"CTAHOBHIINE

BBPXY MUCEPTALMOHEH TPy A 3a IpuaoOuBaHe Ha 00pa3oBaTeIHa U HAydHa
creneH ,,JlIokrop* B obnacT Ha Bucie oOpa3oBaHue ,, T eXHHUeCKH HAYKH®,
npodecHoHAIHO HanpaBieHue 5.2 , EleKTpoTexXHuKa, eIEKTPOHUKA M aBTOMATHKA®,
Hay4Ha CIIEIUANHOCT “MuKpoeneKTpoHuKa”.

Aemop na Oucepmayuonnus mpyd: Mar. uHX. Pagoctun BenemunoB Pyces,
Karenpa “Mukpoenexkrponnka®, @akynrer no Enexrponna Texuuka u TexHomoruwu,
Texnnuecku Yuusepcurer — Codusi.

Tema na oucepmayuonnus mpyo. ,,Metonu 3a aHaIu3 Ha Ae(PEKTH B €JIEKTPOHHU
KOMIIOHEHTH

Unen na nayynomo odicypu : nou. n-p uwx. bopucnae Tomopos I'aHeB, kaTeapa
»EaexkTpoHHa TexHuka®”, ®ETT, Texunuecku yauepcureT — Codusi.

1. AkTyaJJHOCT Ha pa3paGoTBaHHs B JUCEPTALUOHHHS TPyA Npold/jeM B
HAYYHO M HAYYHO-IPHJIOKHO oTHomeHHe. CTenen H HHBAa Ha aKTYyaJHOCTTA HA
npodJjieMa N KOHKPETHHTE 3a/1a4H, pa3padoTeHd B AUCEPTALHATA.

Tpyna e akryaies.

CeBpeMeHHaTa CIOXHOCT M BHCOKara CTENEH Ha MHHHATIOPHM3ALMS Ha
CJICKTPOHHUTE YCTPOMCTBA, KAKTO M BHCOKUTE M3UCKBaHUS 3a TAXHATA HANEKITHOCT,
HajlaraT pa3pabOTBaHETO M M3IOJI3BAHETO Ha HOBM METOIM M CPEACTBA 3a KaUeCTBEH
KOHTPOII I10 BpeMe Ha IIPOU3BOACTBEeHUs Ipoliec. IIpaBmiHuaT u360p U nmpuiarade Ha
TE3W  METOOM  MMHMMHM3Mpa  OTKasUTe Ha  yCTpoOiicTBaTa, YyBelU4aBa
IPOU3BOAUTENHOCTTAa M HaMalliBa peKiaMalliiTe Ha NpoAyKTa. B AHEINHO BpeMe,
IIPOU3BOJICTBOTO HA EJIEKTPOHHM H3JENHs € HEeMUCINMO 0e3 TNPHCHCTBHETO Ha
VH)XCHEPH M CIEIHMAIUCTH, KOMTO Ja KOHTPOJIUPAT KaueCTBOTO M Ja aHAJU3UpPaT
poOIEMHUTE Ha PA3IMIHU €TAllM OT TEXHOJOTHIHUS IIPOLIEC.

2.Crenen Ha mNO3HABaHe CbLCTOSIHHETO HA NpoGjeMa M TBOpPYECKa
HHTEpIpeTanus HA JHTePATYPHHUS MaTepHaJl.

Cnen xaTo mpernenax ChIbpXKaHUETO Ha JUCEPTALMOHHUS TPy, MOTa [ia 3asBs,
ye Mar. uHX. PagoctH PyceB e cneunmamucr B o6nacTra Ha OTKPHBAaHETO H
JTHarHOCTUIMPAHETO Ha Je(PEKTH B €IEKTPOHHU MOMYJIH ¥ KOMIIOHEHTH, KAKTO U B
ONTHMHU3UPAHETO Ha METOAM 3a NOAOOpsSBaHE Ha KaueCTBOTO Ha EJIEKTPOHHHUTE
U3MIe]IMs B Pa3IMYHHU €TallK OT IPOMU3BOZACTBEHUS Hporec. JluteparypHaTa cripaBka B
IHCEePTaIMATa II0APOOHO pasriiexaa ChBPEMEHHUTE METOAM 3a aHAJIN3, TEXHOJIOTHH U
TAXHOTO YCTPOMCTBO, KAakTO M DPWIOKHMOCTITA Ha pa3IUYHUTE TEXHUKA B
cnenupUIHYU CIrydan.



QETT75-HC1-068
| AR WAL IR
TikkiliJ iU}

3. CroTBeTCTBHE HA naﬁpaHaTa METOAHKAa HAa H3CJ€ABAHEC H IMOCTABCHATA
e M 3a1a4i Ha JHCEPTANHOHHHUSA TPYX € MOCTHIHATUTE NIPHUHOCH.

