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1. AKTyaJIHOCT Ha pa3paGoTBaHHA B JHCEPTANHOHHHS TPYA MpodJieM B HAY4YHO H
HayTHONPHJIOKHO oTHOmIeHHe. CTeneH M HHBA HAa AKTYAJHOCTTa HA npobjeMa u
KOHKPETHHTE 3a1a4H, pa3paboTeHH B IUCEPTALMATA.

Pa3BUTHETO Ha THHKOCIOWHHTE pPE3OHAHCHM YCTPOHCTBA, KOUTO M3IOJI3BAT MHUKPO-
aKYCTHYHH BBIHU (HampuMmep JIeMOOBHM BbJIHM), NpeACTaBIABA €IHO OT HAl-THHAMHUHITE
HalpaBJICHUA B CbBPCMCHHATA MUKPOCIEKTPOHUKA H aKyCTOCNEKTPOHUKA. MUKpPO-aKyCTHUHHTE
pesoHatopu (BmouutenHo [TAB, OAB u tweukocHOMEN JIleMGOBH PE30HATOpH) ca KII0YOBU
KOMIIOHEHTH B CbBPEMCHHUTEC PafHO-4€CTOTHH CHCTCMH, KAaToO HallpuMep (I)HJ'ITPPI H OCLIMJIATOPH
3a MobmiHa komynmkaums, GPS, Wi-Fi u 5G ycrpoiictBa. Tesn YCTpOICTBa MO3BOJIABAT
NpenusHa 00paboTKa Ha CUrHaIa NPH BUCOKH YeCTOTH, MUHHATIOPU3alUsA U HUCKA KOHCYMaIUs
Ha CHEPrus — Ka4uecTBa, KOMTO Ca KPUTUYHU 3a MOPTATUBHH M BrpPajicHd KOMYHHKALHOHHMU
CHUCTEMHU.

JleMOoBUTE BEIHM mNpUTEXKABAT CHCUMPHYHU MEXAHWUYHHM M CIEKTPOMEXaHNYHN
CBOHCTBA, KOWTO I'M TpPAaBAT YyBCTBHTEIHH KbM IIPOMEHH E MOBBPXHOCTTA WM OGEMHHTE
pasMepH Ha YCTPOHCTBO M IEPCIEKTUBHH 3a BHCOKOYYBCTBHTENHU (GU3MUHM (TeMreparypa,
HaJATaHe) U OMOMEJULIHCKU CEH30pH, MHUKPOGIYHIHH CHCTEMH H MOHHTOPHUHI Ha MaJKH
4acTHUH, TCYHOCTH WM OHOIOrHYHH [POOH 1 Apyru. THHKHTE clI0eBe 1 MEMOPAHHHI CTPYKTYPH,
KOHUTO CIy>XaT 32 TIeHEpHpaHe U pe3oHaHC Ha JIemMOOBHTE BBIHHM, JaBaT BB3MOXKHOCT 34
HaMaJIsABaHE Ha pasMepa Ha yCTPOMCTBOTO, IOBUILIABAHE HA PAGOTHUTE Y€CTOTU ¥ ONTUMH3UPAHE
Ha CJICKTPUYCCKUSA ¥ MEXaHNYHHS KallauUTeT B CPaBHEHHE ¢ TPAJAULMOHHHUTE pe3oHaTopu. Toga
€ Ba)XXHO 3a MOJEpHM TexHonoruu kKaro MurepHer Ha Hewara (IoT), Hocumu (wearables)

YCTPOHCTBA, aBTOMOOM/IHA €JIEKTPOHHKA, KAKTO M 3a ObJCIM KOCMHYECKH M KBAHTOBH
IIPUIIOKEHUS.

2. Crenen Ha mMo3HaBaHe ChCTOSIHHETO HA MpPo0JieMa W TBOpPYECKA HHTEPIPeTALMsI HA
JINTePAaTypPHUS MATepPHAJL.

HucepraunoHuusT Tpyx € ¢ odem 281 cTpaHUIM, CTPYKTYPHpPaHH B 6 IJIaBH, U e
HIIOCTpUpaH ¢ 206 ¢urypu u 22 tabauum, KaTo ca U3non3Badu 198 iurepaTypHH W3TOYHHKA,
KaTo IMMOBEYETO OT TAX Ca OT NOCACIHUTE FOAVHH U €a OT MEXAYHAPOIHU HAYYHH H3AaHus. ToBa
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MU J1aBa OCHOBaHME J1a CMATaM, 4e aBTOPBT I103HaABA CbBPEMEHHOTO ChCTOSIHHE Ha pelllaBaHUTE
OT HEro npodJjeMu, KOETO MO3BOJIABA SICHO (hopMyJIMpaHe Ha 1ENTa U OCHOBHUTE 33124l Ha
JMCEPTALHOHHUS TPY/I.

