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"PENEH3USA

BBPXY JUCEPTALMOHEH TPYA
3a mpumoOMBaHe Ha 00pa3oBaTeNHa U HaydHa CTEIEH ,,JOKTOp
B 00J1aCT Ha BHCIIE 00pa3oBaHue ,, T €XHUIECKH HAYKH

Ipogecuonanno nanpasnenue: 5.2 ,,ENeKTpOTEXHUKA, €TEKTPOHUKA M aBTOMATHKA™
Asmop na oucepmayuonnus mpyo: mar. uHx. Anexcanawp Iletkos Panes

Tema na oucepmayuonnus mpyo: VI3cienpaHe U pasBUTHE HA METOAM M MOAXOIH
3a mpoextupane Ha CMOS WHTErpaJHH CXEMH, PEATM3UPaHM IO IbIOOKH
CyOMHUKPOHHH TEXHOJIOT'HU

Hayuna cneyuannocm: ,Teopus Ha €NEKTPOHHUTE BEPUIH H €JICKTPOHHA
CXEMOTEXHHKA”’

Peyenzenm: npod. n-p mrx. Emmcasera JumutpoBa I'ajkeBa, TexHuuecku
Yuausepcuret — Codus

1. AKTyaaHOCT HA pa3paGoTBaHMs B AHCEPTANUOHHMSA TPYA HpobieM B
HAYYHO U HAYYHO-NPUJIOKHO OTHOIIeHUe. CTeneH M HUBA HA aKTYaJTHOCTTA HA
npobJieMa U KOHKPETHHTE 3a/1a4M, pa3padoTeHu B JUcepTauuaTa

IIpu mnpoektupanero Ha CMOS aHagOroBM MHTETPATHH CXEMH B
CYOMUKPOHHM M ABIOOKO CYOMHMKPOHHM IIPOLIECH OT CBIIECTBEHO 3HAUYCHHE €
U300pPBT HAa METOAOJIOTHS 3a ITbPBOHAUATHO NPOEKTHPAHE, KOATO a OCHUTYypsBa
BHCOKa TOYHOCT M €(EeKTHBHOCT IIPH Opa3MeEpsBaHE Ha TPaH3UCTOPUTE BBHB
BepuraTa, OnpeelsaHe Ha Bpb3KaTa MeXIy pasMepHTe Ha TPaH3UCTOpa, paboTHATA
TOYKA U IIapaMETPHUTE Ha BEpUTaTa.

C mosBara Ha ApI60KHTE CyOMUKpOHHN CMOS TeXHOJIOTHH, IPOCKTAHTHTE Ha
aHAJIOTOBH CXEMH Ce COBbCKBAT C MHOTO HOBU IIPEIU3BHUKATEICTBA HA Pa3IMYHHU
€Tany OT IPOEKTUPAHETO, KaTO HUCKYU CTOMHOCTU HA 3aXPaHBAalUTE U IParoBUTE
HaIPE)KCHUSI, IO-BHCOKA CTOMHOCTM Ha YTEUKUTe, IIO-TOJIAIM pasdpoc Ha
HapaMEeTPUTE Ha €JIEMEHTH C €JTHAKBA FeOMETpUs, €(PEKTH Ha KbCHs KaHaJ, BIUIHUE
Ha JPEHHOBOTO HAIIPEKEHUE BHPXY IIParoBOTO HaNpexeHue u aAp. Paspaborkara Ha
HOXO/ISIIN METOAM C BUCOKA TOYHOCT 3a TbPBOHAYAIIHO IPOEKTUPAHE € B OCHOBATa
Ha ycIlelHaTa ¥ Obp3a pealn3alys Ha CXeMaTa.

Ha Gazara Ha aHauu3UpaHUTE TEHACHLHUM B PAa3sBUTHETO HA METOIUTE 3a
MpoeKTupaHe ca AehUHUPAHU 1IeNTa U 33Ja4nTe Ha JUCEPTALUOHHNS TPY/I.

