTOTHH MHKPO-aKyCTHYHH pe3oHaTopu Ha
0aszara Ha THHKH MHE30€JEKTPHYHU CJIOeBe. [IpeioxkeHa e HOBa pe3oHATOpHA CTPYKTYpA ¢
JIBOMHA €JIEKTpHYecKa IIMHA 32 MOTHCKAHE HA HEeYKEIaHH HAI[PEYHH Mapa3suTHH MOJIOBE B
CTpyKkTypara. Pa3spaGorenn ca S0 JlemGoBu PC30HATOPH ¢ BrpajieHa TeMIepaTypHa
KOMIIEHCAlMs Ha YeCToTaTa.

Ch3IalieH € MOJIE H € H3BbpILEHA ONTHMH3ALMS HA TBHKOCIONHH pe3oHaropu Ha JlemboBu
aKyCTHYHHM BBJIHH. Pasmupeny u aganTupany ca aHATHTHYHE MCae/ | Ha Gaszata Ha TeopeMara
Ha Floquet-Bloch u ¢yuknuure na Green. AHaTHTHYHHTE Mmpoueaypu ca oborareHu upes
H3II0I3BAHCTO Ha aHAJIM3 NOCPEACTBOM METOa Ha KpaHUTE eleMEeHTH,

IIpeanoikenn ¥ NPOTOTUNMHMPAHH CA NPHHIMIIHO HOB THII PE30HAHCHU CTPYKTYpH Ha

JIeMOOBH aKyCTHYHM BBHIHH.
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M3Bepmenn ca wmscnenBanus  wnp BPB3Ka €  NPaKkTHYECKHTE MPHIOKEHHS Ha
ThHKOCOMHUTE JleMGOBH pesonaTopy. IIpoextupan e wecroren FEHEPATOP ¢ HUCBLK MIyM,
cTabmusupan mocpenctsom SO JlemGop pesonarop. Chb3aaeH e IpOTOTHIL, KOHTO HMa BHCOKA

MOIIHOCT U HHCBK 0a30B TEPMHYEH 1ITyM,

H300peren e TeHKOCTIOCH pe3onaTop Ha Al JlemGoBa BbiIHA C paslupeHa YeCTOTHA JIeHTa
C IIOBHIICHH pabOTHA MOIIHOCT H HANEIKITHOCT.

Paspaboten e copryep 3a IIPOCKTHPAaHE HAa TBHKOCJIONHHU JleMOOBH pe3oHaTtopn. Codryepa
[TO3BOJIABA MIPOCKTHPAHETO HA MPAKTUYECKH 3HAYUMU PC30HAHCHU CTPYKTYpu Gasupanu Ha
BBIHH Ha Jlem6. PaspaGorena e cucrema 3a ONTHMH3ALIAS, KOATO KOMOMHHpA aKyCTHYHH
MOZEN, CJICKTPOMArHHTHH MOJEITH H MOJENH 32 PaJHOYECTOTEO ONTHMHU3UpPAHE.

[Ipunoxuu npunocu:

MEMC Texnonorusta e 47AITHPAHA KBM CTAHNAPTH 32 YCTIEIIHO Ch3/1aBaHe Ha IPOTOTHIIH
Ha ThHKOC/I0HHY JIeMO0oBH pezonancuu CTPYKTypH. PaspaGorenu ca auarpamu ua IIPOLIECUTE
3a mpoToTHmHpane Ha JleMGoBHu pesonaropu.

PaspaGoTena e koMmyHuKanuoHHA cucTeMa c HHCKa KOHCyMHpaHa MOIUHOCT Ype3

HHTErpHpaHe Ha TPaHCYOPMATOPHH YHIIOBE Gasupanu Ha JIeMGOBH BEITHIL

6. OmeHka 3a cTeneHTa Ha JHYHOTO y4acTHe HAa THCePTAHTA B IPHHOCHTeE,
Ot ananusa Ha nucepranmonHus TPYZ OCTaBaM ¢ yOexxIeHuzs, Je B Herosara LsIoCT TOH e
JIeJI0 Ha I0KTOpaHTa. ChIIMHCKATA YacT HA H3CNIeABAHMATA, HAIACBAHETO Ha JUCEePTallMOHHHUSI

TPy, NPOBEXKIAHETO HA CKCIICPHMEHTH H IIDAHOCHUTE IIpHEeMaM 3a JeJI0 Ha HOKTOpaHTa.