MeronukaTa Ha U3CIeABaHe TOYHO U IOCIIEN0BATEIHO cienBa (popMyrpaHuTe
3aJjaud M IeJH B JUCEPTAIMOHHUSA TpyA. Meromukara € qoOpe o00OCHOBaHAa W 3a
HelfHaTa JOCTOBEPHOCT MOXe Ja Cc€ CBhAM [0 IIOCTUIHATUTE Ppe3yNTaTd OT
H3CIICABAHUATA, aHAIU3UTE UM B QOPMYIUPAHNUTE 3aKITFOUCHMS.

4. Hayuynu W/WIM HAYYHO-IIPWJIOKHH W NPHJI0XKHM TNPHHOCH Ha
AUCEPTALMOHHHUS TPYA.

Cunram, 4Ye IPUHOCHTE MMAT HAyYHO-TIPUIOXKEH U IPUIOXKEH Xxapakrep. Te
Morar 1a 0bpaaT 0000IeHN KaKTO ClIEABa:

Hayuno-npunosichu npunocu

1. PaspaGoTeHa € TEXHOJOTHS Ha KOMOWHHpaH OTIEYaTBK, KOATO JaBa
BB3MOXXHOCT 3a Ch3/]JaBaHE Ha MHAVBUIYAIHW YCIOBHUS 3a OITUMAaJHO 3allosiBaHe Ha
BCEKHU M3BOJ KbM KOHTAaKTHA IUIOIIAJKA.

2. PaspaGoTeHa e MeTomuKa 3a MpeLM3HO Jo0aBsHe Ha CIEHUATM3UPAHU
MaTepuagy B CIOSBAINM MMACTH C IIeJ MHAWBHUIYATHO yIIpaBJIEHHE Ha KayeCTBOTO Ha
CIIOMKHUTE.

3. JlopasBuTH ca METOHOJIOTMHTE 3a OTKPHBAaHE M OIEHKAa Ha JedeKTH IIpU
IPOU3BOACTBOTO Ha €JIIEKTPOHHH MOAYJH M CHOTBETHO MOAOOpeHHe Ha
IIPOU3BOJCTBEHUTE IIPOLIECH.

4. Ilony4yeHuTe pe3yJITaTU OTHECEHU KbM ChOTBETHUTE CTAaHAAPTH 3a OLICHKA Ha
€JICKTPOHEH MOHTAX Ca LICHEH pecypc 3a pa3BUTHE HA CTaHAAPTHUTE.

Ipunosicnu npunocu

1. OnTuManHo 3amosBaHe 4Ype3 U3MoJ3BaHe Ha cTpyeH medar (Jet Printing) 3a
Ch3/1aBaHe Ha KOMOWHUPAH OTIIEYaThK.

2. Bp3 ocHOBa Ha ropHOTO (CTpyeH IeuaT 3a Cbh3laBaHe Ha KOMOMHHpaH
OTIIEYaTHK), € ONTHMU3NpPaHa TEXHOJIOTHATA Ha 3al0siBaHe B MapHa (aza.

3. MoauduLrpanu 1 ONITUMU3UPAHK ca MeToAuTe 3a (1) aHanu3 Ha AelaMUHAIIS
B MHTETPAJIHU CXEMH, 32 H3MepBaHe Ha KyXWHH B CITIOMKH U 3a M3MepBaHe Ha CHJa Ha
CKbCBaHE Ha CITOMKa.

4. Cp3ganeHa e 6a3a ¢ pe3yiTaTH OT U3IOJ3BaHe HAa KOMOMHUpAH OTIEYaThK U
BIMSIHUETO MYy BBPXy KOJHMYECTBOTO KyXMHHM B CIIOMKWTE M 3[paBHHATa MM 32
pa3IUYHM €JICKTPOHHN KOMIIOHCHTH.

Cuwram, Ye MOTydYEeHUTE PE3YNITaTH Ca OPUTHHAIHY U HAITbJIHO CbOTBETCTBAT Ha
W3WCKBAHMUATA 3a OWUCEPTAIlMOHEH TpyH 3a MpuaoOuMBaHe Ha oOpa3oBaTenHaTa U
Hay4Ha CTeneH ,,JlokTop".
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S. [Ipenenka Ha MyOAMKANUMUTE MO0 AUCEPTAIHMOHHHS TPYA: Opoii, XapaxkTep
HAa H3JAHMATA, B KOUTO Ca ormedatanu. OTpajkeHHe B HAYKATA — H3MOI3BAHE H
HUTHPaHE OT APYTd aBTOPH, B APYTH Ja00OpPaTOPHH, CTPAHHU U TP.

