METT75-HC1-076

PeueH3us

BbPXY AMcepTalMoHeH TpyA 3a npuaobusaHe Ha obpasoBaTesiHaTa 1 Hay4Ha CTeneH
»BOKTOP"

ABTOp Ha AMCePTaUMOHHMA TPYA: Mar. UH3K. Bopuc JaHaunos [o6puuKos

Tema Ha AucepraumMoHHua Tpya: WMscneaBaHe M NpoekTMpaHe Ha  3alUTU  OT
eNlekTpocratuyeH paspag 3a CMOS uHTerpanHu cxemu

PeueHseHT: gou. A-p AHren CtaHummupos MapuHos

1. AKTyanHoCT Ha paspaboTBaHUA B AUCEPTALMOHHMA TPYA npobiem

AncepTauMoHHUAT TpyA pasmexaa 3alyMTata oT enekTpocTatuueH paspag (ESD) 8
CMOS uHTerpanHu cxemu, KaTo NOCTaBA OCOBEH AKLEHT BbPXY U3CNEABAHETO HA NPEXOAHMUTE
npoueck B 3alUTHUTE enemeHTU. EGeKTuBHaTa 3aliMTa U3UCKBA €1EeMEHTBT @ ce aKTUBMPA
AOCTaTLYHO ObP30, 33 Aa OrpaHUuM HaMpeKeHWeTo BbPXy 3aliMTaBaHaTa cxema. ETo 3auio
aHa/IM3bT Ha npoLeca Ha akTUBALMA € NPAKO CBbP3aH C HAAEMKAHOCTTa Ha MHTerpanHuTe
CXEMMW U C OLLEHKaTa Ha TEXHUTE 3aLMTHM CTPYKTYPU.

MpakTnyeckuar npobnem, pasrneaaH ot LOKTOpaHTa, e aobpe noabpaH. PasnuyHute
AebuHULMK 33 BpeMe Ha aKTMBaLMA MOraT Aa A0BEAAT [0 PasNvUUHU YUCAEHM pesynTaTu 3a
e4iHa 1 Cblia n3smepeHa Gpopma Ha CUrHana, a HaIMYMeTo Ha HanpemuTeneH nuk (overshoot)
W CamosarpsBaHe MoxXe [a 3aTPyAHW TAXHaTa uHTepnpeTauma. MocnesoBaTenHUAT NOAXOA
KbM W3B/NIMYAHETO W CbMOCTABAHETO Ha Te3W MNapamMeTpu € noneseH 3a WHKeHepHaTa
npakTMka. CmMATam TemaTa 3a aKTyasHa, a pabotata No aBTOMaTU3MPaHUA aHaiU3 — 3a
noaxoAALLa HacoKa 3a AOKTOPCKO nscneaBaHe.

2. CTeneH Ha No3HaBaHe Ha CbCTOAHMETO Ha Npo6aema U UHTepnpeTauus Ha
nuTepaTypHUA martepuan

ABTOPBT  AeMOHCTPUpa J06pyM  NO3HaHWA 33  OUBUYHWUTE MEXaHU3MKU  Ha
€/IEKTPOCTaTUYHOTO 3apexJaHe U paspexaaHe, CBbpP3aHNTe C TAX MEXaHU3MU Ha YBpeXJaHe,
OCHOBHWTE MOAENN 33 U3NWUTBaHe N AEWCTBUETO Ha 3aLMTHUTE eNeMeHTU. B aucepTaumsTa
Ca pasriieiaHn KakTo GU3NHHUTE OCHOBM, Taka U MHKEHEPHUTE NOAXOAM 3a 3aluTa Ha CMOS
cxemu. CpaBHEHWMETO Ha YTBbPAEHW AedUHULMM 3a Bpeme Ha aKTMBaLMs ocurypssa
noaxoaAula oCHoBa 3a NOCaeABallMUA aHaus.

BubnunorpadusTta cbabpka 69 HOMEPUPAHW NO3ULMM, BKAIOYUTENHO Hay4YHM
Ny6AMKaLMM, KHUATU U TEXHUYECKM M3TOUHMLM. LLIMPOKMAT o6XBaT Ha MaTepuana noKassa
NO3HaBaHe Ha TeMaTuKaTa. 3HauyMUTENHA YacT OT U3NOMKEeHMeTo obaye MMma onucaTeneH u
y4ebeH xapakrep. MHTepnpeTaumaTa Ha auTepatypata 61 6una no-ybeauTenHa, ako Bogelue
NO-NpAKO A0 ACHO GOPMYNMPAH HepelleH W3CNef0BaTeNCKU NPobAeM U [0 KOHKPETHUTE
3a/a4n, pasrneAaHun B aBTopcKaTa paspaboTka.
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OueHABaM NOMOXWTENHO NO3HAHMATA Ha AOKTOPaHTa Mo TemaTa. Pesepsute\mu ce
OTHACAT OCHOBHO A0 noabopa, opraHWsaumaTa U 0606L1aBaHETO Ha MaTepuana, KOUTO
obcbKaam B pasaen 10.

