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HanpasiieHue 5.2 ,EnexTpoTexHHKa, eIEKTPOHHUKA U aBTOMAaTHKa™,

Hay4Ha CIEIUATHOCT ,,MUKPOEIEKTPOHHUKA
Aemop na oucepmayuonnus mpyd: mar. uax. Pagoctun Benenunos Pyces

Tema na oucepmayuonnus mpyo. ,Metoau 3a aHaIu3 Ha Je(PEKTH B €IEKTPOHHU
KOMIIOHEHTH "
Unen na nayunomo ocypu: npod. n-p mmx. EmucaBera umurpoa 'amxesa,
Texuudecku yHuBepcuret — Copus

1. AkTyaaHocT Ha pa3padoTBaHus B JUCEPTANUOHHNS TPY/] NPod.ieM B
HAYYHO ¥ HAYYHOIIPUJIOKHO OTHOIEHHUE
ITocnenuure romuHM ce XapakTepu3upar ¢ OypHO pa3BUTHE Ha BHCOKHTE

TEXHOJIOTHY IIPY Ch3JaBaHE Ha E€JIEKTPOHHU YCTPOHUCTBA ChC CBPBXIOJIIMA CTEIEH Ha
MHTErpallys ¥ MPHUIIaraHeTO UM IIpH pa3paboTka Ha CUCTEMH C M3KYCTBEH HHTEIEKT
(AI), Ha aBTOHOMHU NIPEBO3HU CPENCTBA, B MEIUIIMHCKATA €JICKTPOHHUKA U ap. OT
peNIaBalo 3Ha4YeHE 3a FrapaHTUPAHE HA KAUeCTBOTO U HAACKIHOCTTA HA TE3U CIOKHU
€IIEKTPOHHN YCTPOMCTBA M CHCTEMH € pPa3BUTHETO HAa CBIIECTBYBAIUTE W
pa3pabOTBaHETO Ha HOBM METOAM 34 OTKPHBAaHE M OLEHKAa Ha AedexkTd Ha
CJIEKTPOHHUTE KOMIIOHEHTH W CBEAWHEHHS, KOUTO OTIOBapsT HA HapacTBAILIUTE
U3UCKBAHHUA M CIO0KHOCT Ha ChBPEMEHHATa TEXHOJIOTHYHA Cpe/a.

B Ta3u obnact e u TeMaTHKaTa Ha JUCEPTALlMOHHMS TPYA Ha Mar. MHXK. PagocTun
PyceB, cBBp3aHa C  U3CleABaHMS, aHANM3M W pa3paboTBaHe HAa  METOJM 3a
UACHTUQUIPaHEe Ha JeIaMUHALKS B MHTETPAIHN CXEMH IIPH B3AUMOAEHCTBUETO UM
C OKOJIHaTa cpejia.

2. CreneH Ha Mo3HABaHe CHCTOSIHHETO HA MP00JIeMa H TBOPYECKa

HHTEpPNpEeTANMs HA JIATEPaATyPHUsSI MaTepHaJ
JlMcepTalMOHHUAT TPy € B 00eM OT 264 CTpaHUIM U BKIIIOYBA €T IJIaBH U TPU

IpUIOXKEeHUA. B mucepranmoHHus Tpyz ca uutupadu 189 murepaTypHH HM3TOYHHKA.
JIOKTOpPaHTHT IO3HaBa B JIETAlIM CBBPEMEHHOTO CHCTOSIHHE HA HM3CIEIBAaHHUATA H
pa3paboTKUTE IO TeMAaTHKaTa, KOETO My € JaJl0 BB3MOXKHOCT 3aIBIO0YEHO,
KOMIIETEHTHO ¥ TBOPYECKH Ja HHTEPNPETUPA U MpUiiara JUTepaTypHUs MaTepuai. B
pe3yaTaT Ha IIPOBEICHUS aHAIUTHYCH JUTEPATypEeH 0030p ca HalpaBeHH WU3BOJHU 32
HEpelIEeHUTE MpoOIeMH.
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3. CpoTBeTcTBHE HA H30pPaHATA METOAMKA HA M3CJIEBaHE C IOCTABEHATA
IeJI M 3aJa4M Ha ANCEPTANMOHHMS TPYA
OTimYHOTO MMO3HABaHE HAa aKTyalHOTO CHCTOSHME Ha M3CIIEABAHUTE HPOOIEMH

