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PEONEH3UA

BBPXY JUCEPTALIMOHEH TPYA 3a NpuaoOuBaHe Ha 06pa3oBaTelHA K HAyYHA
creneH ,,JIoKTOp* B 061acT Ha BHCIIE 00pPa30BAHUE ,, | EXHUIECKH HAYKHU,
npodecroHaNIHO HampaBieHue 5.2 ,,EleKTpoTexXH1Ka, eIeKTPOHUKA M aBTOMAaTHKa",
HayYHa CIEIMATHOCT “ MUKpOENIeKTpOHNKa™

Aemop na oucepmayuonnus mpyo: Mar. umx. Pagoctun Benenunos Pyces,
Kareapa ,,Mukpoenekrponuka“, ®ETT, Texuudecku yausepcuret — Codus

Tema na oucepmayuornus mpyo: ,Mertoau 3a aHanu3 Ha Ae(HEKTH B €IEKTPOHHH
KOMIIOHEHTH

Peyenzenm: pon. n-p mHxk. CBerozap KpbcreB AnapeeB, Texuuuecku
yausepcuter — Codust

1. AKkTyaJiHOCT Ha pa3padoTBaHMsi B JMCEPTALUOHHHS TPyX npodieM B
HAYYHO M HAYYHONPHJIOKHO oTHOmeHue. CTEeneH W HUBA HA aKTYaJHOCTTA Ha
npo6seMa H KOHKPETHHUTE 3aAa4H, pa3padoTeHu B AMCePTALUATA

KoHTposrsT Ha Ka4yecTBOTO € HEM3MEHHA YacT OT NPOU3BOJCTBEHMS LUKBJI HA
BCSIKO €JHO IIPOM3BOJCTBO. BCHIHOCT TO#t € Is1a Hayka, o0XBamama 3aab1009eHu
MO3HAHMS 10 TEXHOJOTWYHUTE MPOLECH B CHOTBETHHSA OTPAChH], FOPUAUYECKH — IO
OTHOLIEHHE HA CTaHAApTH3AlMATa W HHAYCTPUATHOTO 3aKOHOHATEICTBO H
MKOHOMHYECKH — III0 C€ OTHACS /IO MApKETHHTa Ha MPOU3BEXJaHNS IPOAYKT. BpaHIIsT
Ha MPOM3BOAMTENMTE HA EJIEKTPOHMKA HE IPaBH M3KIIOUYEHHE, KaTo 4YacT OT
YIIPaBIECHUETO HAa KAa4eCTBOTO TaM € aHAIM3WPAHETO Ha OTKa3WTe Ha HU3JCIUATA,
IBIDKAITH ce Ha 1e(DEeKTH Ha HUBO ,, YU, a CHLIO ¥ IPU aCEMOIUPAHETO HA U3AETHETO.

IIpennoxxenara aucepTanys H3cIe[Ba, aHAIW3Upa, CHHTE3Wpa M IIpejiara
ONTHMAJHU NPUIOKHN METOJY 32 aHAINU3 Ha OTKA3UTE B JUCKPETHH M MHTETPAIHU
KOMIOHEHTH. I10-KOHKpeTHO H3cineaBaHuATa ca HACOYECHH KbM YCHBBPIICHCTBAHE HA
METOIM 32 YCTaHOBSBAaHE Ha JEIaMUHALAS B MHTETPATHU CXEMH, OTKPHBAHE Ha
KyXVHH B CIIOMKY Ha JUCKPETHU ¥ MHTETPATHU KOMIIOHEHTH BBPXY II€YaTHU IUIATKH,
KaKTO ¥ IIpeAJiaraHe Ha penieHus 3a noJo0psBaHe Ha HaJEXTHOCTTa Ha CIOMNBAIIIOTO
CBEIUHEHHE U U3AEIHNETO KaTo ISUIO.