7. Ilpeuenka Ha myGaukamuuTe mo AMCEPTANHOHHMUS TPYI:

3a yuacTHe B KOHKYpca KaHAMIATHT 101, Bennucias SHues e [IPEeACTaBUII CIMMUCEHK OT 00110
30 3arnaBus, kato 29 ot TaX ca pedepupann 8 SCOPUS, a ot Tax eina € caMocTosTe Ha. 7 oT
cratuute ca pepepupanu u B IEEE. B 8 or ctaTuute JAOKTOpaHTa € MbpBHU aBTOp. [IpecTaBen
e crmucek ¢ 8 US marenTa, kato 4 oT TX ca caMOCTOSTENH.

Cnpaska B SCOPUS mnoka3ssa, ue cratunte Ha Benimcnas dnues ca UUTHPAHU OT APYIH
aBTopH noseye ot 2400 bTH.

CraTHUTE U UUTATHTE IOKPUBAT U MHOTOKPAaTHO HaJBHIIABAT HeoOXomumus 6poii TouKH
cnpsamo lIpaBuNHMKa 3a Npuiarane Ha 3aKOHA 3a PasBHTHETO Ha aKaJeMHUYHHUA CHCTAB B
PenyOmuxka Beirapus, 3a o6pazosarenna u HayyHa cterneH JlokTop Ha Haykure.
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8. M3nomBane na PE3YJITATHTE OT AUCEPTANHOHHMS TPYA B HAYYHATA H COLMAIHATA

npaxkTuka. Haamune na nocturnar MPAK HKOHOMUYecKH edpexT M np. Joxkymenrn,
Ha KOHTO €€ 0CHOBABA TBHP/CHHETO.

Bonpexn, ue Hsma [IPCIOCTAaBEHH TOKYMEHTH 3a MIPUIIOKEHAS OT HHAyCTpuanuu GpupMmu Ha
PE3yJITaTHTE OT AMCEPTALMATA, TOISIMA YACT OT IIPHHOCHUTE Ca CBBP3aHH CHC CH3aBAHETO HA
TMPAKTHHCCKH NPUIOKUMH HpOTOTHNH. CMSTaM, ue PE3YNTaTHTE HMAaT IIOHE KOCBEHO

OTHOWICHHE KbM WMHAYCTPHAIHH NPHIOKEHHS B 061acTTa HA TeJIeKOMyHUKanmuTe. Hsama
NPENOCTABEHH NOKYMEHTH 3a NMPAK HKOHOMHYECKH e(exT.

9. Ouenka Ha CbOTBETCTBHETO Ha apTopedepara ¢ H3MCKBAHUATA 32 H3rOTBAIHETO

MY, KaKTO H Ha aJeKBATHOCTTA HA OTPA3SIBAHE HA OCHOBHHTE NOJI0KEHHS H
MPHHOCHTE HA AHCEPTANHOHHHS TPY/IL.

ABTOpedepaThT € 0hopMeH CHIIIACHO H3NCKBAHMATA H aJEKBATHO OTpassiBa 3aaduTe,
PE3YJITATUTE U NPETEHIUNTE 33 NPHHOCH HA IUCEPTAIMOHHHS TPY.I.

10. MueHusi, npenopsKu 1 6eresKK.

Temara Ha mucepraumsra e AKTyaslHa M H3HCKBA KOMIUICKCHH I03HaHHs. ITpaBu 106po
BII€HaT/IeHHEe, 4¢ padoTara € ChCPeJIOTOYEHA B €IHH KOHKPETEH NpoOsieM, BbpXy KOHTO
AOKTOpaHTa € padoTuia ¢ rojaunu. Temara e paspaboTeHa TeopeTHYHO. €KCIIEPUMEHTAITHO U
MPUIOKHO. Pesynratute ca mnyGiaukysand B pedepupaHn ¥ WHIEKCHPAaHH W3NAHHS WU

MHOTOKpaTHO UHTHPaHH. [lucepranusira npeacTaBs e camo TEOPETHYHH H €KCIIEPHMEHTAIHH

PE3yJITaTH, HO € IMOJKpPEIeHa U C IIATeHTH.