KangumareT e mpexncraBmin 7 myOnukamum ¢ HeroBo ydactue. OT Tax 6
myOJIMKalUy ca TpeICcTaBeHr Ha KoH(epeHIH B bwiarapus u 1 B uyx6una. B 2
HAayYHH IyONMKamuy € IOCOYeH KaTo IbpBH aBTOp. Bcuuku myOmukanuy ca
MHICKCHUPaHU B SCOpPUS, KaTO ca OTKPUTHU U 6 IUTUPAHUSL.

6. MHeHus1, NpEeNnOPbKH U 0eJIemKKH.

B nuceprammsaTra ce HaMupaT 3HAYUTENHO KOJIUYECTBO IMPABOMNMCHU TIPEIUKH.
[Nokazanu ca mpekajieHO MHOro Tabmuim. Hsxou ¢urypu ce moBTapsT, HalpHMep
¢ur.49 u 62, 39 u 61 u ap. B cuchka ¢ M3MONI3BaHK CHKpaIeHNs Moxe Ou e [o6pe
Jla ce MOKaXe U YYXXJOE3WKOBHSAT MPEBOJ 3a BCHYKU H3pa3d, HE CaMO 3a HIKOH.
IIpenoppuBam cbe ,,Z“ na He ce Oenexxu caMo aKyCTHUeH UMIIEJJaHC, a UMIEAaHC.
N3Bogute crmex Becska INIaBa ca MPEKaIeHO MHOro, KaTo BMecTO Aa (oKycupar
9qUTaTeNs KbM OCHOBHUTE MOMEHTH OT IJIaBaTa ce CJIyuBa TOYHO OOPaTHOTO.

7. 3akni04eHne ¢ SICHA IMOJIOXKHTENHA MM OTPHIATETHA OleHKAa Ha
AHCEPTALMOHHMS TPYA.

Cuutam, Je noaydeHuTe oT Mar. uHX. Pagoctiun Benenuros PyceB pesynraru ca
OpPUIMHAJIHKU M CHOTBETCTBAT HAa W3HUCKBAaHUATA 3a JUCEPTAIlMOHEH TPyHd 3a
npunobuBaHe Ha oOpa3oBaTelHaTa W Hay4yHa cremneH ,Jlokrop". Paspabotkure B
IMCcepTalMsITa ca ONMUCAaHU KOMIIETEHTHO M B HeoOxoxuMara IbIHOTa. M3Bomute u
3aKJIIOYEHUsITA ca Jo0pe IMOCTPOeHH U apryMeHTHpaHH. [[OKTOpaHTHT € IOKpHII
MuHNManHuTe u3uckBaHus Ha TY-Codusa. OneHsBaM IOJOXKHUTENTHO aKTyaJlHHS
XapakTep U IIOCTUTHATUTE Pe3yJITaTH OT pa3paboTKara Ha AUCEPTALUATa Ha Mar. HHX.
Panoctun Pyces.

IloslydyeHuTe B AUCEPTaLIMOHHMS TPY I HAYYHO-TIIPUJIOKHH U MIPUIIOKHHA IPUHOCH,
JEMOHCTPHPAHUTE BHCOKO O0pa30BaTeNHO HHMBO M HATpylaH TEOPETHYECKH M
H3CJIEN0BATENICKHA OIUT C IOCTUTHATH U NPAKTUYECKH Pe3yJITaTH B €JHA aKTyalHa
Hay4Ha 00JacT, MU J]aBaT JOCTaThbYHM OCHOBAHHUSA Ja IMPErnophbyaM Ha yBaXKaeMOTO
XypH Jla IpUCBHAM Ha Mar. uHX. Pagoctun BenemnHoB PyceB oOpa3oBaTenHaTta u
Hay4YHa CTelleH ,,JIokTop“ B o6iactra Ha BHUcIIe 00pa3oBaHue ,, TeXHHIECKH HAYKU",
npodecroHaNHO HampaBieHue 5.2 ,,EleKTpoTeXHHKa, eJEKTPOHUKA ¥ aBTOMATHKa®,
Hay4Ha clieruanHocT “MHKpoeleKTpOHUKA”.

Hara: 13.09.2024 r. YJIEH HA XYPUTO : < /Yl)
rp. Codus ( mou. n-p umx. bopucnas ["aneB)
TY-cooua
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OPINION

on the dissertation for the award of a Doctorate in the field of "Technical
Sciences," professional direction 5.2 "Electrical Engineering, Electronics, and
Automation," scientific specialty "Microelectronics."