Ilen ma HacToAIMsA AMCEPTAIMOHEH TPyX € JAa ce IpoydaT, M3ClenBar,
AHAJIM3UPAT U YCHBBPIICHCTBAT OCHOBHUTE METOJIU M MOAXOJY 3a ITbPBOHAYAIHO
OPOEKTUPAHE U Opa3MepsBaHe (AHATUTHYHO U3YKCISIBAHE) HA aHAJIOIOBU
WHTETPAIHN CXEMH, pean3upand Ha 0azaTa Ha ObI00ku cyOMukpoHHH CMOS
TEXHOJIOTUYHM TpoIecH. 3a TMOCTHraHe Ha II0CTaBeHara Iell aBTOPBT €
dopmyupan 3aga4un, CBbpP3aHH C:
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o H3cnenBane Ha Bb3MOXXHOCTHUTE HA KIIACHYECKHUTE MOIXOIM 3a np\Qe‘KWpaHe : \,f
opasmepsBane Ha CMOS aHAIOTOBM MHTETPAlTHH CXEMH C Tpak fﬁ?_@/
peaIM3UpaHy B MUKPOHHHU B CYyOMHUKPOHHH TEXHOJIOTHH, KAKTO U M3SICHSABAHE Ha
HENOCTATBIUTE HA TE3U MOAXOU IIPU peaau3upane B IbJIO0KU U CBPBXABIO0OKH
CYOMHUKPOHHH TE€XHOJIOTUH;

» IIpoyuBaHe W aHanMM3 Ha U3BECTHUTE MOAXOAU 3a NMPOCKTHUPAHE HA aHAJIOTOBU
CXEMH B IBbJIOOKH CYOMUKPOHHU TEXHOJIOTUH U JehUHHpPAHEe Ha M3UCKBAaHUATA
KbM TpPaH3UCTOPHUTE MOJEIH I[P OCHIIECTBABAHE HA aHAJUTUYHUTE
U3YUCIICHNUS,

» Amnanu3 Ha Hali-pa3npocTpaHeHuTe Mojenu Ha MOS TpaH3UCTOpH U Ch3/laBaHE
Ha YCHBBPIICHCTBAHU MPOIEAYPH 3a ONpPEACISTHE HA MOJCITHHUTE IMapaMeTpH,
HEOOXOQMMH 32 U3BBPIIBAHE HA aHAIUTUYHUTE U3UUCIICHU;

» PaspaGoTBaHe Ha METOAMKH 3a TPOCKTHPAHE HA THITMIHH CXEMH 338 OCUTYpPSBaHE
IIOCTOSSHHOTOKOBHS PEXHM, KaKTO U 33 MMPOEKTUpaHe HAa YCUIBATEIHU CThIIANA,
Ha 6a3aTa Ha yCHBBPIICHCTBaHH MOIXOTHM 3a MPOCKTHpaHE C HAaHOPa3MEPHU
TpaH3UCTOpHU. VI3BBpIIBaHE Ha OLIEHKAa M CpaBHEHHE Ha e(EeKTHBHOCTTA Ha
IIOJAXOUTE Ype3 KOMIIOThPHA CUMYJIAITH.

o OOoOmaBaHe Ha MOJYYCHWTE PE3YJNTATH W MpeajaraHe Ha TPENOPBKH MpH
IPOEKTUPAHE HA aHAJIOTOBU CXEMH 110 HAHOPA3MEPHH TEXHOJIOTHUH.

ToBa onpenens akTyaJlHOCTTa Ha U3CJIEABAHUS TPOOJIeM, LIeITa U 3aJa4UTe Ha

QVCEPTAlMOHHMS TPYZ KaKTO OT HAy4YHA, TaKa U OT MPUJIOKHA TJIeTHA TOYKA.