OCHOBHHTE MH NPENOPHKH Ca CBbP3aHH ¢ HAYMHA HA U3JI0JKeHUE, CTPYKTYpaTa U CTHIIa Ha
JUCepTaluUsTa:

Ienta u 3anaunte ca Gpopmynupany B caMoTo HAYATO HA Jucepranusra. Cmstam, ue Te
MOraT Jia ce (hOopMyIUpar Io-SCHO H no-kpatko. Jlobpe e nenra na ce dbopmymnupa B emmo
u3peueHue, Hampumep: llenta e mscneaBane Ha THHKOCIONHA PE€30HaAHCHA TEXHOJIOTHS Ha
JleMboBY BLITHH B HEHHHTE TEOPETHYHH U MPUIOKHY acnieKTH. OCBeH TOBa, OOHKHOBEHO IeJITa

1 3aa4ITE CE MOCTABST CJIC/L IMTEPATY PHUsL TIPEryIe]] U aHaIu3 U Ou TpsOBaIo 1a ce neduHupaT

KaTo JIOTHYECKO CIEACTBUE HA IUTEPATYPHOTO MPOYYBAHE.
B aBtopedepara u AHUCCPTalluATa C€ CpellaT MHOTOC/IOBHY H HESICHH CEHTEHIHH, KaTo
HampuMep: cTp.57 Ha pedepara ,I'1aBa 3 e mocBeTeHa Ha NPOCKTHPAHETO, IIPOTOTUIIHPAHETO

1 XapaKkTCpU3HPaHCTO Ha THHKOCJIOHHH pe30HaTopu Ha JIeMEOBH aKyCTHUHH BBIHH B C-
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CMHTaM, 9€ CTHJIA HaA IHCAHE MOKe Jda c¢ HOI[O6pH. KaTO C€ MOJI3BaT MO-MayIko

CBKpAICHUs U NO-JOCTBITHU U3pasu. Ha MecTa TekeThT € HaKbCaH U HE I10CJICI0BATEICH.
[IpenoprsuBam na ce BHuMaBa HpH OPTaHU3HPAHETO H NpPENCTaBSHETO HAa HAyYHHTE
pesynratu. B nucepranusra u aBTopeepara € I0COYEHA Pa3IUHA HH(pOpMaLus 3a 6pos Ha

HoI3BanKTe CTaTHy. B aBTopedepara a c1p.7 e mocoueno, e JIMcepTanusaTa UMa 4 rnasu, a B

JEUCTBUTEIHOCT Te ca 6.

[locouennte kpuTHYHH Genekky He OCIOpBAT CTOMHOCTTa HA HAYYHUTE M HAYYHO-
TIPHJIOKHH IPHHOCH Ha AucepTanusaTa. Te ca MpH3HATH OT CBETOBHATA Hay4yHa OOIIHOCT, KOETO

CC JI0Ka3Ba ¢ rojeMus Opoii MUTHPaHHA HA HAYYHHTE CTATHH K JIpU3HATUTE 8§ ImaTeHTa.
Cnen xaro ce 3amnosmax ¢ MIPCACTaBCHUTE MaTepUald U JAHCEPTALMATA M BB3 OCHOBA HA

HallpaBCHUA aHalM3 Ha TIXHATA 3HAYUMOCT A CbABpPXKAIIU C€ B THX HAYYHO-ITPHIIONKHU

[IPHHOCH, TIOTBBPIK/1aBaM, Ye OTrOBapsT Ha U3HCKBaHMATA Ha 3PACPE.