3. CvoTBeTCTBUE Ha U36paHaTa MeTOAMKA C LieNTa U 3a4aUnuTe Ha AUCEPTaLUOHHUA TPYA

Hamnpam nsbpaHata meToauKa 3a NOAXOAALLA CNPAMO OCHOBHATa 3a/aya 3a aHa/Iu3
Ha npoueca Ha akTnBauua Ha ESD sawuTtHu enemeHTn. PaboTata cbyeTaBa cpaBHeHME Ha
ny6anKyBaHK AedUHULMM, NpoOrpamHa peanusauma Ha TPU METOAA 33 W3BAMYAHE Ha
napameTpK, aHanns Ha USMEPBAHUA C MHOTO 6bP3M MMNY/CK OT NpeaaBaTenHa AMHua (VFTLP)
M CbNOCTaBKa CbC CKPUNT 3a aHanun3 Ha HPPI.

BknlouBaHeto Ha npoueaypu 3a OTKPUMBAHE Ha rpaHULMTE Ha MMMYACa,
HaNPeXuTeIHNA NUK 1 CaMO3arpABaHETO e NONe3HO, Tbil KaTo Te3M 0COBEHOCTU BAUAAT BbPXY
Bb3MOXHOCTTa U3B/IeYEHaTa CTOMHOCT Aa 6bAe CMUCAEHO UHTEpPNpeTMpPaHa. NpunaraHeTo Ha
METOAUTE KbM U3MEPEHU CUTHANW OT AUOAM U TUPUCTOPHU CTPYKTYpM (SCR) nossBonssa Ha
aBTOpa /Ja MOoKa)ke TAXHOTO noBeAeHWe npW pasMyHKU  ycnosuda. [lo-nogpobHOTO
NpeacTaBAHe Ha yCN0BMATA Ha M3MepBaHE M Ha OCHOBaHWATa 3a M3bop Ha nparoseTte 3a
duntpupare 61 Nnopo6pPUN0 BHINPOM3BOAMMOCTTA Ha UBCAEABAHETO.

4. EcrectBO U AOCTOBEPHOCT Ha maTepuana, Bbpxy KOWTO ce oCHOBaBaT npuHocure

AvcepTaunoHHUAT Tpya e B obem oOT 152 CTpaHWLM U BKAKOYBA OCEM rnasu,
3akntoyeHne, GopMynMpoBKa Ha NPUHOCUTE, NMPUNOKEHWA C NPOrPaMeH Koh, CMUCHK Ha
nybavkaunmute n 6ubnuorpadua. Npeacrasern ca 71 durypu u ocem Tabauum. Magm ot 2 bo
7 pasBMBaT NPEAMMHO TeOpeTUYHaTa M TeXHUYecKaTa OCHOBA, AOKaTO MaBa 8 CbAbpiKa
OCHOBHMA aHanM3 Ha BPEMETO Ha aKTUBaluuA, nporpamHaTa peanus3auma w
eKCnepumeHTaNnHUTe pesynTaTu,

OCHOBHUAT eKCcnepuMeHTaneH mMaTepuan ce CbCToM OT usmepeHu VFTLP curHanv ot
AnonHM 1 SCR CTPYKTYpK, peannsmpany No TEXHONOMMK, NOCOYEHU B AMCepTaLMATa KaTo 12
nm, 180 nm 1 350 nm. AHaNU3®LT NOKa3Ba KaKTO MPUIOMKEHWUETO, Taka U OrpaHUYEHUATA Ha
aBTOMATUYHOTO U3B/IMYAHE HA NapaMeTpM.

CpaBHeHwueTOo ¢ npesocTaBeHMs cKpunT Ha HPPI faBa AONbAHUTENHA Bb3MOMKHOCT 33
NpoBepKa Ha nporpamHaTa peannsauma. Hanpumep B Tabnunua 6 ca npeacraseHn 396 ps 3a
aBTopckata peanusauna Ha Metog 2 u 403 ps 3a pesyntata ot HPPI, nonyyeH upes
ycpeaHasaHe. ToBa NOKasBa CbrMaCyBaHOCT 3a pasrnefaHva cayyaih.  [Npuemam
EKCNEPUMEHTANHNA maTepuan 3a A0CTaTb4Ha OCHOBA Ha NaBHUTE W3BOAWU C NPUIONKEH
XapakTep, KaTo CbLIEeBPEMEHHO CYMTAM, Ye NO-NbAHOTO NPEeACTaBAHE Ha NOBTOPAEGMOCTTa U
HeonpeaeneHoCTTa Ha UIMeEPBaHUATA BM 3aCUNUN0 KOAUYeCcTBEHaTa 060CHOBKa.
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5. Hay4yHun u HayyHONPUNOXKHM NPUHOCU HA AUCEPTALUOHHUA TPYA,

L OKTOPaHTLT NpeacTasa ocem npuHoca. Te obxsalaT 0606LLaBaHETO Ha dusndHUTE
OCHOBM, moaenute W KoHuenuuute 3a ESD 3auwjmta; cpaBHEHMETO Ha MeToAWTe 33
onpefensHe Ha BPeMETO Ha aKTuBauusa; pa3paboTBaHeTo Ha codTyep M anroputTmMu 3a
OTKpUBaHe Ha XapaKTepHW 0COBEHOCTU Ha CUTHANWTE; eKCMEPUMEHTANHOTO U3CNeaBaHE Ha
3alMTHM e/IeMeHTU; 1 CpaBHEHWEeTO CbC CKpunta Ha HPPI. Mpuemam npeacraseHuTe oOT
[OKTOpaHTa NPUHOCK.