Cnensaiiky OCHOBHATa €]l HA AUCEPTALMATA Ca MOCTABEHH NIET OCHOBHU
3a/1a4, CBBP3aHHU C

(1) uzcnenBane u aHanu3 Ha Oe3pas3pyIMTETHU U PAa3pyLIMTEIHH METOAU 32
OIlCHKa Ha [elaMMHallMATa B €JICKTPOHHUTE KOMIIOHEHTH, KyXMHH B CIOHKara U
HaJeXKIHOCT 3a 3/paBHHATa Ha CIOMBAaI[OTO CheauHeHMe; (2) paspaboTBaHe Ha
METOJOJIOTH 3a M3IO0JI3BaHe Ha CKaHWpall aKycTHdeH Mukpockon (SAM) 3a
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OTKpHBAHE HA JIeIAMUHAIIVS B UHTETpaIHU cxeMy; (3) paspaboTBaHe Ha METOAOJIOTHS
3a M3T0JI3BaHEe Ha PEHTTeHOBa MHCIEKIUA 32 OTKpUBaHE Ha Ne(EeKTH KaTO KyXUHH B
croiikarta; (4) pa3paboTBaHe Ha METOJOJIOTHS 3a OILEHKAa Ha CHiaTa Ha CpsA3BaHE Ha
CIoiikaTa 4upe3 MpuiiaraHe Ha HampexxeHue Ha cpe3 (shear stress) Ha croiikara; (5)
nogoOpsiBaHe Ha HAACKIHOCTTa Ha CIOWBamaTa IacTa, 4pe3 HU3IOJI3BaHE Ha
HUCKOTEMIIEpaTypPHH [TACTH U ONITUMU3AIMS Ha IPOLIECUTE Ha 3allOsIBaHE.

Coopex ka3aHOTO IOTYK CMATaM, 4e H3CIEIABAHUAT IPoOJIEM € aKTyaleH M
BUHATH I1Ie OB €.

2.CTeneH Ha mO3HABaHe CBHCTOSIHMETO Ha mpodjeMa M TBOpYeCKa
HHTEePIPETANHNSA HA JUTEPATYPHUSA MATEPHUAJT

B mucepranudara ca usnon3BaHu 189 nuTepaTypHM M3TOYHUKA B IIMPOK BPEMEBU
obxBar — ot 1987 mo 2022, koero moOKa3Ba, 4€ AOKTOPAHTHT € 3aIl03HAT C
nyOnuKanuuTe B 00JIaCTTa HA METOAUTE 3a aHAIU3 Ha JAe(EeKTH B HCTOPHUYECKU H B
CHBPEMEHEH aCIEKT.

B pa3paborkara nmpoimuiaBa KOPEeKTHOTO LIUTUPAHE HA TUTEPATYPHUTE U3TOYHHUIIH,
HayY4YHOTO HABJIM3aHE B U3CJICABaHATa HpOGJIeMaTI/IKa 1 TBOPYECKOTO MHTEPIIPETUPAHE
Ha W3MOJI3BAHATA JIMTEPATypa, KAKTO M MHOTO JOOpPOTO BH3YaaHO NPEACTABSIHE HA
pasriexJaHuTe TEXHUKH M MMOCTUTHATH pe3ynTaTH. JIuTepaTypHHUTE M3TOYHMIIM ca
OUTHPAHH 110 p€aa Ha IIOABABAHCTO UM B TCKCTA.

3. CboTBeTCTBHE HA HM30paHaTa METOAMKA HA HM3CJeJBaHE ¢ NOCTaBEeHATA
1eJ ¥ 331a494 HA JUCEPTALMOHHUS TPY/

MertonukaTa Ha U3CJICABAHE TOYHO M IOCIEAOBATEIHO CiieBa (GOpMYyIMpaHUTE
3aJa4d M IeJId B AWCEPTALMOHHUS TPpyd. Mertogukara € moOpe oO0oCHOBaHA M 3a
HEWHAaTa JOCTOBEPHOCT MOXXE Ja C€ ChOU IO IMOCTUTHATHTE PE3yJITaTH OT
W3CJICIBAHUATA, aHATM3UTE UM U (POPMYIHPAHETO HA 3aKITIOUCHHU.