11.3aka04yenue

JluceprauMonnus  Tpyn — mpeacrass aKTyaJlHa  HAY4YHO-TIPHJIOKHA
nmpoOnematuka. B Hero uma mnocrturnartm OPUTHMHAIHH Hay4YHO-IPUJIOKHHU
npuHocu. Cren mperjiiena Ha IIpeACTABEHHTE B npoueaypara JOKYMEHTH U
HaydHHW MaTephalid, BB3 OCHOBA Ha aHalkM3a Ha TAXHATA 3HAYUMOCT W
CRABPXKAIINTE C€ HAYYHH IPHHOCH, CbM YOE[eH, Ye HAyYHUTE IOCTIDKEHHS
OTTOBApST Ha M3MCKBAaHMATA HAa 3aKOHA 3@ Pa3BUTUEC Ha aKaJeMUYHUS CHCTAB B
Penybnvika Benrapus (3PACPE), pexa 3a HerosoTo DpUJIaraHe U ChbOTBETHUTE
mpaBuna Ha Texuuueckus yuusepcuter - Codusi, 3a akameMHYHaTA IIIBXKHOCT
»[lOKTOp Ha HayKuTe" B HayyHara oOJjacT Ha mpouemypara. He ca OTKPUTH
AOKa3aTeJICTBA 3a [UIAarMaTCTBO B MPEACTaBEHUTE HAYYHHU TPYLOBE.

Tesu MoTuBM Mu maBat ocHoBaHWe ma mpernopbyam Ha Hay4yHoTo xypu na
NPUCHAM Ha Aou. Benumcnap $uyes, oOpasoBarenHaTa M Hay4yHa CTeleH

JOKTOP HA HAYKUTE.
Hara: 10.01.2025r. YJIEH HA KYPUTO:
Codus /Tpod. VBan Yasnapos/
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REVIEW
Of a thesis for the award of the academic degree “Doctor of Science”
Field: 5. Technical sciences
Sub-field: 5.1 Mechanical engineering
Specialisation: Dynamics, Strength, and Reliability of Machines, Instruments, Devices, and

Systems

Author of the thesis: Assoc. Prof, PhD, Eng., Phys.Ventsislav Mitkov Yantchev
Topic: The Thin-Film Lamb Wave Resonator Technology

Scientific Committee member: Prof. PhD. Eng., Ivan Nikolov Chavdarov

1. Relevance of the problem addressed in the thesis in scientific and applied-
scientific terms.

The thesis explores the topic of thin-film micro acoustic Lamb wave resonator
technology. This is a new, innovative, and rapidly developing area of engineering and physics.
The term “Lamb wave™ refers to a type of wave that exists in a thin plate, which requires free
upper and lower surfaces to sustain its propagation. For the first time, in 1917, the English
mathematician Horace Lamb published his classical analysis and description of acoustic waves
of this type, while actual scientific research only began in the 1990s. Studies on the technology
of thin-film Lamb wave resonators started in 2005.

The development of research in this field is highly promising and is closely related to
the design of 5G communication filters based on Lamb waves. Since 2020, the technology has
been introduced into mass production, primarily for use in broadband 5G wireless
communication systems. Applications include: mobile phones; RF communication filters:
sensor elements; high-frequency applications; and others. The dissertation Investigates
innovative theoretical and applied models related to the technclogy for fabricating thin-film
resonant devices based on Lamb micro-acoustic waves.

For this reason, I consider the topic of the thesis to be relevant in scientific, applied-

scientific, and applied terms.

2. Degree of understanding of the problem and creative interpretation of the

literature.
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The author has used and cited 198 literature sources, all of which are in English. The
references encompass the last 25 years and a significant number of them have been published
in reputable, peer-reviewed international journals and conferences.

A literature review and analysis have been conducted on the current scientific state of
the technology for fabricating thin-film resonant devices based on Lamb micro-acoustic waves.
It presents the development of modern microacoustics before and after the invention of the
thin-film Lamb wave resonator technology, and provides an analysis of the propagation and
excitation characteristics of Lamb waves.

In the literature review and analysis, the candidate examined a large body of material

on the subject. The results of this work have been systematized and creatively interpreted.

3. Consistency of the chosen research methodology and the objectives and tasks of
the thesis with the achieved contributions.