Cnopes, MeH Haii-CblieCTBEHUTE PesynTaTM WMaT HayYHOMPUIOKEH U NPUNONKEH
xapakTep. Tosa ca aBTOMaTW3MpaHaTa peasnsaLma 1 CbNoCTaBKaTa Ha yTBbPAEHU METOAM 3a
W3BMYaHe Ha nmapameTpu, NPOBEPKUTE 3a OTKPUBAHe Ha Henoaxoaawm 3a obpaboTka
M3MepBaTe/NHWN 3aNUCU U AEMOHCTPMPAHETO Ha NOAXOAA BbPXY peanHu M3mMepBaHUA Ha
eNemMeHTV. B cBOATa CbBKYMHOCT Tesn pe3ynTat GOpmMMpaT nocnefoBaTesiHa OCHOBa 3a
NONOMUTE/IHA OLLEHKa Ha ANCEPTALMOHHUA TPYA,

Bwnpeku ToBa popmynnposknTe Ha npuHocuTe 6uxa Morm fa 6bAaT No-npeLmsHm 1
no-Aobpe 060CHOBaHM. HAKOM OT TAX OMMCBAT NPEAMMHO W3BbPLLEHU AEMHOCTM, BMECTO
MOCTUrHATUTE PE3YNTaTU M TAXHOTO 3HayeHue. MpuHocuTe, CBBLP3aHM C AUTEpaTypHUA 0630p,
buxa 6unm no-ybeauTenHu, ako ACHO Ce NOCOYAT OTAUYUTENHUTE eNEeMEHTH Ha aBTOPCKOTO
obobleHne u Bpb3Kata UM C NyBAKMKYBaHWMA 0630p. [JOMbAHUTENHOTO nybaukyBaHe Ha
acnekTu, KOMTO He ca obxBaHaTW OT NpeACTaBeHUTE TPYAOBe, 61U 3aCUANA0 OBOCHOBKATa Ha
Te3n NpeTeHUMmn. Kem npeacTaBAHETO Ha NPUMHOCKTE ce Bpblam B pasaen 10.

6. OueHKa Ha IMYHOTO yyacTue Ha AOKTOPaHTa

MNpeacTaBeHWTe mMaTepuann AaBaT AOCTaTbYHA OCHOBA 3a NPU3HaBaHE Ha NMYHMS
NPMHOC Ha AOKTOpaHTa B u3cneaBaHuATa. OCoBEHO 3HaYeHUMe MMa CamMOoCTOATeNHaTa
nybankauma ot 2022 r., nocBeTeHa Ha AedUHMLMUTE 33 BPEMe Ha aKTUBaLLMA, KOATO e NnpsKo -
CBbp3aHa C OCHOBHaTa Tema Ha rnasa 8. [lporpamHaTa peasimsaums n HeMHOTO NPUNOKeHUe
CbLi0 Ca npeAcCTaBeHW B AOCTaTbYyHa NOAPOGHOCT, 3a A3 MOKaXaT JIMYHOTO y4yacTUe Ha
[OKTOpaHTa B paboTaTa.

OcraHanute ny6avkauMm ca B CbaBTOPCTBO. [lpMemam M KaTo uyacT oOT
Hay4yHou3CnenoBaTeNIcCKaTa  AEWHOCT Ha  [OKTOpaHTa, KaTo npenopbyBam  Mo-ACHO
NPeACTaBAHe Ha MHAMBMAYANHATa My PONA B CbBMECTHUTE M3cnenBaHua. Tosa 61 ynecHuno
OLeHKaTa Ha Bpb3KaTa mexay nybavkaumnte, auceprauuaTa U 3anBeHUTE NPUHOCH.

7. MNpeueHka Ha ny6anKauumTe NO AUCEPTALUOHHUA TPYA,

BbB Bpb3Ka C AMcepTaLMOHHWMA TPpya ca npeacTaBeHW ner nybauvKaumm: yetupu
Aoknasa B CEOPHMLM OT KOHDEPEHLIMU U eiHA CTATUA B CTUCAHME, BCUYKM Ha aHIIUICKM e3UK.
EaHa ot nybaukauunte e camoctostenHa. TpygoseTe pasrnexaat o063op Ha ESD sawmTuTe,
TONMHHO MoAeNMpaHe Ha AWOA, AeduHNUMK 3a Bpeme Ha akTuBauma, SCR CTPYKTypa cbCe
3afeiicTBaHe Ypes BepTUKaneH amon u TCAD ONTUMU3aLMA Ha cermeHTUpaHu SCR cTpyKTypu.

B asTopedepara e nocouero, ye nybankaummTe ca nHaeKcMpaHu B Scopus u/wam Web
of Science. Bb3s ocHoBa Ha Tasu uHdopmaLMa B TabauLia 1 e NPUNOKEHO U3UMCAABaHE MO 40/n
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TOYKM NpU PaBHU AANOBE Ha CbaBTOPUTE CLINIACHO NOKasaTten 7 oT rpyna I Ha MUHMMaAHUTe
HaLMOHANHN M3UCKBAHWA 3a 061acT , TeXHUYECKM HAaYKM“, KbAETO n e BPoAT Ha aBTopuTe.
NonyyeHnAT cbop ot 77,74 TOUYKM HaABMLIABA HALLMOHANHUA MUHUMYM OT 30 TOYKU 3a'Ta3n
rpyna 3a obpasoBsaTesniHaTa v Hay4Ha cTeneH ,,JOKTop™.

