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CTAHOBHIIE

BBpXY JUCEPTAlMOHEH TPY/[ 3a IpunobuBane Ha oOpa3oBaTelHa U Hay4Ha cTerneH ,.Jlokrop*
B 00JIacT Ha BHcIIe 00pa3oBaHUE ,, | eXHMUECKH HAYKU,
npodecroHaIHO HampasieHue 5.2 ,,ENeKTpoTeXHHKa, €JIEKTPOHUKA X aBTOMATHKA ,
Hay4Ha CIenUaTHoCT “ MUKpoeIeKTpoHuKa ~

Asmop na oOucepmayuonnus mpyo: Mar. wuHX. PagoctuH BenemmnoB PyceB, karempa
»Mukpoenekrponuka“, ®ETT, Texauuecku yausepcuret — Copus

Tema Ha oucepmayuonnust mpyo: ,Merou 3a aHau3 Ha Ae()EKTU B €JIEKTPOHHU KOMIIOHEHTH

Unen na unayynomo xcypu:. npod. a-p ummx. Hukomait J[umuTpoB MamxapoB, kartenpa
~EaekTponuka®, Texanyecku yHuBepcutet — ['abpoBo

1. AkTyanHocT Ha pa3pa0oTBaHHsI B JHCePTAIHOHHHS TPyX NpodjeM B HAYyIHO H
HAYYHONPHJIOXKHO OTHOLIECHHE.

HapexxnaocTTa Ha chbBpeMEHHAaTa E€IEKTPOHHKA, NPU KOATO CHIIECTBYBAa BHCOKAa CTEIECH Ha
HHTETpalys, B rojsiMa CTENEH Ce ONpeNesi OT METOAUTE 3a IIPOM3BOJCTBEH M TEKYyIl KOHTPOI H
aHaJIu3 Ha OTKA3UTE B CHCTABSAIINTE JUCKPETHH U UHTETPATTHY €JIEKTPOHHHN KOMIIOHEHTH. OCHOBHATA
IeJ1 € /1a CE IIOCTUTHE HUCKO CHIIPOTHUBIICHHE, BUCOKA MEXaHWYHA SIKOCT U J00pa TOIIONPOBOAUMOCT
Ha CIIOMKHTE B €JIEKTPOHHOTO u3zenue. IIpu enexTpoHHHTE MOAYNIH, H3paOOTEHN BHPXY II€UYaTHH
IUIATKH HAJEXKIHOCTTa, ce¢ JAepUHHMpa KaTo CIHOCOOHOCTTA HA CIIOGHUTE KOMIIOHEHTH Ja
(GyHKIMOHHpAT IpH JNaJCHH YCIOBHS, M 3a [aJeH IEPHOJ OT BpeMme, Oe3 1a HaJBUIIABAT
JIOTTyCTUMHTE HUBA HA OTKA3H.

AKIIEHTBT Ha U3BBPIICHATA paboTa B JUCEPTAlMATa € OCHOBHO CBBpP3aH C M3IOJI3BAHETO Ha
HUCKOTEMIIEPATypHH CHOMBAIlM MacTH 3a HONOOpsABaHE HAAEKIHOCTTA M IIOBHIABaHE Ha
Ka4eCTBOTO Ha CIIOMBAINOTO CheANHEHUE. B Ta3u Bph3ka € aHaIM3upaHo, KakK H3MOJI3BaHETO HA HOBH
MaTCpUaJld M TEXHOJOIMH, MOraT Ja ONTHMH3UpAT IpOoLeca Ha 3al0sBaHEC M YCKOPSIBAaHE Ha
M3MUTBAHUSA 110 HAJACKIHOCT.

ITomydenuTe Hay9HO-TIPUIIOKHU pE3YJITaTH Ca WM3IION3BaHHU IIPH H3BBPIICHHTE B TjiaBa 5
IIPaKTUYECKHU U3CIeIBaHus, ChoOpa3zeHu cbe ctanaapt IPC-610H.

Bcenuxo ToBa 00ycnaBs akTyalHOCTTa Ha pa3paboTKara ¥ HallpaBeHOTO OT JOKTOPAaHTa HayqYHO
H3CIIeIBaHe.