The dissertation uses adequate known methods for studying the propagation of Lamb
waves in periodic systems. A quasi-static analysis of the excitation of SO Lamb waves on
periodic electrode structures has been performed. Algorithms for studying them using the finite
element method have been developed, and an addition has been made to the analysis of the
dispersion characteristics of the Lamb wave in the diffraction plane. The thesis analyses the
natural frequencies of a 3D periodic cell on which F loquet-Bloch periodic boundary conditions
have been imposed in accordance with Snell's law. A specialized Multiphysics COMSOL
software has been used. The simulation results have been compared with those obtained from
analytical methods. Experimental methods have been utilised in which the conductivity of the
resonators in the structure is measured. Optimization has been performed in an environment
for analysing radio frequency instruments, connected to an anal ytical tool based on the finite
element method for simulating acoustic resonators.

The methods are adequate and correspond to the thesis’ objective.

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

The thesis is structured in 6 chapters. Chapter 1. “State of the art micro-acoustics before

and afier the invention of the thin film Lamb wave resonator technology” presents the existing

research on the topic. The following resonator technologies have been examined: bulk acoustic
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Wave resonators; surface acoustic wave resonators; and Lamb wave resonators for radio
frequencies. Chapter 2. “Analysis of the propagation and the excitation characteristics of SO
Lamb waves” describes the development of analytical tools to support the design of thin-film
Lamb wave resonators. Chapter 3 “Technology and prototyping of AIN based Lamb wave
resonator

Structures” presents the design, prototyping, and characterization of thin-film Lamb wave
resonators. Chapter 4 “SO Lamb wave resonators in Jrequency control and sensing
applications” investigates the applicability of thin-film technology based on SO Lamb waves
in AIN membranes. A low-noise frequency generator is presented, in which the Lamb wave
resonator 1s used as a stabilizing element in a positive-feedback circuit. Chapter 5 “41 Lamb
wave resonators on LiINbO3 sub-micrometer platelets” demonstrates the development of thin-
film Lamb wave resonator technology. The concluding chapter outlines the contributions of

the dissertation are defined, which are motivated and validated i n the preceding chapters.

5. Scientific and/or applied-scientific contributions of the thesis.

The contributions of the dissertation are of applied-scientific nature and can be
summarized as follows:

For the first time, thin-film technology based on Lamb acoustic waves has been
introduced and described, defining a new class of radio-frequency micro-acoustic resonators
based on thin piezoelectric layers. A novel resonator structure with a double busbar has been
proposed to suppress unwanted transverse parasitic modes in the structure. SO Lamb resonators
with built-in compensation of the temperature coefficient of frequency have been developed.

A model has been created and thin-film Lamb wave resonators have been optimised.
Analytical models based on the Floquet-Bloch theorem and Green’s functions have been
extended and adapted. The analytical procedures have been further enhanced using finite
element method (FEM) analysis.

New types of Lamb wave resonant structures have been proposed and prototyped.

Studies on the practical applications of thin-film Lamb resonators have been conducted.
A low-noise frequency generator stabilised by an SO Lamb resonator has been designed, and a
prototype has been created with high power and low intrinsic thermal noise.

A thin-film Al Lamb wave resonator has been invented with extended bandwidth,

higher operating power, and improved reliability.
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Software for the design of thin-film Lamb resonators has been developed. This software
enables the design of resonant structures based on Lamb waves with significant practicality.

An optimisation system combining acoustic, electromagnetic, and radio-frequency models has
been developed.

Applied contributions:

The MEMS technology has been adapted to the standards required for the successful
fabrication of thin-film Lamb resonator prototypes. Process flow diagrams for prototyping

Lamb resonators have been developed.

A low-power communication system has been developed by integrating transformer
chips based on Lamb waves,

6. Evaluation of the degree of the candidate’s personal involvement in the
contributions.
Based on the analysis of the dissertation. I am convinced that it is the work of the
candidate in its entirety. I consider the main part of the research, the writing of the dissertation,

the execution of experiments, and the resulting contributions to be the work of the candidate.