Tabauuya 1. My6aukauum, npeacTaseHn BbE BPb3Ka C AUCEPTALUOHHUA TPYA

bpoi Touku

Ny6aukayus aBTopu n 40/n

G. Angelov, B. Dobrichkov and J. J. Liou, “An Overview of On-Chip ESD Protection ‘
in Modern Deep Sub-Micron CMOS Technology,” ET, 2018. DOI: 3 13,33
10.1109/ET.2018.8549617.

G. Angelov, B. Dobrichkov and J. J. Liou, “Thermal Analysis of ESD Diode in FDSOI
Technology using COMSOL Multiphysics,” ET, 2019. DOI: 3 13,33
10.1109/ET.2019.8878662.

B. Dobrichkov, “Investigation of ESD Devices Turn-On Time Definitions,” ISSE,

1 0,00
2022. DOI: 10.1109/1SSE54558.2022.9812810. 40,

Z. Zhu et al. (c yqactueto Ha B. Dobrichkov), “A vertical diode-triggered silicon-

controlled rectifier with adjustable holding voltage for ESD protection,” 13 308

Microelectronics Reliability, vol. 167, 115631, 2025. DOI:
10.1016/j.microrel.2025.115631.

T. Zhang, Q. Cui, B. Dobrichkoy, D. Nikolov and V. Garistov, “3D TCAD
Optimization of Segmented SCRs for High-Voltage ESD Protection,” EDSSC, 2025, 5 8,00
pp. 505-508. DOI: 10.1109/EDSSC64492.2025.11183471. |

0610 TOUKM (HauMoHaNeH MUHUMYM 3a rpyna [: 30) 77,74

O6uwmaT c6op e usuncneH npeam 3akpbraaBaHeTo. MHGopmaLmATa 3a MHAEKCUPAHETO e cnopeg npeacraseHus
asTopedepart; 3a CbaBTOPCKUTE NY6AUKaLMM Ca M3NON3BAHU PaBHU AA/0BE.

OcHoBaHue 3a usyncassaHe Ha TOYKUTE: npaBMIIHVIK 3ad NpunaraHe Ha 3aKoHa 3a Pa3BUTUETO Ha aKadeMUYHUA
cbeTas B Penybauka Bbarapus, npunoxenue, o6nact , TexHUYeCKN HayKu®, Tabnuum 1 u 2 (nokasaten 7).
CmATam nybaukauumute 3a AOCTaTbYHM MO 6POIt M HaydHO CbAbPMKaHUE, 3a 4a
NOAKPENAT NONOXWTeNHaTa oueHKa. Mybaukaumata oT 2022 r. MMa Hall-NpAKa BPb3Ka C
OCHOBHaTa paspaboTka B AucepTaumaTa, a 0630pbT oT 2018 T. noakpena o6obuLiaBaHeTo Ha
/MTepaTypHUA matepuan. Tpygosete No TOMAMHHO MOAENMpaHe WM npoekTupaHe Ha SCR
CTPYKTYpW Ca CBbP3aHM C NO-LIMPOKaTa TeMa, HO Pe3yNTaTUTe UM U PONATA Ha LOKTOPaHTa B
TAX OMxa MOrM fa 6bAaT BKAKYEHW NO-ACHO B ANCEPTALMOHHOTO M3N0XKeHUe. Tosa 6u
M3ACHWNO N BPb3KaTa MeXJy NPOEKTUPAHETO, NOCOYEHO B 3araBUETO, U U3CAeABaHMUATA,
Haco4YeHn NPeANMHO KbM ONpeAENiHE Ha XapaKTePUCTUKUTE Ha 3alLUTHUTE eNeMEHTH.

8. U3anonssaHe Ha pesyntature B Hay4HaTa U MHXeHepHaTa NPaKTUKa

PaspaboTeHMAT codTyep e NoKasan npakTU4ecKaTa cv CTOMHOCT ypes npunaraHeTo my
KbM peasiin AaHHu ot VFTLP namepsaHua. ABTOMaTM3NPaHOTO M3BAMYAHE HA napamerpy,
CPaBHEHWETO Ha pPas/IMYyHM AePUHUUMM WM OTKPUBAHETO HAa 3anucCK, MOBAWSAHM OT
HaNpexuTeneH nNWK WuauM camosarpAaBaHe, MoOraT Aa MOAMNOMOTHaT MUHMKEHepuTe npu
WHTEPNPETALNATE Ha U3MePEHUTE NPEXOAHM NPOLECH U OLEHKATa Ha 3alLUTHUTE e/IeMEHTH.
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CynTam TE3M pesynTaT 3a NONE3HU NPW U3CNEABAHETO Ha XapaKTepUCTUKWTE u
paspaborBaHeTo Ha ESD 3auwuT. [eHepupaHeTo Ha CTPYKTypUpaHM WM3XOAHW ' daiinose,
rpaduKK M AMArHOCTUYHM 3aMUCK CbLLO MOAMNOMAra W3NON3BaHETO UM MPU MHOTOKPATHM
aHannsu. [10-WMPOKOTO npunokeHne 6M ce ynecHUNO OT AOCTbMHA AOKYMeHTaLWsA Ha
codTyepa 1 NpeAcTaBUTENHU AaHHM, KaKTO e NnpenopbyaHo B pasgen 10.