3. ChoTBeTCTBHE HA M36PAHATA METOIHKA Ha H3C/IeIBAHe H ITOCTABEHATA LeJI M 3202491 Ha
AHCEPTANHOHHHSA TPY/ € MOCTHIHATHTE IPHHOCH.

Hou. Benuucnas SHuep e (opMynupan uwen M 3amaum, kouTo ca aZJeKBaTHU WU
CHOTBETCTBAT HA M3UCKBAHMATA 32 TUCEPTALHIOHEH TPy 3a npunoOuBaHe Ha o6pasoBaTeIHATA
W Hay4Ha CTeneH ,,Jlokrop Ha Haykute". M36panara MeTOIHKA BKIIOYBA CPaBHUTEJICH aHAIN3 Ha
CBIICCTBYBAIIMTC PEMICHHS, Pa3pabOTBAHETO HA TEOPETHYHH MONCIM M HOBH METOAM 3a
C()EKTUBEH aHalIM3 MO0 MEeTOoxa Ha KpalfHUTE €NIEMEHTH, peajM3UpaHa € HOBAa THHKOCIOMHA
PC30HAHCHA TEXHOJIOTHA, Pa3pabOTeHH M pealH3UpaHH ca MPHHLHIHO HOBH PE30HAHCHH

CTPYKTYpH Ha 0Oa3ara Ha JIeMOOBM aKyCTHYHH BBIIHH, HANPABEH € AHA/M3 HA ITOJIy4EHHUTE
pe3yJTaTH.

4. HayuHu, HayYHONPH/IOKHH H NPHIOKHHE NPHHOCH HA IHCEPTAUHOHHMSA TPY/

B mucepranvonnus tpya aBTOpsT € MOCOUmMT 9 [IPUHOCA, OMNpPEIEIEHN KAaTO Hay4HH,

HAayHYHONPUIOXKHA U NpWIOKHH. [IppemMam Mo-nmpuHUMI NMPHHOCHTE, KOMTO MOTraT na Opaar
000011eHH, KaKTO cJie/iBa:

Hayunu npunocu

v Tlpemnoxkena u peaji3pana ¢ HoBa ThHKOCJIOHHA PE30HAHCHA TEXHOIOTHs, Oa3upaHa Ha
SO JlemOOBH aKyCTHUHH BBJIHH. [IpoekTnpanu. npoTOTMMHMpPaHH M  eKCHIEPUMEHTAHO
XapaKTCPU3UPaHH ca MUKPO-aKyCTHYHU pe30HaTOpH BHpXY AIN mMemGpanu. Paspabotenu ca S0
JlemM60BH pe3oHaTOpH ¢ BrpajieHa TeMIlepaTypHa KOMIIEHCAMS HA 4ecToTaTa Ha 6a3ara Ha
KoMITo3uTHH AIN/S102 meMGpann.

v TlpemioskeHa W W3clexBaHa e ILIOCTHA TCOPETHYHA paMKa 3a MOAETUpaHe U
ONTHMH3AINA Ha THHKOC/IOHHN PE30HATOPH Ha JIeMOOBH aKyCTHYHH BBJIHH KOATO € YCIEIIHO
HHTCIpUpaHa € MOJeC/Ia Ha CBhP3aHUTE BBIHH, KOETO MO3BOJSBA €()EKTHBHO MpPOEKTUpAaHE
ONTUMU3AINA Ha MUKPOBBJIHOBU aKyCTHYHU NPHOOPH. AHAJTUTHYHHTE IPOLEAYPH ca 000raTeHH
4pe3 U3IOI3BAHETO HA aHAIN3 MTOCPEICTBOM METO/Ia Ha KpailHHTE eJIeMeHTH.