2. CTenen Ha MO3HABAaHE CHCTOSIHHETO HA MPo0JeMa M TBOpPYECKA MHTEPHpPETANHA HA
JIATePATYPHHUSI MATEPHAJ

B o630pHarta yacT Ha IUCEPTAMOHHHS TPy € IOKAa3aHO MHOro J00po II03HAaBaHE Ha
CHCTOSIHMETO Ha Ipo0jeMa U yIOBIETBOPUTENICHA JINTEPATypHa OCBEJOMEHOCT 10 OTHOINCHHE Ha
OespaspymHTeNHUTe W Pa3pyIINTETHH METOJM 3a aHAIM3 Ha OTKa3H, BKJIIOYHTEIHO TEXHUTE
IOPEIUMCTBA, TEXHHYECKM CHCTEMH U pe3ylaTaTH OT Hay4YHO-IIPWJIOKHH pa3paboTku Ha
YHHBEPCUTETCKH M (pUpMEHHM M KOJEKTHBH. ToBa € IO3BOJIMIO IpaBHIHA HHTEPIPETAlMs Ha
uHQopManuATa W JebUHMpaHe Ha LelTa W 3aJa4ydTe Ha JUcepTaloHHaTa pabora. [lpu
pa3paboTBaHETO Ha MUCEPTALMOHHUS TPy aBTOPHT € M3MOJ3Ba1 189 JMTepaTypHM H3TOYHMKA,
OCHOBHO Ha JIATMHUIA, MyOmuKyBaHu B nepuona 1981 - 2024 r., kaTo roisMa 4acT OT TAX ca ClIe]l
2015r.

Bcuyko ToBa okasBa, 4e JOKTOPAHTHT € 3al03HAT J0OPe ChC CHCTOSHUETO HA U3CIICIBAHUITA
10 TeMaTUKaTa Ha JUCEPTAlMOHHUS TPYJ U NPUTEXKaBa YMEHHUS 3a CAaMOCTOATENHA pa3paboTKa Ha
HOBH HJICU U CXEMOTEXHHYHHU PEIICHHS B 00JIaCTTa HA METOH 3a aHAIN3 Ha Ie(EKTH B IIEKTPOHHHA
KOMIIOHEHTH.

3. ChoTBeTCTBHE HA n36paHaTa METOAMKA HA U3CJICIBAHEC U IMMOCTABECHATA IEJ M 3aaYH
Ha JTHCCPTANHOHHHUSA TPYA ¢ MOCTUTHATHTE MPHUHOCH.
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Ilenta Ha [OUCEpTAMOHHUS TPYHX € Ja ce€ DPa3paloTAT METOAM 3a YCTAHOBSBAaHE Ha
JenaMUHALKs B MHTEIPAJIHU CXEMH, OTKpHBaHE Ha KyXUHH B CIOMKM Ha AUCKPETHH M MHTETPAIHH
KOMIIOHEHTH BBPXY IE€UATHHU IUIaTKH, KaKTO W Ja Ce HPEUIOKAT peleHHs 3a MoJo0psBaHe Ha
HAJCKAHOCTTA Ha CIIOMBAIIOTO ChEAUHEHHUE.

N3bpanara Meronuka 3a H3CIEABaHE BKIIOYBA CKCICPHMEHTAIHO BepHU(UIMpaHe Ha
pa3paboTeHHUTEe TEXHOJOTHS TpPH 3alosBaHe, METOJHMKA 3a IPEHH3HO ONpeJciifHe ChCTaBa Ha
CIIOSIBAIIM ITACTH ¥ METOZOJIOTHMMTE 3a OTKPUBAHE M OIECHKA Ha Je(EKTH IpPU MPOU3BOJACTBOTO Ha
€NIEKTPOHHH MOJIYJIH.