9. OueHKa Ha aBTOopedepara

ABTopedepaTsT B obem OT 32 cTpaHMUM OTpasABa afeKBaTHO Temata, LenwuTe,
OCHOBHUTE MeTOAM U W3BOAWTE Ha AucepTaumAaTa. B Hero ca Bb3npousBedeHW ocemTe
3aABEHM NMPUHOCA M CMUCHKBLT Ha NeTTe CBbP3aHK Ny6AMKaLMU U e BKAOYEHO pestome Ha
aHrMICKM e3uK. OueHABam aBTopedepaTa NONIOKMTENHO KaTo 06061LeHMe Ha NpeACTaBeHUs

TPYA.

CouieBpemeHHO TOM Bb3npousBexaa aAucbanaHca B AMCepTaLMATa: 3HAYUTENHO
MACTO € OTAEeNEeHO Ha TeopeTUyHaTa OCHOBA, [OKATO NOAPOBHOTO npeacTaBAHe Ha
cobCTBEHUTE PE3yNTaTV Ha aBTOPA € CPABHUTENHO KPaTKO. Mo-CeNeKTUBHOTO pasmexaaHe Ha
OCHOBHWTE MOHATUA 6K NO3BOAMNO fa Ce OTAENM MOBEYE BHUMaHWME Ha anropuUTMMTE,
NpeacTaBUTENHNTE PE3YNTATU OT PasNINYHUTE TEXHONOTMU U CPaBHEHMETO CbC CKPUNTa Ha
HPPI.

10. MHeHus, npenopbku U 6enexku

Obwata M1 OueHKa 3a AWUCEPTALMOHHUA TPYA € NONONKWTENHA, HO UMaM pe3epBy
OTHOCHO HerosaTa OpraHM3auMAa W ACHOTaTa, C KOATO Ca MNPEeACTaBEHW aBTOPCKUTE
NoCTMXKeHUA. CmATam cneaBalimTe 6GeneXkKM 3a OTHOCMMM KbM  KayecTBOTO Ha
ANCEPTALMOHHMA TPyA. Te He NPOMEHAT MONOMWTENHATa MU OLEHKa 3a CbliMHCKaTa
nscnepoBsaTesicka paboTa.

(a) Crpyktypa M cboTHOweHue mexpgy uacTUTe. HamuMpam U3NOMKEHWETO B
AVcepTaumaTa 3a HeHy»KHo pasapobeHo. Masu oT 2 A0 7 3aemar 77 CTPaHULM U CbabpKaT
npesrmHo 0630peH maTepuas, OKaTO OCHOBHOTO U3CNeABaHe e ChCPeoTOYeHO B raBa 8.
ToBa 3aTpyAHsABa pasrpaHMyaBaHETO Ha AMTEPaTypHMA 0630p OT aBTOPCKMUA MPUHOC W
npocneaABaHeTo Ha JiorMKaTa OT uM3cnegosaTenckma npobnem pno pesyntature. Bux
npeAnoYen No-KOMNaKkTHa opraHW3auma, Hanpumep eanHHa rnasa 3a MTepaTypHUs 0630p,
nocneapaHa oOT TpuM ACHO obocobeHM rnaBM 3a MeToAMKaTa, peanusaumaTa U
eKcnepumeHTanHaTa oueHKa: CbLEeCTBEHOTO € Te3n eNeMeHTU Aa 6baaT ACHO pasrpaHUYeHU
N NOTUYECKU CBbP3aHMU.

(6) ®opmynupaHe Ha npuHOCcMTE M Bpb3Ka ¢ nyb6aMKauuuTe. Npremam 1 ocemTe
NPUHOCA, HO cerawHUTE UM GOPMY/TIMPOBKU HE MPeACTaBAT No Hal-ybeauTenHWUs HauuH
nocTurHaTtoTo B Tpyaa. Beaka dopmynmposka cnefBa Aa nocoysa pesyntaTa, HEroBOTO
3HayeHue u pasgena wam nybanKaumaTa, KOUTO ro MOAKPENAT. 3a NPUHOCUTE, CBbP3aHU C
2MTepaTypHuA 0630p, creaBa Aa ce OBACHM OTAMYMTENHATa CTOWHOCT Ha OBOBLLEHMETO,
BKNOYNTENHO Bpb3KaTa My C nybavkysaHua o63op. OTaenHO o3HayaBaHe Ha aBTOPCKUTE
nybavkauum, Hanpumep [A1]-[A5], 1 M3PMUYHOTO UM CbOTHACAHE KbM 3afBEHWUTE NPUHOCK
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6uxa nogobpunmn acHotata. Mo-nNpsKo CneaBa Aa ce MocouYM M HaArpasK4aHeTo. ChpPsmo
nybnukaumaTa ot 2022 r. 3a BpEMeTO Ha aKTUBaLLMA.