Author of the dissertation: M.Sc. Eng. Radostin Venelinov Rusev, Department of
Microelectronics, Faculty of Electronic Engineering and Technologies, Technical
University of Sofia.

Title of the dissertation: "Methods for Defect Analysis in Electronic
Components."

Member of the scientific jury: Associate Professor Dr. Eng. Borislav Todorov
Ganev, Department of Electronic Engineering, FETT, Technical University of Sofia.

1. Relevance of the research problem in scientific and applied terms. Degree

of relevance of the problem and the specific tasks developed in the
dissertation:

The research is relevant.

The modern complexity and high degree of miniaturization of electronic devices,
combined with high reliability demands, necessitate the development and use of new
methods and tools for quality control during the manufacturing process. The correct
selection and application of these methods minimize device failures, increase
productivity, and reduce product recalls. Today, the production of electronic devices is
unthinkable without the presence of engineers and specialists who control quality and
analyse issues at various stages of the technological process.

2. Understanding of the problem and creative interpretation of the

literature:

After reviewing the content of the dissertation, I can state that M.Sc. Eng.
Radostin Rusev is a specialist in detecting and diagnosing defects in electronic modules
and components and optimizing methods to improve the quality of electronic products
at different stages of the manufacturing process. The literature review in the
dissertation thoroughly covers modern analysis methods, technologies, their structure,
and the applicability of different techniques in specific cases.

3. Correspondence of the chosen research methodology with the defined

goals and tasks of the dissertation:

The research methodology precisely and consistently follows the formulated tasks
and objectives of the dissertation. The methodology is well-grounded, and its reliability
is demonstrated by the achieved research results, their analyses, and the formulated
conclusions.
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4. Scientific and/or applied contributions of the dissertation:

I believe the contributions have both scientific-applied and applied value. They
can be summarized as follows:

Scientific-applied contributions:

1. A combined printing technology has been developed, enabling the creation
of individual conditions for optimal soldering of each lead to a contact pad.

2. A methodology for precisely adding specialized materials to solder pastes
has been developed to individually control solder quality.

3. Methodologies for detecting and evaluating defects during the production
of electronic modules have been further developed, improving
manufacturing processes.

4. The obtained results, related to the relevant standards for evaluating
electronic assembly, are a valuable resource for standard development.

Applied contributions:

1. Optimal soldering using jet printing to create a combined print.

2. Based on the above (jet printing for combined print creation), the vapor
phase soldering technology has been optimized.

3. Methods for analysing delamination in integrated circuits, measuring voids
in solder joints, and measuring solder strength have been modified and
optimized.

4. A database has been created with results from using combined printing and
its impact on void quantities in solder joints and their strength for different
electronic components.

consider the obtained results original and fully meeting the requirements for a
dissertation for the degree of Doctor.

5. Evaluation of the publications related to the dissertation:

The candidate has presented seven publications with his participation, six of
which were presented at conferences in Bulgaria and one abroad. In two of the
publications, he is listed as the first author. All publications are indexed in Scopus, and
six citations have been found.

6. Comments and recommendations:

There are numerous typographical errors in the dissertation. Too many tables are
shown, and some figures are repeated, such as Figures 49 and 62, 39 and 61, and others.
In the list of abbreviations, it would be better to include the foreign language translation
for all terms, not just some. I recommend not marking only acoustic impedance with
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"Z" but simply impedance. The conclusions after each chapter are too many, and
instead of focusing the reader on the main points, they tend to do the opposite.

7. Conclusion with a clear positive or negative evaluation of the dissertation:

I believe that the results obtained by M.Sc. Eng. Radostin Venelinov Rusev are
original and meet the requirements for a dissertation for the award of the degree of
Doctor. The developments in the dissertation are competently described in sufficient
detail. The conclusions are well-constructed and justified. The doctoral candidate has
met the minimum requirements of TU-Sofia. I positively evaluate the relevance and
the results achieved in the dissertation work of M.Sc. Eng. Radostin Rusev.

The scientific-applied and applied contributions presented in the dissertation,
along with the demonstrated high level of education, theoretical knowledge, and
research experience with practical results in a relevant scientific field, give me
sufficient grounds to recommend that the esteemed jury award M.Sc. Eng. Radostin
Venelinov Rusev the educational and scientific degree of Doctor in the field of higher
education "Technical Sciences," professional direction 5.2 "Electrical Engineering,
Electronics, and Automation," scientific specialty "Microelectronics."

Date: September 13, 2024 Member of the jury: ()
Sofia. ( Associate Prof. Dr. Eng. Borislav Ganev)
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