Ilpy BcWYKM W3CNENBaHUS € HaIMIE 3HAYWTENHO CHBIIAJEHWE Ha pe3yJiTaTuTe oT
AHAJMTUYHOTO HM3CJICJBAHE U EKCIIEPUMEHTAHUTE JaHHH, KOETO JaBa OCHOBAHHUE Jia CE CUUTA, Ue
IapaMeTpUTe Ha MOJICTIUTE Ca a[JIEKBaTHO OIIPE/ICIICHH.

4. Hay4ynn n/niau HAyYHONPUJIOKHH U NMPUJI0KHH NPUHOCH HA AUCEPTANHOHHUS TPYA

B mucepranuonsusi Tpya ca GopMyIHpaHU OCEM IIPUHOCA ChC 3HAYUMOCT U MOJIE3HOCT IIPH
ureHTHUIEpaHe Ha JelaMUHAIUI B WHTETPAIHM CXEMH IIPH B3aMMOJEHUCTBHETO MM C OKOJIHATa
cpena, ¥ B YaCTHOCT IIPU U3IIOJI3BAHETO HAa HUCKOTEMIIEPATYPHHU CIIOHBAIIY aCTH, KOUTO HaMaJISIBaT
TEeMIIEpaTypHUTE BB3ICUCTBHA BBPXY €IEKTPOHHHTE KOMIIOHEHTH, BKIIOYHTEIHO B acleKTa Ha
IpeOTBpaTsABaHe Ha JelaMHHanusATa. YeTHpH OT TAX MOraT Ja Ce OIpPeleNiaT Karo HaydHO-
IPWIOKHA W YETHPH KaTo IPWIOKEHH. BCHYKM ce OTHAacAT OCHOBHO JO pa3BUBAaHETO Ha
CBINECTBYBAIllM 3HAHUS HAa CHCTEMHUTE 3a OKAa4YECTBSBAHE, Ype3 WM3BBPIIBAHE HA W3CIIEC/BAHUS,
aHAIM3H, KaKToO ¥ pa3paboTBaHe Ha METOMIH, Ch3IaBaIllil MO-U3APHKINBA U HAICKIHN €JIeKTPOHHU
YCTpOMCTBA M CHCTEMH, KOHTO OTTOBapsAT Ha HAapacTBAIIUTE H3MCKBaHHS Ha CHBPEMEHHATa
TEXHOJIOTYHA CpeJia.

Hayuno-nmpunoxxaure mnpuHOCH 0000maBaT wu3BbpIIeHaTa paboTa MO CHHTE3UPAHETO,
IPOEKTUPAHETO ¥ pa3paboTBaHETO HA TEXHOJIOTMU Ha KOMOMHMPAH OTIIEYATHK U IPEHU3HO J00aBIHE
Ha CIENUAIM3UPAHN MaTEPUAU B CIIOSBALIUTE [IACTH, KOUTO JaBaT BH3MOXKHOCT 3a Ch3[aBaHEe Ha
MHIUBHIyaJlHU YCJIOBHS 3a ONTHMAJIHO 3allOsBaHe Ha BCEKHM W3BOJ KBM KOHTAKTHA ILIOIIAMKA.
Jlopa3BUTH Cca METOAOJIOTHHMTE 3a OTKpHBAaHE M OLCHKa Ha Je(exTH IpH IpPOU3BOACTBOTO Ha
CICKTPOHHH MOJYJH, Karo IOJIyYeHHUTE pe3yJTaTH ca OTHECEHH KbM CTaHJapTHTE B TOBa
HallpaBJICHHE. )

KBM npuinoxauTe NpHHOCH MOraT Ja c€ OTHEcaT pe3yJITaTUTe OT eKCIIepHMEHTaIHaTa
paboTa, cBbp3aHa ¢ MOAUUINPAHETO U ONTUMHUIMPAHETO Ca METOJUTE 33 AaHAIU3 Ha JeTaMUHAIAS
B MHTETPAIHH CXEMH, 3a H3MepBaHe Ha KyXWHHU B CIONKH, 3a M3MEpBaHe Ha CHJa Ha CKhCBaHE Ha
CIIOMKaTa M 3a 3all0sABaHE Ype3 M3IMOJI3BaHE Ha CTPYEH IEYaT, C MPUIOKEHHE B TEXHOJIOTHATA Ha
3amosBaHe B napHa (aza. Cr3naseHa e 6asa ¢ pe3yTaT OT U3MOJI3BaHE Ha KOMOMHUPAH OTIIEYaTHK
U BIMSHHETO My BBpPXY KOJHMYECTBOTO KYXHHHM B CIOMKHTE M 34paBHHATa UM 3a pasjIddHU
€JIEKTPOHHH KOMIIOHEHTH.