v" Pa3paGoTeHn M eKcHepHMeHTAIHO pealu3NpaHd ca MNPUHLUIIHO HOBH DPE30HAHCHH
CTPYKTYypH Ha 0asata Ha JIeMOOBH aKyCTHYHH BBJIHM. 3a IBPBH IBT Ca MPOEKTUPaHHU,
[IPOTOTHIHMPAHH 1 XapaKTCPU3MPaHU PE30HATOpH, Oa3upaHu Ha B3aUMOJeNHCcTBHETO Mexay SO u
Al MomoBe, KakTo M cTpyKTypa, u3nomBama S1 JlemGoBa BBIHA C HyJIEBa IPyIIOBa CKOPOCT,
ACMOHCTpUpallla HOBH pPE30HAHCHH CBOiCTBA. CBIUECTBEH MPUHOC TMPEACTABISABA M
M300pETABAHETO Ha PaJMOYeCTOTeH TPAaHC(HOPMATOP Ha HATIPEKEHHE, Oasupan Ha SO JlemGoBa
PE30HAHCHA CTPYKTYpa, 3alMTEH C MEXKYHApOIHA [TaTEHTHA 3a5BKa.

v’ 3a mBpBH IBT € MPOEKTUPAH, MPOTOTHIHPAH H CKCIIEPUMEHTAIHO XapaKTepu3upaH
YCCTOTCH I€HEPaTop ¢ HUCHK LIyM, crabunusupad upes SO JlemGoB pesonarop. Pazpabotenu u
M3CJICIBAHH €a BHCOKO 9yBCTBHTEIHM SO JIeMOOBH pe30HAHCHHM AATYHMLM 32 U3MEpPBAHE Ha
HaJIAraHe U Maca.

v' TlocTHrHaTo € MHOBATMBHO TOMOJOTMYHO PEIICHHE HA THHKOCIOEH pe3oHaTop Ha Al
JleMOoBa BB/IHA € pa3IIMpeHa YECTOTHA JIEHTA ¥ MOBHILEHA paGOTHA MOIIHOCT M HOBA KOHLICIIITHS
32 PE30HAHCHO YCTPOUCTBO Ha Al JlemOOBa BBjIHA BBHPXY MHENECTANH CTPYKTYPHPAHH KATO
peduexTopu Ha Bragg.

Hayunonpunoscnu npunocu



v' IIpeanoxeHusT TeopeTHYCH MOIX0 32 MOJICITHIPaHe € BrpaJieH B copTyep 3a MpoeKTHpaHe
Ha ThHKOC/I0HHK JIeMO0BH pe3oHaTopH, KOMTO € HHTCTpHpaH KEM KOHBEHIHOHAIHH CHMYIaTODH
3a paIlOYEeCTOTEH aHAIN3.

v' IIpoeKTHpaH €, CHBMECTHO ¢ CKHII, HHOBATUBEH CaMOCHINAcyBaH n79 GUITHD ¢ HUCKH

BHECCHH 3aryOH B JICHTATa HA IPOILYCKaHE H CTPHMHH (DHITPOBY XapaKTEPUCTHKH.

Ilpunoscen npunoc

v CbBMeCTHO ¢ exur, pazpaGorenata MEMC TEXHOJIOTHATA € MOAXOMAAIIO alanTHPaHa KbM

HEOOXOJMMHUTE CTAHAAPTHU 3a YCIIENIHO [IPOTOTHITPAHE HAa THHKOCIOMHY JIeM6OBY pe3oHaHCHY

CTpyKTYpu. Ha Tasu Ga3a e pazpaGorena KOMYHHKALHOHHA CHCTEMa ¢ HUCKAa KOHCYMHpaHa
MOIITHOCT.
v

S. Ilpenenka Ha nmybiuKkanuuTe Mo AHCePTANHOHHHUSA TPYA.

Ilo nucepraumonnus tpyn ca Hanpasenu 30 myOnukamuu, ot Kouro 29 ca pedepupanu B
Scopus. JIuyHoto yuactue Ha aBTOpa ce€ J0Ka3Ba OT (paKTa, 4Ye eIHa OT CTATHUTE e
CaMOCTOATeNIHA, a B & OT TAX mou. Benmucias SHues e MbpBU aBTOp. HampaBenata cripaska
MOKa3Ba, Y€ Ha BKIIFOYEHHTE B JUCepTaluATa MyOIMKaUuH ca 3abens3aHu moeeye or K00
LUTUPAHKA B CTaTHH, pepepupann B Scopus. ChIO Taka € NPIWIOKEH CIIUCHK ¢ 8 MATeHTa B
CAIIl, xato 4 oT TAX ca caMOCTOSTEIHN, Hanpasenure myGaukauny 1 mpuiokeHuTe UTHPAHUS,

HaAXBbPJIAT MUHUMAJIHU H3UCKBAHUS 34 IIPUCHKIAaHE Ha 06pa303aTenHaTa U HAY4YHa CTEIICH

»JlOKTOp Ha Haykute“. OCHOBHHUTE pe3yITaTH Ha MUCEPTALMOHHUS TPYJ ca JOCTOSHHE Ha
MEKAyHapoAHaTa u ObJarapckara HayyHa OOIIECTBEHOCT.