ABTOPBT Ha JUCEPTAMOHHUA TPYA € GOpMyNIHpal LeIH U 3aJauu, KOUTO ca

aJeKBaTHH M CBHOTBETCTBAT HA HW3HCKBAHUATA Ha JUCEPTAIlMOHEH TPYJ 34

npuaoOuBaHe Ha 00pa3oBaTeTHaTa M HAY4YHa CTEIeH ,,JlokTop". -

2.CteneHn Ha mNO3HABaHe CLCTOSIHMETO HAa Mpo06JeMa W TBOpPYECKa

HHTepIpeTalys HA JIUTEPATYPHUS MAaTEpPUAJ

Hucepranonnuar TpyAd € B obeM oT 172 cTpaHuMmu, KaTo BKIIOYBA
BBBEJCHUE W YETUPHU ITIaBH, CIUCHK Ha MPUHOCUTE, CIUCHK Ha IyOIUKAIIUUTE IO
JUcepTanuaTa U U3noi3BaHa mureparypa. Kem gucepraiusara € BKIIOUYEHO U €HO
npuioxxenue. llutupanu ca o6mo 84 nurepaTypHH U3TOYHHIIM, KaTO rojiiMa 4acT
OT TAX Ca OT NOCIEIHUTE AECET roguHU. [IeT OT TuTepaTypHUTE U3TOYHULIU Ca OT
Opnrapcku aBropu. LluTHpaHuTe MyOIuKaMy ca OT PEHOMHUPAHU MEXTyHAPOIHH
U31aTeNICcTBa, KOH(GEPEHIIUN U CITUCAHU.

B nuceprannonnus Tpya ca npocieieHH TEHACHIUUTE IPU IMPOCKTUPAHETO Ha
CBBPEMCHHHUTE aHAJIOTOBUM MHTETPAHM CXEMH M Ca pasryieJ]JaHd  HOBUTE
IpEeAU3BUKATEICTBA IPH IpWIarane Ha AbI0okuTe CcyOmMukpoHHH CMOS
TEXHOJIOTUH, C KOWTO IPOEKTAHTHTE C€ CONbCKBAT HAa PAa3IU4YHU €Tamu OT
NPOEKTUPAHETO B HaYaII0TO Ha OTACIHUTE TJIaBU C€ /1aBaT IaHHU 33 CbBPEMEHHOTO
CBCTOSIHHE Ha Pa3rIICKJaHUTE B TAX MPOOIEMH.
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ToBa My 1aBa OCHOBaHHE JJa CMATAM, Y€ JJOKTOPAHTHT Mar. HHX.
PajsieB m03HaBa JIETAWIHO CHBPEMEHHOTO CHCTOSHME Ha PEIIABAHUTE
YCIISUT € TBOPYECKH J]a MHTEPIIPETHPA U NIPUJIara JUTepaTypHHs MaTepuall, K
OCHOBA 3a YCIICIIHO pelIaBaHe Ha IIOCTABEHUTE 3aJa4n.

3. CproTBeTCTBHE HA M30paHaTa METOAMKA HA H3CJIeIBaHe ¢ OCTABEHATA
meJl M 3a1a4M HA JMCEePTANUOHHUA TPYA

M36panaTta MeToguKa Ha HM3CIEIBAHE € KIacCHMYeCKa B EICKTPOHUKAaTa H
MHUKPOEJIEKTPOHUKATa M TI03BOJIABA YCIEIIHO M Ka4deCTBEHO IIOCTHIaHEe Ha
[IOCTaBeHaTa L€l M 3aJaud. T BKIIOYBAa CPAaBHUTEIEH KPUTHYCH aHAlIU3 Ha
JIMTEPATYPHHs MaTepuall, TEOPETHYHA Pa3pabOTKa, U3CIEOBAHE, MOICIMPAHE U
INpPOEKTHpAaHE HA pasMIeXIaHUTe OOEKTH, ampoOupaHe M BaluaupaHe Ha
oJydeHUTe pe3yaTaru. CUMyIalMOHHUTE U3CICABAHMS CE IIPUIAraT 3a OLEHKA Ha
PE3YJITAaTUTE OT MPOEKTUPAHETO 110 NMPEMIOKEHNUTE B TUCEPTAIUATA IIPOLCAYPH.