II03BOJISABAT Ha JOKTOPAHTA JIa U3BBPIIN JETaiJIeH Iperiies Ha Hepa3pyIUTEIHUTE U
paspylIUTEIHATE METOAY 3a OTKPHBAaHE Ha Ie()EKTH B €ICKTPOHHU KOMIIOHEHTH M 12
OLICHM TEXHWTE IIPEIUMCTBA, HEJOCTaThIM M MpuiIoxkeHHA. I[IpoyduBaHero Ha
MEXIYHApOJHUTE M MHAYCTpHAHUTE CTaHIapTH, CBBP3aHH C OTKPHBAaHETO Ha
neheKTH B ENEKTPOHHUTE KOMIIOHEHTH, AaKIEHTHpa BBPXY TAXHATa pojis 3a
rapaHTUpaHe Ha HAAEXKIHA M €QEeKTHBHM METOOU 3a OTKpHUBaHE Ha Je(peKTH B
€JIEKTPOHHUTE KOMIIOHEHTH.

M3bpanata oT ZOKTOpaHTa METOAMKa Ha W3CIICABaHE € B CHOTBETCTBHE C
IIOCTABEHATA LI M 33[Ja4d Ha JUCEPTALMOHHUSA TPYA M € MO3BOJMIA Te€ Aa Obhaar
IIOCTUTHATH ¥ PENICHU Ha BUCOKO HHUBO.

4. Hayynu n/miam HaAyYHONPWIOKHU ¥ MPUJIOKHH MPHUHOCH HA

AMCePTANUOHHHUS TPYA
Cuuram, ye NpUHOCHTE UMAT HAYYHO-IIPHIIOKEH U [IPUIOKEH XapaKTep W MOTaT

a ce Knacu(GULIUpaT KaTo Ch3/[aBaHe Ha HOBU METOIM 32 U3CJIEABaHe, KuacupuKaiyy,
KOHCTPYKIIMH, TEXHOJIOTHH U cXeMH. Te MoraT fa 0b/1aT 0000IIeHN KaKTo ClIe/IBa.
Hayuno-npunoscru npunocu:

- PaspaGoTeHa € MeToAMKa 3a IPEIU3HO J06aBsSHE Ha CIEHHUATM3UPAHN MATEPHAIM B
CIIOABAIM IIACTH 33 I[IOBHMIIABAHE HA KAYECTBOTO HAa CIIOMKHUTE, KOMTO BOIAT J0
10J00psBaHE HAa HAJAEXKAHOCTTA U €(DEKTUBHOCTTA HA CIIOWBALIUTE CHEAUHEHHUA.

- PaspaboTeHa e TeXHOJIOTHs, KOSATO JaBa Bh3MOXHOCT 32 Ch3/1aBaHE HA ONTHMAIHH
YCIIOBHMS 3a 3all0SBaHE, KOMUTO OCHTYpABAaT PABHOMEPHO pasNpelesieHHe Ha
CIIOMBAIaTa [1aCTa ¥ MUHAMHU3HUPAT PUCKa OT B3HUKBAHE Ha Ie(EKTH.

- PaszpaGoTeHnm ca  METOHONOTMM 3a OTKPMBAHE W OLEHKA Ha Je(EKTH IIpH
IOPOU3BOACTBOTO Ha EJIEKTPOHHM MOAYIM, KOMTO IO3BOJISIBAT IMOJOOpPEHHE Ha
HOPOU3BOJACTBEHUTE IponecH. lIpeayoxkeHa € METONONIOTHS 33 OTKPHBaHE Ha
JCIaMMHAIMA ChC CKaHMpalla aKyCTHYHAa MHKPOCKOIHSA, KaTO Ca H3IOJ3BaHH
pa3IUYHA METOIM Ha CKaHMpPAHE, C Ie] IOCTUraHEe Ha MO-TOJIIMa MPEMU3HOCT U
JETAWIHOCT TpH H3CIACABaHETO. [Ipe/yioKeHaTa METOMOJIOIMsS ITO3BOJISBA
JOCTOBEPHO OTKPHBAaHE Ha J€lNaMHHAIUA, OLIEHABaHEe Ha (aKTOPHUTE 3a HEHHOTO
BB3HMKBAHE H MIPAKOTO UM BIMSHUE BBPXY Ipolieca Ha 3alosaBaHe.

- Paspaborenutre Meromonormu MorarT Aa OBIAT H3MOA3BAHM 34 II0-HATATHIIHO
pa3sBUTHE Ha CHOTBETHUTE CTAHAAPTH 3a OLICHKA Ha eJIEKTPOHCH MOHTAX.