JIOKTOPaHTBT METOJUYECKH NPABIIIHO € CTIPYKTypHpal JAWUCepTaLuATa.
CbcTaBHHTE 4YacTH Ha M3CICIBAaHETO B JHWCEPTAlMATa Ca B3aUMHO CBBP3aHU.
ITocraBenuTe Len W 3aJa4M Cca IOCTUTHATH B IbJIHA cTeneH. [IpwiaraHero u
YCBBBPILICHCTBAHETO HA IMPEIJIONKEHUTE METOAUKU Pa3BUBAT 3HAHUATA U OIHTA HA
JOKTOpaHTa U JOIPHUHACAT 3a HETOBOTO HAYYHO Pa3BUTHE.

4. KpaTka aHAJINTHYHA XAPAKTePHUCTHKA HA €CTECTBOTO M OIEHKA Ha
AOCTOBEPHOCTTA HAa MaTepualia, BbLPXY KOHTO ce TIpaadT NPHHOCHTE Ha
AUCEPTALMOHHHS TPYA

B yBoxHaTta riaBa aBTOPHT MOCOYBAa HAKPATKO AaKTyaJHOCTTa Ha Ipodiema,
o0IecTBeHa U HayYHA 3HAYMMOCT Ha TEMara U ChBPEMEHHO CHhCTOSHHE HAa HAYYHUS
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npoGiieM. B mepBa, BTOpa W TpeTa IiiaBa € NOMECTEH JHUTEpaTypHHsS 0030p IO
' TeMaTHKaTa B HAlpaBJICHHUATA, CBBP3aHH C aHAJIM3a Ha OTKA3UTE B EJICKTPOHHHUTE
u3genus. V3yueHu ca METOUTE 3a aHaIU3 B OOII IUTaH U B JAOITBIHEHUE € HalpaBeH
3aqbI00YeH Tperje] Ha JCNaMHHAIMATA B MHTETPATHU CXEMH M U3CJIECABAHETO Ha
KyXMHH B CIOWKWTE Ha KOMIIOHEHTHTe. B Kpasd Ha IiaBata ca AepUHUpaHU
HepelieHnuTe npoOieMu, BB3 OCHOBA Ha KOHMTO ca (opMynupaHu LEIUTe Ha
OWCEPTALMATa U CBBP3aHUTE C MOCTUTaHETO i 3aja4yu. B 4yeTBbpTa M meTa riaea ca
IPEACTAaBEHH EKCIIEPUMEHTAIHUTE W3CJIEBAaHUS Ha JOKTOpPAaHTa, IIOCTUIHATHUTE
PE3YIITaTH U anpoOanusaTa uM.

O6muaT 06eM Ha eKCIIEpUMEHTAIHATa YacT Bb3/IM3a Ha 95 CTpaHMIM H ITOKa3Ba
OIPOMHOTO KOJIMYECTBO paboTa, U3BBPIICHA I10 BpEME Ha JOKTOPaHTypaTa.

[lpeacraBern ca W TPU IPHIOKEHHSA, CBHIBPXKAIIM pPE3yITaTH OT
eKCIICpUMEHTHUTE.

Cnenpa 3akmioueHue u (popMynupaHe Ha HAYYHO-TIPUIIOKHUTE U TPHIIOKHU
IIPUHOCH Ha JUCEPTAIMOHHMA TPYH, KakTo 1 6ubmmorpadus.

S5.HayyHu W/WIM HAYYHONPHWJIOKHH M TPWIOKHH TNPHHOCH HA
AMCepTANMOHHHSA TPY

ABTOpBT mpereHaupa 3a 4 HAyYHO-IPWIOKHM U 4 NPUWIOXKEH INPHUHOCH B
aucepranmara. Cunram, 4e Te ca MpaBHiIHO POPMYIUPAHH.

6. Onenka 3a cTeNeHTa HA JHYHOTO YYACTHE HA JMCEPTAHTA B IPHMHOCHTE

CunTam, 9e HOJNyYEHHTE PE3yATATH Ca OPHTHMHANHM M ca IHYHO M0 Ha
JOKTOpaHTa. Te HabIHO CHOTBETCTBAT Ha U3UCKBAHUATA 33 JUCEPTAIIMOHEH TPy 3a
npunoOuBaHe Ha 0Opa3oBaTeHAaTa M HayYHa CTEMneH ,,J{okTop".