(B) NpeacraBaHe M AoCTbNHOCT Ha codryepa. MPUNOKEHUATa C NPOrpamen: Koa,
3aemar 23 cTpaHuuu. BKaouBaHeTO MM faBa noApobHOCTM 3a peanusaumaTa, HO
NPaKTUYeCKOTO M3nonsBaHe Ha codTyepa OT Apyrn notpebutenn 6m 6uno no-gobpe
NOANOMOrHaTo Ypes AOKYMEHTUPAHO XPaHU/ULLE C KOHTPON Ha BepCUMUTe, Hanpumep B
GitHub, ¢ aicHo o603HaueHa Bepcua, CbOTBETCTBALLA Ha AUcepTaumaTa. KoabT chessa Aa 6bae
NPUAPYXKEH OT UHCTPYKUUM 3@ MHCTANMPAHE U NPEACTaBUTENHWU BXOAHM U U3XOAHWU AaHHM.
Taka B camaTa guceptaums 61U Moroa Aa ce NocTaBu NO-CUNEH aKLEHT BbPXY anroputMuTe,
peleHnATa NpU peannsaumnaTa U NpoBepKaTa Ha pesynTaTuTe.

(r) TexHuuecka v peaaKLMOHHa NpeLUsHOCT. MaTemaTU4YecKUTe ONUcaHKUA cneaBa Aa
6bAaT cbnocTaBeHW € NporpamHaTta peasusaumns. Hanpumep nocokata Ha HepaBeHCTBOTO B
n3pas (26) Ha cTp. 99 ce pasnnyaBa OT M3NOA3BaHATa B KOAA 3a OTKPUBAHE Ha HanpeXuTeneH
NUK Ha cTp. 133. ToBa HecbOTBETCTBME CcnedBa Aa ObAe OTCTPAHEHO, Taka Ye YATaTenaT Aa
MOXe eJHO3Ha4YHO Aa Bb3Npou3Beae npeasuaeHaTa npoueaypa. bubnaunorpaduara cobuio ce
Hy)Xflae OT peAaKUMOHHa NpPOBepKa, BKAOUYMTENHO OTCTpaHABaHe Ha MOBTapAlWuTe ce
nosuumu. Tesm Kopekumm buxa NnofobpPUIN NPELMIHOCTTA M YETUBHOCTTA Ha TPYAA.

11. 3aknoueHue

AvcepTaumoHHuaT TpyA ,M3cneasaHe n NpoeKTUpPaHe Ha 3aLMTH OT eNeKTPOCTaTUYEeH
paspag 8a CMOS uHTerpanHu cxemn” Ha mar. MHX. bopuc JaHannos Jo6pUUKOB CbabpiKa
Hay4HONPUNOXKHMN U NPUNOXKHWN PE3YNTATH, KOUTO CYMTaM 3a JOCTaTbYHM 33 NpMA06MBaHE Ha
obpasosaTenHaTa v Hay4YHa cTeneH , 40KTop". TPYALT NOKa3Ba No3HaBaHe Ha Hay4YHaTa o6nacT
W cnocobHOCT 3a peanusuMpaHe M MpunaraHe Ha METOAM 3a aHanW3 Ha ESD 3alwmTHM
eNemMeHTU. M3paseHuTe B HacToAllaTa pPeLeH3WA pe3epBM Ce OTHACAT NPeAUMHO A0
opraHusaumsaTa, 06ocHOBKaTa 1 NPeACTaBAHETO Ha paboTaTa 1 He HaAdenABaT Haj HelHuTe
CbAbpKaTENHN AOCTOMHCTBA.

B KauyecTBOTO €U Ha peueH3eHT AaBaM MONOXKWUTENHA OLEHKa W NpenopbyBaM Ha
HAy4YHOTO XYpW, cnea yaoBaeTBOpuTeIHa NyBANYHa 3aLLMTa, A3 NPUCHAM Ha Mar. UHXK. Bopuc
HAanannos [lobpuykos obpasosaTesHaTa M HayyHa CTENEH ,A0KTOpP“ B NpodecMoHanHo
HanpasneHne 5.2 ,ENeKTPOTEXHWMKA, ENEKTPOHWKA M aBTOMATMKAa“, [OKTOpCKa nporpama
»MUKpOeneKkTpoHnKa“.

Aou. A-p AHren CTaHMmupos MapuHos
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Review

of a dissertation submitted for the educational and scientific degree of Doctor

Author of the PhD thesis: M.Sc. Eng. Boris Danailov Dobrichkov

PhD thesis topic: Investigation and Design of Electrostatic Discharge Protection for CMOS
Integrated Circuits

Reviewer: Assoc. Prof. Angel Stanimirov Marinov, PhD

1. Relevance of the problems addressed in the dissertation

The dissertation addresses electrostatic discharge (ESD) protection in CMOS integrated
circuits, with particular attention to the characterisation of the transient response of
protection devices. Effective protection requires a device to turn on rapidly enough to limit
the voltage applied to the protected circuitry. The interpretation of this turn-on behaviour is
therefore directly relevant to the reliability of integrated circuits and to the assessment of
their protection structures.

The practical problem examined by the candidate is well chosen. Different definitions
of turn-on time can produce different numerical results for the same measured waveform,
while overshoot and self-heating can complicate their interpretation. A consistent approach
to extracting and comparing these parameters is useful in engineering practice. | consider the
topic relevant and the work on automated analysis to be a worthwhile direction for doctoral
research.

2. Understanding of the state of the problem and interpretation of the literature

The author demonstrates good knowledge of the physical mechanisms of electrostatic
charging and discharge, the associated damage mechanisms, the principal test models, and
the operation of protection devices. The dissertation discusses both the physical background
and the engineering approaches used to protect CMOS circuits. The comparison of established
turn-on-time definitions provides a relevant foundation for the subsequent analysis.