Ipunoowcrhu npurnocu:

- Ilocrturane Ha ONTHMMANHO 3alOsBaHE Hpe3 H3IOJI3BaHE HA CTPYeH II€Yar 3a
Ch3/1aBaHe Ha KOMOMHHMPAH OTIEYAThHK.
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- OnTvMu3sMpaHe Ha TEXHOJNOTHUATA HA 3all0sBaHe B MapHa (ha3a upe3 U3IMOI3BAHE HA
CTPYEH I1e4ar 3a Ch3/1aBaHe Ha KOMOMHUPAH OTIIEYATEK.

- Moaudunypane ¥ oNTUMU3UpPAHE HA METOOWTE 34 AHAIU3 Ha [JCIaMUHAIMA B
UHTETPaHU CXEMH, 3a M3MEpBaHE Ha KyXUHM B CIIOMKM M 3a M3MEpBaHe Ha CHjIa Ha
CKbCBaHe Ha crorka. C pa3paboTeHuTe METOJOJIOTHH C€ OIICHSBAT U TEXHOJIOTUUTE
3a OE3KOHTAaKTHO IO3MpAaHE W 3alOsBaHE B mapHa (asa M ce AaBa 0GOCHOBAHO
3aKII0YECHHE OTHOCHO ONTHUMAJIHOTO CMECBAaHE C OIJIE[l H3IMOJN3BAHETO My B
IIPOM3BOCTBEHH IIPOIIECH.

- Ce3gaBaHe Ha 0a3za HaHHM C pe3yiTaTH, NpPH H3IOI3BaHE Ha KOMOHHHpPaH
OTIEYaTHK, 3a KOJMYECTBOTO KyXHHM B CIIOMKHUTE U 3/[paBHHATA UM 33 Pa3IMIHU
€JIEKTPOHHU KOMITOHEHTH.

S. IIpeneHka Ha MyOaUKALUMTE IO JUCEPTANMOHHUS TPY/L

ITo mucepTanMOHHMA TPYH ca MPEACTaBeHH 7 HAyYHH ITyOIHKAIMK, JOKIaJBAHN
Ha MEXIYyHapOIHU HaydHH KOH(pepeHIMU. Beuuku myOnamkammy ca MHASKCHPaHH B
Scopus. IlyOmmkamuuTe Ha JOKTOpaHTa IIOKPUBAT H3LAIO M HAAXBBPIAT
U3NCKBaHMATa 3a npuaobusane Ha OHC ,,JloxTop®.

Yetupu ot mybivKanuuTe ca JOKJIaJBaHU Ha Hay4Ha KoH(pepenmus International
Scientific Conference Electronics (ET), nBe — Ha International Conference on
Information Technologies (InfoTech) u eana — Ha International Spring Seminar on
Electronics Technology (ISSE).

KoM juemna jgara ca HaMmepeHu  o0mo 9 IMTHpaHMs Ha YETHPH OT
nybnukanuure. IIpeacTaBeHuTe MMyONMKAUMH ¥ IUTHPAHHUATA IOTBHPKIABAT
aKTyaJJHOCTTA Ha TEMAaTHKaTa M 3HAYMMOCTTAa HAa IOCTHTHATHTE PE3YJITATH.
OCHOBHHTE MOCTIKEHUS B AUCEPTALMOHHUS TPY/] Ca JOCTOSHHE HA OBIrapckara u
MEXAYHApOAHA Hay4YHa OOMIECTBEHOCT.

6. MHeHus, MPeNOPBKU 1 OeTeKKH

HsamaM CBINECTBEHH 3a0€leKKU 0 TUCEPTAIMOHHUA TPy, M3I0KEeHHETO €
MOCIICZIOBATEIHO M TEXHUYECKH M3AbpikaHO. IlyOnmmkanuure mo JucepTaldOHHK
TPYX [TOKa3BaT 3abJI009YEH H TBOPUYECKH [TOJX0/] IPH PEIIABAHE HA MPOOIEMHUTE.