7. Ilpenenka Ha MyQIMKANMATE MO JUCEPTAIMOHHUS TPYA: Opoii, XapakTep
Ha M3JaHHUATA, B KOUTO ca oTnevatanu. OTpaxkeHne B HAyKaTa — U3M0J3BaHe U
HHTHpPaHe 0T APYTd aBTOPH, B APYIH J1a60paTOPUH, CTPAHM H TP.

3amo3Hax ce ¢ Hay4yHHWTEe TPYyZOBE IO Jucepranusara. Te OTpa3sBaT B I'bIHA
CTeleH pa3paboTkara.

OcHoBHHTE pe3ynTaTH OT paboTaTa Ha JOKTOPAHTA ca IMpeAMET Ha o010 celeM
nyOIMKamnyy.

Beynukn myOnmukamuu ca pedepupaHn B Scopus M ca IIPEACTaBEHH Ha
MEXAyHapOJAHH Hay4YHU (POpyMHU.
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Ha nBe (ot cenem) mybmukamuu Pagoctiun PyceB e mbpBH ChaBTOp, Ha JBE €
'BTOPM CBaBTOp. BcHuko TOBa moauyepraBa poisTa My B Ch3JaBaHETO U
IPE3ECHTUPAHETO HA PE3YIATATUTE OT JUCEPTAIUATA.

IIpencraseny ca 6 LUTHpaHKsA HA YETHUPHU OT MyONHUKALKMUTE IO OUCEPTALUATA,
KOETO IOKa3Ba pa3lO3HAaBAaEMOCTTa Ha JIOKTOpaHTAa Cpel Hay4yHara OOIIHOCT H
3HAYMMOCTTA Ha HAYYHUTE MY IIOCTHKCHHUS.

8. M3nos3BaHe HAa pe3yJaTATHTE OT JUCEPTANMOHHMA TPYA B HayYHATA H
COMMAJIHATA MPAKTHKA

Pesynrarute ca cBbp3aHu ChC 331241 B HAKOU HAYIHOU3CIIEIOBATEIICKH IPOEKTH,
B KouTO Mar. PyceB uma yqactue. TakbB, Hanpumep, € nmpoekTsT BGOSM20P001-1-
001 ,,srpaxnane ¥ pa3BUTHE Ha IEHTPOBE 332 BHPXOBHU IMOCTIDKEHUA , 32 KOHTO MMaM
npsKko HaOJIoAeHWE BBPXY paboTara M eKCIIEPHMEHTHTE Ha KaHauaara. Omie eaHo
CBIIECTBEHO IIPUIIOKEHHE HAa PE3YNITaTUTE B HaAyYHATa IIPaKTHKA ca pa3paboTEHUTE OT
Mar. HHK. PyceB nabopaTopHu ynpakHeHus 10 JUCIUILTHHATA ,, MUKpOEIeKTpOHUKA
C TeMaTHKa OKOJIO JUAarHOCTUKATa Ha NeEeKTH B KOPILyCHPaHH HUHTETPAIHH CXEMH.

9. Onenka Ha CbOTBETCTBMETO Ha aBTopedepara ¢ H3HCKBAHMATA 32
H3rOTBSIHETO MY, KaKTO M Ha aIeKBaTHOCTTAa Ha OTpa3siBaHe HA OCHOBHHUTE
MOJIOKEHNS ¥ PUHOCHTE HA JUCEPTALIMOHHNS TPYA

IIpencrasenusar aBTopedepar € B 00eM ot 36 crpanuid. ChIbpiKaHHETO MY
CbOTBETCTBA HA CBABPXKAHUETO HA JUCEPTALMOHHHUS TpyA. ABTOpedepaThT
IIOCJICZAOBATEIHO M TOYHO IOKa3Ba OTJEIHHUTE IVIaBU OT Aucepanuiara. B Hagamoro e
IpeAcTaBeHa oO0Ila XapaKkTepUCTHKa Ha JMCEPTalMOHHMA TpYJA, BKIIOYBAIIa
aKTyaJHOCTTA Ha peraBaHus npodnaeM. CieaBar 1enra u 3aaa4uTe Ha JUCEPTaLHATa,
METOJOJIOTMYHATa OCHOBA HAa TpyZAa M INPETEHIMWTE 3a MPUHOCH Ha KaHIWIATAa.
ABTopedepaTsT 3aBBPIIBA ChC CIIUCHKA HA MyOJMKAIMUTE [0 TPYAA U AHOTAIMS Ha
AHTTINICKYU €3UK.