The bibliography contains 69 numbered entries, including scientific publications,
books and technical sources. The breadth of the material shows familiarity with the subject.
However, a considerable part of the exposition is descriptive and instructional. The author’s
interpretation of the literature would be more convincing if it led more directly to a clearly
formulated research gap and to the specific tasks addressed by the original work.

| assess the candidate’s knowledge of the subject positively. My reservations concern
mainly the selection, organisation and synthesis of the material, which | discuss in Section 10.



e

75-HC1-076

3. Correspondence of the research methodology with the goal and tasks

| find the chosen methodology appropriate to the main task of analysing the turn-on
behaviour of ESD protection devices. The work combines a comparison of published
definitions, software implementation of three extraction methods, analysis of very-fast
transmission-line-pulse (VFTLP) measurements, and comparison with an HPPI analysis script.

The inclusion of procedures for detecting the pulse boundaries, voltage overshoot and
self-heating is useful because these features affect whether an extracted value can be
meaningfully interpreted. Applying the methods to measured diode and silicon-controlled
rectifier (SCR) waveforms allows the author to demonstrate their behaviour under different
conditions. More explicit reporting of the measurement conditions and the basis for selecting
the filtering thresholds would further strengthen the reproducibility of the study.

4. Nature and reliability of the material underlying the contributions

The dissertation comprises 152 pages, organised into eight chapters, conclusions, a
statement of contributions, source-code appendices, a publication list and references. It
includes 71 figures and eight tables. Chapters 2 to 7 largely develop the theoretical and
technical background, while Chapter 8 contains the main analysis of turn-on time, the
software implementation and the experimental results.

The principal evidence consists of measured VFTLP waveforms from diode and SCR
structures in technologies identified in the dissertation as 12 nm, 180 nm and 350 nm. The
analysis usefully demonstrates both the application and the limitations of automatic
extraction.

The comparison with the supplied HPPI script provides an additional check on the
implementation. For example, Table 6 reports 396 ps for the candidate’s implementation of
Method 2 and 403 ps for the HPPI mean-based result. This supports consistency for the
illustrated case. | regard the experimental material as a sufficient basis for the main applied
conclusions, while recognising that a fuller account of repeatability and measurement
uncertainty would strengthen the quantitative assessment.

5. Scientific and scientifically applied contributions of the dissertation

The candidate presents eight contributions. They cover the synthesis of the ESD
background, models and protection concepts; the comparison of turn-on-time methods; the
development of software and detection algorithms; experimental investigation of protection
devices; and comparison with the HPPI script. | accept the contributions presented by the
candidate.

In my assessment, the most substantial results are of a scientifically applied and
applied nature. These are the automated implementation and comparison of established
extraction methods, the checks intended to identify unsuitable measurement records, and the
demonstration of the approach on real device measurements. Together, these results form a
coherent basis for a positive assessment of the dissertation.
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Nevertheless, the contribution statements could be more precise and better
substantiated. Several primarily describe activities undertaken rather than the tesults
achieved and their significance. The literature-related contributions would be  miore
convincing if the distinctive elements of the author’s synthesis and their relationship tothe
published overview were explicitly identified. Further publication of aspects not covered by
the submitted papers would strengthen these claims. | return to the presentation of the
contributions in Section 10.

6. Evaluation of the candidate’s personal contribution

The submitted materials provide a sufficient basis for recognising the candidate’s
personal contribution to the research. Of particular relevance is the sole-authored 2022 paper
on turn-on-time definitions, which is directly connected with the central subject of Chapter 8.
The dissertation also presents the implementation and its application in sufficient detail to
demonstrate the candidate’s engagement with the work.

The remaining publications are co-authored. | accept them as part of the candidate’s
research activity, while recommending a clearer account of his individual role in the joint
studies. This would make the connection between the publications, the dissertation and the
claimed contributions easier to assess.

7. Evaluation of the publications related to the dissertation

Five publications are submitted in connection with the dissertation: four conference
papers and one journal article, all in English. One paper is sole-authored. The publications
cover an overview of ESD protection, thermal modelling of a diode, turn-on-time definitions,
a vertical diode-triggered SCR, and the TCAD optimisation of segmented SCR structures.

The abstract reports that the publications are indexed in Scopus and/or Web of

Science. On the basis of that information, Table 1 applies the equal-share calculation of 40/n
points under indicator 7 of group G in the national requirements for Technical Sciences, where
nis the number of authors. The resulting total of 77.74 points exceeds the national minimum
of 30 points for this group for the degree of Doctor.

Table 1. Publications submitted in connection with the dissertation

Number of Points

Paper authors n 40/n

G. Angelov, B. Dobrichkov and J. J. Liou, “An Overview of On-Chip ESD Protection
in Modern Deep Sub-Micron CMOS Technology,” ET, 2018. DOI: 3 ‘ 13.33
10. 1109/ET 2018.8549617. '

G. Angelov, B. Dobrichkov and J. J. Liou, “Thermal AnaIySls of ESD Diode in FDSOI
Technology using COMSOL Multiphysics,” ET, 2019. DOI: 3 13.33
10 1109/ET 2019. 8878662

B. Dobrichkov, ”Inveshgat]on of ESD Dewces Turn-On Time Definitions,” ISSE,

\
2022. DOI: 10.1109/1SSE54558.2022.9812810. . A0.00
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Pa er Number Of Points
d authors n 40/n
Z. Zhu et al. (including B. Dobrichkov), “A vertical diode-triggered silicon-
controlled rectifier with adjustable holding voltage for ESD protection,” - o

Microelectronics Reliability, vol. 167, 115631, 2025. DOI:
10.1016/j.microrel.2025.115631.