6. MHeHHS, NPENOPBLKH U GeIeKKH.
Hsmam 3abenexku u npenopski KbM NIpeIcTaBeHus THCePTaLMOHEH TPYA.

7. 3ak1104eHHe ¢ ICHA MOJIOKUTETHA HIIH OTPHUATE/IHA OUEHKA HA NHCEPTAUHOHHMSA TPY

CunraMm, ye AUCEPTALHMOHHUAT TpyA . TeXHONOrHS HA THHKOCIONHHTE pe30HAaHCHU
ycTpoicTBa Ha JIeMOOBM MUKPOAKYCTHYHM BBIHK Ha JIOLL. O-p UHXK. pu3. BeHuucnas MuTkos
JIHYEB H3LIO MOKPHBA M3MCKBAHMATA Ha 3aKOHa 3a pa3BUTHE Ha aKaJEMHUYHHUI CHCTAB B
Penybnuka buarapus u TlpaBuiHHKa 3a HEroBOTO MPIJIOKEHME. Hanpasenure wussonu u
3aKIFOYEHUA Ca JIOTUYECKU U KOMIIETEHTHO IOCTPOCHH.

Ilony4yenure B qUCEPTALMOHHUS TPYI HAYYHH, HAYYHONPUIOKHU U IIPUIIOKHH TIPUHOCH,
ACMOHCTPUPAHUTE BUCOKO HAayYHO HHUBO U HATPYIaH TEOPETHYECKH H IPAKTHYECKH OMUT MH
AaBatr JOCTaThYHH OCHOBAHMA Ja IpEJiokKa Ha yBakaeMuTe wieHoBe Ha Hayunorto »xypu na
MPUCHIN HAYYHA CTENICH ,,JOKTOP HA HAYKHUTe 110 IpodecHoHaIHo Hanpasienue 5.1 Mammunno

MHKXCHEPCTBO, Hay4YHa CIELHATHOCT ,./IuHAMHUKa, IKOCT ¥ HAJEKAHOCT Ha MAIIMHUTE, YPEIUTE,
arapaTUTe U CHCTEMUTE™ HA 0L, A-p uHXK. ¢hu3. Benuucnas Murkos SIHueB.

14.01.2026 r. W3rorsuin:
(mpod. a-p umwk. Mapun Xpucros)
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1. Relevance of the research problem in scientific and applied terms.

The development of thin-film resonant devices employing microacoustic waves
(such as Lamb waves) represents one of the most dynamic directions in contemporary
microelectronics and acousto-electronics. Microacoustic resonators (including SAW,
BAW and thin-film Lamb wave resonators) are key components in modern radio-
frequency systems, such as filters and oscillators for mobile communications, GPS, Wi-
Fiand 5G devices. These devices enable precise signal processing at high frequencies.
miniaturisation and low power consumption—qualities that are critical for portable and
embedded communication systems.

Lamb waves exhibit specific mechanical and electromechanical properties that
make them highly sensitive to changes in surface conditions or device dimensions,
rendering them promising for highly sensitive physical (temperature, pressure) and
biomedical sensors, microfluidic systems, and the monitoring of small particles, liquids
or biological samples, among others. The thin-film and membrane structures used for
the generation and resonance of Lamb waves allow for device size reduction, increased
operating frequencies, and optimisation of electrical and mechanical performance
compared to conventional resonators. This is of particular importance for modern
technologies such as the Internet of Things (loT), wearable devices, automotive
electronics, as well as future space and quantum applications.

2. Degree of familiarity with the state of the art and creative Interpretation of the
literary material.

The dissertation comprises 281 pages, structured into six chapters, and is
llustrated with 206 figures and 22 tables. A total of 198 literature sources are cited, most
of which are from recent years and published in international scientific journals. This
provides sufficient grounds to conclude that the author demonstrates thorough
knowledge of the current state of the art related to the problems addressed, enabling a
clear formulation of the objectives and main tasks of the dissertation.