Ouenkata Mu 3a aBTOpedepara e, de TOil oOTroBaps Ha OOLIONPHETHUTE
U3UCKBaHHUS U OTPA3sBa BAPHO ChABPIKAHUETO U IPUHOCUTE HA TUCEPTAMOHHUS TPY.

10. MueHusl, HPeNOPbKHA U Oe1eKKH

IIpeacraBeHuAT MU QUCEPTALMOHEH TPYA Ha Mar. MHXK. Pagoctun Pyces e MHOTO
nobpe CIpyKTypupaH, Karo ca CHOa3seHd H3HCKBAaHHUATAa 3a M3TOTBAHETO U
obopmiienuero My. LlenTa Ha AucepTanusaTa U CBBP3aHUTE C HES U3CIENOBATEICKH
3a/laud ca scHO ¢(opMmymupaHu. JloOpo BIleuaTieHHE IPaBH MPEACTABIHETO HA
PE3YNITATUTE OT M3CIECABAaHMATA B 3aKIIOYCHHUS CIIEN BCSAKa IJIaBa. 3a0ens3BaM, 4e
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HAlPaBEHHUTE CIIE/ INPEJBApUTEIHOTO OOCHXKAaHEe Ha JAUCEPTAIMATA TEXHUYECKH
" 3a6€eNeXKH ca OTCTPaHEeHH.

11. 3akiroueHne ¢ SICHA MOJIOKUTENHA WM OTPHIATEIHA OIEHKA HA
AUCEPTANMOHHUS TPy

Jucepranusara Ha Mar. uHX. Pagoctun Pyces e 3apbpiieHa HaydHa pa3paboTKa ¢
Hay4Ha ¥ IIpaKTUYeCKa MPUIOKHUMOCT U OTroBaps Ha usuckBanuara Ha 3PACPB, I1I1
Ha 3PACPB u ITYPIIHC B Texuuuecku yHuBepcuteT — Codus, 3a MpUCHKIaHE Ha
o0pa3oBaTenHaTa M HaydHa CTEIeH ,,JOKTOpP".

OuensaBaM MOJOXKUTETHO aKTyallHHS XapaKTep W IOCTUTHATUTE PE3YJTATH OT
paspaboTkara Ha JUcepTauysaTa Ha Mar. HHK. Pagoctun Benenunos Pyces ,,Meroau
3a aHaA/IM3 Ha Ae(EeKTH B €IEKTPOHHM KOMIIOHEHTH ~ W IpeajaraM Ha yBaKaeMOTO
XYpH Jla IPHUCHIU Ha Mar. MHXK. PyceB oOpa3oBarenHara ¥ Hay4Ha cTereH ,,JJokTop®
B obOmactra Ha BHCIIE o00pa3oBaHHE , TeXHHYECKH HAyKu“, MPOQPECHOHATHO
HampaslieHue 5.2 ,ENeKTpoTexHHWKa, €INeKTpOHMKAa M aBTOMAaTHKA™, HaydHa
crenyaiHocT “ MUKpoeJIeKTpOHHUKaA ™.

Tara : 09.09.2024 r. PEIIEH3EHT ; ()
rp. Codus ( mou. a-p umx. CBero3ap AHApeEEB )
TY - COPUA
QETT
BAPHO C OPUTMHANA
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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 "Microelectronics".

Author of the dissertation: MSc. Eng. Radostin Venelinov Rusev

Department of Microelectronics, FETT, Technical University of Sofia

Title of the dissertation: "Methods for analyzing defects in electronic
components"

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

Quality control is an invariable part of the production cycle of any production. In
fact, it is a whole science, covering in-depth knowledge of technological processes in
the relevant industry, legal - in terms of standardization and industrial legislation, and
economic - in terms of the marketing of the manufactured product. The electronics
manufacturing industry is no exception, as part of quality management there is the
analysis of product failures due to defects at the "chip" level and also during product
assembly. )

The proposed dissertation researches, analyzes, synthesizes and proposes optimal
applied methods for the analysis of failures in discrete and integral components. More
specifically, the research is aimed at improving methods for establishing delamination
in integrated circuits, detecting voids in solders of discrete and integral components on
printed circuit boards, as well as offering solutions to improve the reliability of the
solder joint and the product as a whole.