S.Ilpenenka Ha nyOJHKanUATEe IO JHCEPTANMOHHHMA Tpyd: Opoil, Xxapakrep Ha
H3IaHHATA, B KOUTO ca oTmedaraHd. OTrpakeHHe B HayKaTa — H3MO0J3BaHe W IMATHpPaHE OT
APYTH aBTOPH, B IPyTH Ja0opaTopuu, CTPaHH H Ip.

OcHoOBHHTE pe3ynTaTH, HOJYYECHU B AUCEPTAIIMOHHUS TPY/I, Ca IPEACTABEHH B CEZleM HayJHHU
ny6mikanuu B nepuoga 2020-2023 r., 0CHOBHO B ChaBTOPCTBO C HAYYHHS PBKOBOAUTEN MPOd. I-p
UHX. Ipod. 1-p ['eopru AHrenoB u KOJIETH OT KOJIEKTHBa, KOUTO TOM pbhKOBOIM. Benukute cratnu
ca myOnuKyBaHH B M3[aHud, pedepupany U HHAEKCHpaHU B enekrpoHHara 6a3u panau SCOPUS.
JlomeIIHATENHO MOXeE Ja ce 0TOeNnexXH, 9e OT ClIpaBKara B chllara 6a3a qaHHU, Mar. HHX. Panoctun
Benenunos PyceB uma 6 murtupanus 3a nepuona 2021-2024 roa. Tasu HayuHO-nprioxKHa paboTta
CHOTBETCTBA Ha MHACKC Ha XupI 2.

[ly6nukanunte Ha JOKTOPAHTA MO TUCEPTAIMATA, ChIBPXKAT OCHOBHHUTE IPHHOCH, 38 KOUTO CE
npeTeHaupa. ToBa ChOTBETCTBA HAa M3UCKBAaHMATA Ha 3aKOHA 32 Pa3BUTHUE Ha aKaJEMUYHHS CHCTAB
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Ha IIpaBuiHHKa 3a HETOBOTO NPWJIOXKEHHE 3a MyOJMKYBaHE Ha Hal-CHINECTBEHHTE YacTH OT
IVMCEPTAUOHHUS TPY. '

ITo rpynuTe OT MoOKa3aTeNH 3a U3NBIHEHNETO HAa MUHAMATHUTE HAIIMOHAIHN H3UCKBaHMS, Mar.
K. Pagoctun BeneminoB PyceB e mpeacTaBmi JOKa3aTelICTBEH MaTepual 3a ChOpaHM TOYKH,
KaKTO CJIe/[Ba:

I'pyna ot nokasarenu A (Haii-maiko 50 Toukn) - qucepTanuoHeH Tpya. O6mo 50 Toukw;

I'pyna or nokasaremu I' (maii-manko 30 toukm) - I'7 myGnukanuu B M3JaHHSA, KOHTO Ca
pedeprpanyu 1 MHIEKCHPAHH B CBETOBHOM3BECTHY 6a3y AaHHH - 7 Op. myO/MKauuy ¢ pasjimdyeH Opoit
aBTOpH — 69.67 TOUKM.

6. Muenusi, IpeNOPBHKH H OeIeKKH

Hsamam kpuTHdHE O€NeXKH IO IpeICTaBEHHUTE OT JOKTOpaHTa MaTephaind. Ja mpoxbinku
paboTa B 061acTTa Ha CHBPEMEHHATE METOAM 3a aHAIM3 Ha Ne(EKTH B €IEKTPOHHH KOMIIOHEHTH C
pasnuyHo npuitoxeHue. [Ipenoprusam 1a HacouM ycunusaTa cu KbM pa3IupsIBaHe Ha IPHI0)KEHUETO
Ha pa3paboTeHHTEe METOOYW W AITOPHTMH 3a TECTBaHE B PEATHOTO MPOHM3BOACTBOTO HA GHUPMH B
00acTTa Ha ChbBPEMEHHATA SJICKTPOHHUKA.