3. Correspondence between the selected research methodology and the
objectives and tasks of the dissertation.

Assoc. Prof. Ventsislav Yanchev has formulated objectives and tasks that are
appropriate and fully compliant with the requirements for a dissertation submitted for the
award of the academic degree Doctor of Sciences. The chosen methodology includes a
comparative analysis of existing solutions, the development of theoretical models and
novel methods for efficient analysis based on the finite element method, the
implementation of a new thin-film resonant technology, the design and realization of

fundamentally new resonant structures based on Lamb acoustic waves, and a
comprehensive analysis of the obtained results.

4. Scientific, scientific-applied, and applied contributions of the dissertation
The author has identified nine contributions, classified as scientific, applied

scientific and practical. In principle, | accept these contributions, which may be
summarised as follows:

Scientific contributions

v A new thin-film resonant technology based on S0 Lamb acoustic waves has
been proposed and realized. Microacoustic resonators on AIN membranes have been
designed, prototyped and experimentally characterized. SO Lamb resonators with
integrated frequency temperature compensation based on composite AIN/SiO,
membranes have been developed.

v" A comprehensive theoretical framework for the modelling and optimization
of thin-film Lamb wave resonators has been proposed and investigated. It has been
successfully integrated with the coupled-mode theory, enabling efficient design and
optimization of microwave acoustic devices. The analytical procedures have been further
enhanced through the application of finite element analysis.

v" Fundamentally new resonant structures based on Lamb acoustic waves
have been developed and experimentally realized. For the first time, resonators based
on the interaction between SO and A1 modes have been designed, prototyped and
characterized, as well as a structure utilizing an S1 Lamb wave with zero group velocity,
demonstrating novel resonant properties. A significant contribution is also the invention
of a radio-frequency voltage transformer based on an SO Lamb wave resonant structure,
protected by an international patent application.

v For the first time, a low-noise frequency oscillator stabilized by an SO Lamb
resonator has been designed, prototyped and experimentally characterized. Highly
sensitive SO Lamb wave resonant sensors for pressure and mass measurement have
been developed and investigated.

v" An innovative topological solution has been achieved for an A1 Lamb wave
thin-film resonator with extended bandwidth and increased power handling, as well as a
new concept for an A1 Lamb wave resonant device on pedestals structured as Bragg
reflectors.

Scientific-applied contributions



v" The proposed theoretical modelling approach has been implemented in
software for the design of thin-film Lamb wave resonators, which has been integrated
with conventional radio-frequency analysis simulators.

v An innovative self-matched n79 filter with low insertion loss in the passband
and steep filter characteristics has been designed in collaboration with a research team.

Applied contribution

v" In collaboration with a research team, the developed MEMS technology has
been suitably adapted to the required standards for successful prototyping of thin-film

Lamb wave resonant structures. On this basis, a low-power communication system has
been developed.

5. Assessment of the publications related to the dissertation

A total of 30 publications have been produced in relation to the dissertation, 29 of
which are indexed in Scopus. The author’s personal contribution is evidenced by the fact
that one of the articles is single-authored and that Assoc. Prof. Ventsislav Yanchev is
the first author in eight of the publications. The conducted analysis shows that the
publications included in the dissertation have received more than 800 citations in
Scopus-indexed articles. In addition, a list of eight US patents is provided, four of which
are single-authored. The publications and citations exceed the minimum requirements
for the award of the academic degree Doctor of Sciences. The main results of the

dissertation have become known to both the international and Bulgarian scientific
communities.

6. Comments, recommendations and remarks.
| have no remarks or recommendations regarding the presented dissertation.

Conclusion

| consider that the dissertation entitied “The Thin-Film Lamb Wave Resonator
Technology” by Assoc. Prof. Eng. Phys. Ventsislav Mitkov Yanchev, Ph. D fully complies
with the requirements of the Law on the Development of the Academic Staff in the
Republic of Bulgaria and its Implementing Regulations. The conclusions and inferences
drawn are logically and competently formulated.

The scientific, applied scientific and practical contributions achieved in the
dissertation, as well as the demonstrated high scientific level and accumulated
theoretical and practical expertise, provide sufficient grounds for me to propose to the
esteemed members of the Scientific Jury to award Assoc. Prof. Ventsislav Mitkov
Yanchev the academic degree Doctor of Sciences in professional field 5.1 Mechanical
Engineering, scientific specialty Dynamics, strength and reliability of the machines, the
devices, the appliances and the systems.

14.01.2026 r. Jury Member:
(Prof. Marin Hristov)