WsBspIleHHTE  W3CIEABAHHUA, aHAIM3 M Pa3pabOTEHHUTE ONTHMHM3HUPAHU
TEXHOJIOTUM BOZAT [0 NMOAOOpsABaHE HAAEKIHOCTTA HA CJIEKTPOHHHM YCTPOMCTBA U
CHCTEMM, OTTOBApSINY HAa HAapaCTBAIUUTE M3MCKBAHUSA HA JHEIIHATA TEXHOJIOTHYHA
cpena. IIpenopbkata Mu € Mar. uHx. Pagoctir PyceB Ja MpoaBIKH YCIEIHUATE CH
u3cienBaHus B oOnacTTa Ha pa3pa00TKa Ha METOAM 3a aHAIW3 Ha AedeKTd B
EJICKTPOHHU KOMIIOHEHTH.

7. 3axnouenne

PaspaboTkuTe B mucepramuiTa ca OMUCAHM KOMIIETEHTHO M B He0o0XoauMmara
O'BJIHOTA, M3BOJUTE Ca MHOTO 100pe apryMenTipany. Cunrtam, Je MOJTy4eHHUTE OT Mar.
umK. Pamoctn BeHenuHoB PyceB pesynTaTM ca OpPHIHHAIHM M HAIIBIHO
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CBOTBETCTBAT Ha M3MCKBaHMATA Ha 3aKOHA 3a Pa3BUTHE HA aKaJeMHYHHSI CHCTAB B
Peny6muxa bearapus w IlpaBuiHuka 3a yclloBHATAa M pela 3a NpUI00MBaHE Ha
obpasoBaTelHaTa ¥ Hay4yHa cremeH ,,Jlokrop" B TY-Codusi.

ITocTurHaTTe B AMCEPTALMOHHUA TPYA HAYYHO-IIPWIOKHH M TIPHIOXKHH
IPUHOCH, IEMOHCTPHPAHUTE BUCOKO 0OPa30BATENHO HUBO M HATPYIaH TEOPETUUESCKU
U M3CIICOBATEIICKM OIMT, KAKTO M IIONYyYCHWTE IIPAKTUYECKH PEe3yJITaTH B €IHA
aKTyajJHa Hay4dHa 00JIacT, MU J1aBaT JOCTATHYHHM OCHOBaHUS YOEICHO Aa Mpernophuam
Ha HaydHoTro Xypu na npuchau Ha Mar. MHX. Pamoctun BenemuHoB Pyces
obpasoBaTenHaTa U Hay4Ha ctemeH ,,JJOKTOP“ B obnactra Ha BHCIIE 00pa3oBaHHe
» EXHUUECKM HayKH“, MNpodecHoHanHO HampaBienue 5.2 ,EnekTpoTexHuKa,
€IIEKTPOHUKA M aBTOMAaTHUKA", HAy4YHa CIEIHUATHOCT ,,MHUKpOEIeKTpOHHUKA .

12.09.2024 r. UiteH Ha HAYIHOTO KypH: ( n)
Codus ( mpod. n-p umxk. EmicaBera I'apkena)
TY - COdusg 5
OETT 5
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OPINION

on a dissertation work for the acquisition of an educational and scientific degree

"Doctor" in the field of higher education "Technical Sciences", professional direction
5.2 "Electrical engineering, electronics and automation",
scientific specialty "Microelectronics"

Author of the dissertation: M.Sc. Eng. Radostin Venelinov Rusev

Dissertation topic: "Methods for the analysis of defects in electronic components"

Member of the scientific jury: Prof. Dr. Eng. Elissaveta Dimitrova Gadjeva,
Technical University of Sofia

1. Relevance of the problem developed in the dissertation in scientific and
applied scientific terms
Recent years have been characterized by a rapid development of high

technologies in the creation of electronic devices with an ultrahigh degree of
integration and their application in the development of artificial intelligence (Al)
systems, autonomous vehicles, in medical electronics, etc. Critical to ensuring the
quality and reliability of these complex electronic devices and systems is the
development of the existing and development of new methods for detecting and
evaluating defects in electronic components and assemblies that meet the increasing
demands and complexity of the modern technological environment.

In this field is also the topic of the dissertation work of M.Sc. Eng. Radostin
Ruseyv, related to research, analysis and development of methods for identification of
delamination in integrated circuits during their interaction with the environment.

2. Degree of knowledge of the state of the problem and creative

interpretation of the literary material
The dissertation is 264 pages long and includes five chapters and three

appendices. 189 literary sources are cited in the dissertation. The doctoral student
knows in detail the current state of research and development on the subject, which has
given him the opportunity to thoroughly, competently and creatively interpret and
apply the literary material. As a result of the analytical literature review, conclusions
were made about the unresolved problems.