7. 3ak/09enne ¢ SICHA NMOJOKHTEJIHA WM OTPHUIATETHA OLEHKA HA JUCEPTANMOHHHS
TpYA
Cunram, 4e IpeACTaBeHHUAT JUCEPTAIMOHEH TPY/] 0TrOBaps Ha U3MCKBAHMATA Ha 3aKOHA 32
pa3sBUTHE Ha aKaIcMHUYHMs cbcTaB B Pemy6nuka boirapus u [IpaBuiHuKka 3a yCIOBHATA U pefia 3a
npuoOHBaHe Ha HaydHH cTeneHH B Texumdecku YHuepcuteT — Codus M0 OTHOLIEHHE HA 06€EM,
Ka4ecTBO, HAy4YHH IpPHHOCH M IyOimkamuu. IlocTurHatmTe pesynraTh MH JaBaT OCHOBAaHHE Aa
npemopbhbyamM Ha HaydHoTo Xypum fma mpuchan Ha Mar. mEX. Pagoctun Bemesmnos Pyces
o0Opa3oBaTellHATa U HAyYHA CTEIEH ,A0KTOP” B 00J1aCT Ha BUCIIETO oOpasoBanue: 5. TexHuueckn
HayKH, IpodecroHaNHO HampaBieHue: 5.2. EjeKTpoHHKA, eJIEKTPOTEXHMKA M ABTOMATHKA,
Hay4Ha CIIEIUATHOCT ,, MHKpPOeJeKTPOHHKA .

Mara: 12.08.2024 r. YJIEH HA XYPUTO : ( n ) )
rp. 'abporo (mpod. n-p urx. Huxomait 1. Mamkapos)
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STATEMENT

on a dissertation
for obtaining the educational and scientific degree "Doctor"
in a field of higher education 5. Technical Sciences,
in professional field 5.2. Electrical Engineering, Electronics and Automation,

Scientific subject: Microelectronics,
Author of the dissertation: Eng. Radostin Venelinov Rusev, MSc
Dissertation topic: METHODS FOR DEFECT ANALYSIS IN ELECTRONIC COMPONENTS
Member of the scientific jury: Prof. Dr. Nikolay Dimitrov Madzharov - Technical University —
Gabrovo

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

The reliability of modern electronics, where there is a high degree of integration, is largely
determined by the methods of manufacturing and ongoing control and failure analysis of the
constituent discrete and integral electronic components. The main goal is to achieve low resistance,
high mechanical strength and good thermal conductivity of the solder joints in the electronic
product. In electronic modules built on printed circuit boards, reliability is defined as the ability of
soldered components to function under given conditions, and for a given period of time, without
exceeding acceptable failure rates.

The emphasis of the work performed in the dissertation is mainly related to the use of low-
temperature solder pastes to improve the reliability and increase the quality of the solder joint. In
this regard, it is analyzed how the use of new materials and technologies can optimize the soldering
process and speed up reliability tests.

The obtained scientific and applied results were used in the practical studies carried out in
chapter 5, in accordance with the IPC-610H standard.

All this determines the relevance of the development and the author's scientific research.

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

literary material

The overview part of the dissertation shows a very good knowledge of the state of the
problem and a satisfactory literature awareness regarding the non-destructive and destructive
methods of failure analysis, including their advantages, technical systems and results of scientific
and applied developments of university and company and collectives. This has allowed a correct
interpretation of the information and definition of the purpose and tasks of the dissertation work.
In developing the dissertation, the author used 189 literary sources, mainly in Latin, published in
the period 1981 - 2024, most of them after 2015.