Following the main goal of the dissertation, five main tasks related to

(1) research and analysis of non-destructive and destructive methods for
evaluating electronic component delamination, solder voids, and solder joint strength
reliability; (2) developing a methodology for using a scanning acoustic microscope
(SAM) to detect delamination in integrated circuits; (3) developing a methodology for
using X-ray inspection to detect defects such as solder voids; (4) development of a
methodology for assessing the shear strength of the solder by applying shear stress to
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the solder; (5) improving solder paste reliability by using low-temperature pastes and
" optimizing soldering processes.

According to what has been said so far, I think that the researched problem is
relevant and always will be.

2. Degree of understanding of the problem’s state-of-the-art and creative
interpretation of the references

The dissertation uses 189 literary sources in a wide time range - from 1987 to
2022, which shows that the doctoral student is familiar with the publications in the
field of defect analysis methods in a historical and contemporary aspect.

The development shows the correct citation of the literary sources, the scientific
approach to the researched issues and the creative interpretation of the used literature,
as well as the very good visual presentation of the considered techniques and achieved
results. Literary sources are cited in the order of their appearance in the text.

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.

The doctoral student structured the dissertation methodically correctly. The
constituent parts of the research in the dissertation are interrelated. The set goals and
objectives have been fully achieved. The application and improvement of the proposed
methods develop the knowledge and experience of the doctoral student and contribute
to his scientific development.

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 current state of the scientific problem.
The first, second and third chapters contain the literature review on the subject in the
directions related to the analysis of failures in electronic products. Analysis methods
are studied in general, and in addition, delamination in integrated circuits and the
examination of component solder voids are thoroughly reviewed. At the end of the
chapter, the unsolved problems are defined, on the basis of which the objectives of the
dissertation and the tasks related to its achievement are formulated. The fourth and fifth
chapters present the doctoral student's experimental research, the achieved results and
their approval.

The total volume of the experimental part amounts to 95 pages and shows the
huge amount of work done during the doctoral studies.
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Three appendices containing experimental results are also presented.

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.

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.

I got acquainted with the scientific works on the dissertation. They fully reflect
the development.

The main results of the doctoral student's work are the subject of a total of seven
publications.

All publications are referenced in Scopus and presented at international scientific
forums.

On two (out of seven) publications, Radostin Rusev is the first co-author, on two
he is the second co-author. All this emphasizes his role in the creation and presentation
of the results of the dissertation.

6 citations of four of the publications on the dissertation are presented, which
shows the recognition of the doctoral student among the scientific community and the
significance of his scientific achievements.

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

The results are related to tasks in some scientific research projects in which M. Sc.
Rusev is involved. Such, for example, is the project BG0O5M20OP001-1-001
"Construction and development of centers of excellence", for which I have a direct
observation of the applicant's work and experiments. Another important application of
the results in scientific practice are those developed by M.Sc. Eng. Rusev laboratory
exercises in the discipline "Microelectronics" with the theme of the diagnosis of defects
in encapsulated integrated circuits.



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 36 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. Radostin Rusev 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. Radostin Rusev 's results are original
and fully correspond to the requirements for a dissertation work for obtaining the
educational and scientific degree "Doctor of philosophy PhD". The developments in
the dissertation are described competently and in the necessary completeness, the
conclusions are very well constructed and argued.

This gives me reason to recommend to the esteemed jury that they award M.Sc.
Eng. Radostin Venelinov Rusev, the educational and scientific degree "Doctor of
philosophy PhD" in the field of higher education "Technical Sciences", professional
direction 5.2 "Electrical engineering, electronics and automation", scientific specialty
"Microelectronics".

Date : 09.09.2024 . Reviewer : (/\,’\ )
Sofia (assoc. prof. Svetozar Andreev)

|VI/VHUINAO J OHJES

! ‘ 1130
;\J y BUOOI - AL