7. Assessment of publications related to the dissertation,

The candidate, Assoc. Prof. Ventsislav Yantchev, has provided a list of 30 publications
in his application. 29 of the publications are indexed in SCOPUS, one of which is a single-
author publication. 7 of the papers are also indexed in IEEE. In 8 of the papers, the doctoral
candidate is the first author. A list of 8 US patents is presented, 4 of which are single-author
patents.

A SCOPUS query shows that Assoc. Prof. Ventsislav Yantchev’s publications have
been cited by other authors more than 2,400 times.

The publications and citations meet and significantly exceed the required number of
points in accordance with the Regulations for the Implementation of the Law on the
Development of the Academic Staff in the Republic of Bulgaria (3PACPB) for the award of

the academic degree “Doctor of Sciences.”
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8. Realisation of the dissertation results in scientific and social practice. Evidence of
direct economic impact and supporting documentation.
Although no documentation has been provided regarding the application of the
dissertation results by industrial companies, a large portion of the contributions is related to the
development of practically applicable prototypes. I consider that the results have at least an

indirect relevance to industrial applications in the field of telecommunications. No

documentation has been provided demonstrating a direct economic impact.

9. Evaluation of the compliance of the abstract with the requirements for its
preparation, as well as the adequacy of reflecting the main findings and

contributions of the dissertation.,

The abstract is prepared in accordance with the requirements and adequately reflects

the objectives, results, and claimed contributions of the dissertation.

10. Opinions, recommendations, and comments,

The dissertation topic is relevant and requires comprehensive expertise. It makes a good
impression that the work is focused on a specific problem on which the doctoral candidate has
worked for many years. The topic has been developed theoretically, experimentally, and from
an applied perspective. The results have been published in peer-reviewed and indexed journals
and have been cited multiple times. The dissertation presents not only theoretical and
experimental results but is also supported by patents.

My main recommendations are related to the manner of presentation, the structure, and
the style of the dissertation:

The research objectives are stated at the very beginning of the thesis. I believe that they
could be stated more clearly and more concisely. It would be preferable for the objective to be
formulated in a single sentence, for example: The objective is to investigate thin-film Lamb
wave resonator technology in its theoretical and applied aspects. In addition, the objectives
and tasks are more commonly presented after the literature review and analysis, and ought to
be framed as a logical continuation of the existing research.

Both the abstract and the dissertation contain numerous verbose and unclear statements,
for example on page 252: “Chapter 3 is dealing with the design, the fabrication and the

characterization of thin-film Lamb wave resonators on piezoelectric c-textured AIN deposited
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on Si substrate (4" wafer).” I believe that the writing style could be improved by using fewer

abbreviations and more accessible expressions. In some places, the text is fragmented and lacks
consistencys.

I recommend exercising greater care in the organisation and presentation of the
scientific results. The dissertation and the abstract provide inconsistent information regarding

the number and types of publications used. On page 7 of the abstract, it is stated that the

dissertation consists of 4 chapters, whereas in reality it contains 6.

The above critical remarks do not call into question the value of the scientific and
applied contributions of the dissertation. These contributions have been recognised by the
international scientific community, as demonstrated by the large number of citations of the
scientific publications and the granted 8 patents.

After reviewing the submitted materials and the dissertation, and based on the analysis
of their significance and the scientific and applied contributions they contain, I confirm that
they comply with the requirements of the Law on the Development of the Academic Staff in
the Republic of Bulgaria (3PACPB).

11. Conclusion.

The dissertation presents a topical scientific and applied research problem and contains
original scientific and applied contributions. After reviewing the documents and scientific
materials submitted in the procedure, and based on the analysis of their significance and the
scientific contributions contained therein, I am convinced that the scientific achievements meet
the requirements of the Law on the Development of the Academic Staff in the Republic of
Bulgaria (3PACPB), the regulations for its implementation, and the relevant rules of the
Technical University of Sofia for the award of the academic degree “Doctor of Sciences” in
the scientific field of the procedure. No evidence of plagiarism has been found in the submitted
scientific works.

These considerations give me grounds to recommend that the Scientific Committee

award Assoc. Prof. Ventsislav Yantchev the academic degree “Doctor of Sciences”.

Date: 10.01.2026 Committee member:
Sofia /Prof. Ivan Chavdarov/