All this shows that the author is well acquainted with the state of research on the subject of
the dissertation and possesses skills for independent development of new ideas and schematic
solutions in the field of methods for analyzing defects in electronic components.
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3. Correspondence of the chosen research methodology and the purposes and tasks of
the dissertation with the achieved contributions

The aim of the dissertation is to develop methods for establishing delamination in
integrated circuits, detecting cavities in solder joints of discrete and integral components on printed
circuit boards, as well as to propose solutions for improving the reliability of the solder joint.

The chosen research methodology includes experimental verification of the developed
soldering technology, a methodology for precisely determining the composition of soldering pastes
and the methodologies for detecting and evaluating defects in the production of electronic
modules.

In all studies, there is a significant coincidence of the results of the analytical study and the
experimental data, which gives reason to consider that the parameters of the models are adequately
determined.

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

The dissertation formulated eight contributions of significance and utility in the
identification of delamination in integrated circuits in their interaction with the environment, and
in particular in the use of low-temperature solder pastes that reduce the temperature effects on
electronic components, including in the aspect of preventing delamination . Four of them can be
defined as scientific-applied and four as applied. All are primarily concerned with the development
of existing knowledge of quality systems, by conducting research, analysis, as well as developing
methods creating more durable and reliable electronic devices and systems that meet the increasing
demands of the modern technological environment.

The scientific-applied contributions summarize the work carried out on the synthesis,
design and development of technologies of combined imprint and precise addition of specialized
materials in solder pastes, which enable the creation of individual conditions for optimal soldering
of each pin to a contact pad. The methodologies for detecting and evaluating defects in the
production of electronic modules have been further developed, and the obtained results are referred -
to the standards in this direction.

Applied contributions include the results of experimental work related to the modification
and optimization of methods for delamination analysis in integrated circuits, for measuring solder
voids, for measuring solder break strength, and for soldering using inkjet printing , with application
in vapor phase soldering technology. A database has been created of the results of using a
combined footprint and its effect on the amount of voids in the solder joints and their strength for
various electronic components.

5. Evaluation of the dissertation publications

The main results obtained in the dissertation work are presented in seven scientific
publications in the period 2020-2023, mainly in co-authorship with the scientific supervisor Prof.
Dr. Eng. Prof. Dr. Georgi Angelov and colleagues from the team he leads . All articles are
published in publications, referenced and indexed in the SCOPUS electronic database.
Additionally, it can be noted that from the reference in the same database, mag. Eng. Radostin
Vanelinov Rusev has 6 citations for the period 2021-2024. This scientific and applied work
corresponds to Hirsch index 2.



The doctoral student's dissertation publications contain the main contributions claimed.
This corresponds to the requirements of the Law on the Development of the Academic Staff and
the Regulations for its Application for the publication of the most essential parts of the dissertation
work.

On the groups of indicators for the implementation of the minimum national requirements,
mag. Eng. Radostin Vanelinov Rusev has presented evidence for collected points as follows:

Group of indicators A (at least 50 points) - dissertation work. Total 50 points;

Group of indicators D (at least 30 points) - D7 publications in publications that are
referenced and indexed in world-famous databases - 7 nos. publications with different number of
authors — 69.67 points.

6. Opinions, recommendations and notes

I have no critical remarks on the materials presented by the doctoral student. To continue work in
the field of modern methods for the analysis of defects in electronic components with different
applications. I recommend that he direct his efforts to expanding the application of the developed
methods and algorithms for testing in the real production of companies in the field of modern
electronic.

g Conclusion

I believe that the presented dissertation respond to the requirements of the Law on the
Development of Academic Staff in the Republic of Bulgaria and the Regulations on the terms and
conditions for obtaining scientific degrees at the Technical University - Sofia in terms of volume,
quality, scientific contributions and publications. The achieved results give me grounds to propose
to the Scientific Jury to award Eng. Radostin Venelinov Rusev, MSc with educational and
scientific degree "Doctor" in the field of higher education: 5. Technical sciences, professional
field: 5.2. Electronics, electrical engineering and automation, scientific specialty
“Microelectronics”. '

August 12,2024 Jury member: < MN)
Gabrovo / prof. Dr. Nikolay Madzharov /
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