3. Correspondence of the chosen research methodology with the set goal

and tasks of the dissertation
Excellent knowledge of the current state of the researched problems allows the

doctoral student to carry out a detailed review of non-destructive and destructive
methods for detecting defects in electronic components and to evaluate their
advantages, disadvantages and applications. The study of international and industry
standards related to the detection of defects in electronic components emphasizes their
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role in ensuring reliable and effective methods for detecting defects in electronic
* components.

The research methodology chosen by the doctoral student is in accordance with
the set goal and tasks of the dissertation work and has allowed him to achieve and solve
them at a high level.

4. Scientific and/or scientific-applied and applied contributions

of the dissertation
I believe that the contributions have a scientific and applied nature and can be

classified as the creation of new research methods, classifications, constructions,

technologies and schemes. They can be summarized as follows:

Scientific-applied contributions:

- A methodology has been developed for the precise addition of specialized materials
in solder pastes to increase the quality of the solders, which lead to an improvement
in the reliability and efficiency of the solder joints.

- A technology has been developed that makes it possible to create optimal conditions
for soldering, which ensure uniform distribution of the soldering paste and minimize
the risk of defects.

- Methodologies have been developed for the detection and assessment of defects in
the production of electronic modules, which allow for the improvement of
production processes. A methodology for detecting delamination with scanning
acoustic microscopy is proposed, using different scanning methods in order to
achieve greater precision and detail in the study. The proposed methodology allows
reliable detection of delamination, evaluation of the factors for its occurrence and
their direct influence on the soldering process. :

- The developed methodologies can be used for further development of the relevant
standards for electronic assembly assessment.

Applied contributions:

- Achieve optimal soldering by using inkjet printing to create a combined print.

- Optimizing vapor phase soldering technology by using inkjet printing to create a
composite print.

- Modification and optimization of methods for delamination analysis in integrated
circuits, for measuring voids in solders and for solder break strength measurement.
Using the developed methodologies, non-contact dosing and vapor phase soldering
technologies are also evaluated and a reasoned conclusion is given regarding the
optimal mixing with a view to its use in production processes.

- Create a database of results, using a combined footprint, for the amount of voids in
the solder joints and their strength for various electronic components.
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S. Evaluation of publications on the dissertation work
7 scientific publications reported at international scientific conferences are

presented on the dissertation work. All publications are indexed in Scopus. The
doctoral student's publications fully cover and exceed the requirements for obtaining
the educational and scientific degree "Doctor".

4 of the publications are reported at the International Scientific Conference
Electronics (ET), 2 at the International Conference on Information Technologies
(InfoTech) and 1 at the International Spring Seminar on Electronics Technology
(ISSE).

To date, a total of 9 citations have been found on four of the publications. The
presented publications and citations confirm the topicality of the subject and the
significance of the achieved results. The main achievements in the dissertation work
are available to the Bulgarian and international scientific community.

6. Opinions, recommendations and notes

I have no significant remarks on the dissertation work. The exposition is coherent
and technically sound. The publications on the dissertation demonstrate a thorough and
creative approach to problem solving.

The research, analysis and optimized technologies developed lead to improved
reliability of electronic devices and systems, which meet the growing demands of
today's technological environment. My recommendation is M.Sc. Eng. Radostin Rusev
to continue his successful research in the field of developing methods for the analysis
of defects in electronic components.

7. Conclusion

The developments in the dissertation are described competently and in the
necessary completeness, the conclusions are very well argued. I believe that the
received results from M.Sc. Eng. Radostin Venelinov Rusev are original and fully
comply with the requirements of the Law on the Development of the Academic Staff
in the Republic of Bulgaria and the Regulations for the Terms and Conditions for the
Acquisition of the Educational and Scientific Degree "Doctor" at TU-Sofia.

The scientific-applied and applied contributions achieved in the dissertation work,
the demonstrated high educational level and accumulated theoretical and research
experience, as well as the obtained practical results in an up-to-date scientific field,
give me sufficient reason to confidently recommend to the Scientific Jury to award the
M.Sc. Eng. Radostin Venelinov Rusev the educational and scientific degree
"DOCTOR" in the field of higher education "Technical Sciences", professional
direction 5.2 "Electrical engineering, electronics and automation", scientific specialty
"Microelectronics".

12.09.2024 Member of the Scientific Jury: ( m)
Sofia (Prof. Dr. Eng. Elissaveta Gadjeva)
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