T. Zhang, Q. Cui, B. Dobrichkov, D. Nikolov and V., Garistov, “3D TCAD
Optimization of Segmented SCRs for High-Voltage ESD Protection,” EDSSC, 2025, 5 8.00

pp. 505-508. DOI: 10.1109/EDSSC64492.2025.11183471. |

Total points (national minimum for group G: 30) l 77.74

The total is calculated before rounding. Indexing information follows the submitted abstract; equal shares are
used for co-authored papers.

Scoring basis: Regulations for the Implementation of the Development of Academic Staff in the Republic of
Bulgaria Act, Annex, Technical Sciences, Tables 1 and 2 (indicator 7).

I consider the publications sufficient in number and scientific content to support the
positive assessment. The 2022 paper has the clearest connection with the main work in the
dissertation, while the 2018 overview supports the literature synthesis. The thermal-
modelling and SCR-design papers are relevant to the broader topic, but their results and the
candidate’s role in them could have been integrated more explicitly into the dissertation. This
would also make the relationship between the design aspect of the title and the
predominantly characterisation-oriented research clearer.

8. Utilisation of the results in scientific and engineering practice

The developed software has demonstrated practical value through its application to
real VFTLP measurement data. Automated extraction, the comparison of different definitions
and the identification of records affected by overshoot or self-heating can assist engineers in
interpreting transient measurements and assessing protection devices.

| regard these results as useful for the characterisation and development of ESD
protection. The provision of structured output files, plots and logs also supports their use in
repeated analyses. Wider use would be facilitated by accessible software documentation and
representative data, as recommended in Section 10.

9. Evaluation of the dissertation abstract

The 32-page abstract adequately reflects the subject, objectives, principal methods
and conclusions of the dissertation. It reproduces the eight claimed contributions and the list
of five related publications, and includes an English summary. | assess the abstract positively
as a summary of the submitted work.

At the same time, it reproduces the imbalance of the dissertation: substantial space is
devoted to the background, while the detailed presentation of the author’s own results is
relatively brief. A more selective treatment of the fundamentals would allow greater attention
to the algorithms, representative results from the different technologies and the comparison
with the HPPI script.
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10. Opinions, recommendations and notes

My overall assessment of the dissertation is positive, but | have reservations about its
organisation and the clarity with which the author’s achievements are presented. | consider
the following comments relevant to the quality of the dissertation. They do not change my
positive assessment of the substantive work.

(a) Structure and balance. | find the dissertation unnecessarily fragmented. Chapters
2 to 7 occupy 77 pages and consist largely of background material, whereas the central
research is concentrated in Chapter 8. This makes it difficult to distinguish the literature review
from the author’s contribution and to follow the progression from the research problem to
the results. | would have preferred a more compact organisation, for example a consolidated
literature-review chapter followed by three clearly focused chapters on methodology,
implementation and experimental evaluation. The essential issue is the clear separation and
logical connection of these elements.

(b) Formulation of the contributions and connection with the publications. | accept
all eight contributions, but their present wording does not make the strongest possible case
for the work. Each statement should identify the result, its significance and the supporting
section or publication. For the literature-related contributions, the distinctive value of the
synthesis should be explained, including its connection with the published overview. A
separate notation for the candidate’s publications, such as [A1]-[A5], and an explicit mapping
to the contribution statements would improve clarity. The extension of the work beyond the
2022 turn-on-time paper should also be stated more directly.

(c) Presentation and availability of the software. The source-code appendices occupy
23 pages. Their inclusion provides implementation detail, but practical reuse would be better
supported by a documented, version-controlled repository, for example on GitHub, with a
clearly identified release corresponding to the dissertation. Installation instructions and -
representative input and output data should accompany the code. The dissertation itself could
then place greater emphasis on the algorithms, implementation decisions and validation.

(d) Technical and editorial precision. The mathematical descriptions should be
checked against the implementation. For example, the direction of the inequality in equation
(26) on page 99 differs from that used in the overshoot-detection code on page 133. This
should be reconciled so that the reader can reproduce the intended procedure without
ambiguity. The references also require an editorial check, including the removal of duplicate
entries. These corrections would improve the precision and readability of the work.

11. Conclusion

The dissertation “Investigation and Design of Electrostatic Discharge Protection for
CMOS Integrated Circuits” by M.Sc. Eng. Boris Danailov Dobrichkov contains scientifically
applied and applied results which | consider sufficient for the educational and scientific degree
of Doctor. It demonstrates knowledge of the field and the ability to implement and apply
methods for the analysis of ESD protection devices. The reservations expressed in this review
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concern primarily the organisation, substantiation and presentation of the work and 'do not
outweigh its substantive merits.

As reviewer, | give a positive assessment and recommend that, following a satisfactory
public defence, the scientific jury award M.Sc. Eng. Boris Danailov Dobrichkov the educational
and scientific degree of Doctor in professional field 5.2 Electrical Engineering, Electronics and
Automation, doctoral programme Microelectronics.

Reviewer: .......... //M—/

Assoc. Prof. Angel Stanimirov Marinov, PhD
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