4. KpaTka aHaJINTHYHA XapaKTEePHCTHKA HA €CTECTBOTO M OIIEHKAa Ha
AOCTOBEPHOCTTAa HA MaTepHaja, BLPXy KOHTO ce rpaidT NPHHOCHTE Ha
AUCEPTANMOHHUS TPYH

B aucepTanuoHHUsA TPYA € U3BbplIeHa Kiacudukanus Ha Moaenute Ha MOS
TPAH3UCTOPUTE U CE PA3MIICKIAT OCHOBHUTE YPABHEHHs HA KOMIIAKTHHUTE MOJEIIH,
OT KOHTO MPOM3XO0XJAT OIPOCTCHUTE MOMENHU, H3IOJI3BAHU IIPU aHAIUTUYHH
u3uncienns. Oco0eHo BHUMaHUE € 00bPHATO HA e(heKTUTE Ha KBCHs KaHall, KOUTO
ca XapaKTepHH 3a JBJIOOKUTE CYOMUKPOHHM TEXHOJOTMHM M KOMTO OKasBar
3HAYUTEIHO BIMSHHE BbPXY TOYHOCTTA Ha MIPIJIATAHUTE MOZEIIH.

WI3BBpIIeH € mperiies, 3a{bJI00UeH aHalln3 ¥ CUCTEMaTU3MPaHe Ha METOH 32
AHAIMTUYHO HM3YKC/IIBaHE HA aHAJOTOBH MHTETPaJHU CXEMH B HA4YalHUsA €Tall Ha
TAXHOTO MPOEKTUPAHE. Pasriexaar ce HOBH ChbBPEMEHHH ITOAXOAH 3a IPOSKTHPAHE
C M3IOJI3BaHE Ha TPW OCHOBHH MOJIENIa Ha TPAH3UCTOpUTE: Oa3MpaH Ha IIParoBOTO
HalpexeHue; 0asupaH Ha MHBEPCHHS 3aps] 1 0a3upaH Ha IPOEKTHPaHe 4pe3 gm/Ip
METOJMOJIOTHs.  VI3BBpINEHO € M CpaBHEHWE Ha pEe3yJNTaTUTE, IMOJy4YeHH IIpU
Ipuiaraie Ha TPUTE pasriieAaHu MOAX0/a 33 IPOCKTUPAHE.

PaspaboTeHu ca Hoaxoau 3a onpeaessiHe Ha TPAaH3UCTOPHUTE IapaMeTPH, KaTo
3a HAKOH OT TAX Ca IMPEICTaBEHH I10 ITOBEYE OT €IUH METO/] 33 U3BIMYAHETO UM.

3a BCEKM OT MpPEICTaBEHUTE METOAM 3a IPOEKTHpaHEe HIM METOAM 3a
M3BIMYAHE HA MTApaMeTPH ca M3THKHATH IPEIUMCTBA, HEAOCTAThIM, OTPaHMYCHHU
¥ BB3MOXKHY IIPUIOKEHHs. B IUCepTalMOHHUS TPYZ € M3BBPIICHO 3a1bI00YEHO
M3CIIEC[BaHE Ha IPWIOKEHHETO HA Te3W METOIY [IPH aHAIIU3 U IIPH IIPOEKTHPAHE Ha
AHAJIOTOBY MHTETPATHU CXEMH.

H3cnenpanu ca npoIeaypy 3a MPOEKTUPaHe Ha pa3IM4HU THUIIOBE aHAJIOTOBU
MHTErPAJHN CXEMH 4Ype3 TPUTE PasrieJaHd METOAa Ha MPOEKTHPAHE. 3a BCAKa OT
CXEMHUTE € M3BBPIICHO NMPOCKTHPaHEe Ha TEXHOJOrusA 45nm, a 3a OB OT CXEMHTE
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MOAXOJUTE 32 Opa3MepsIBaHe C MPUIATaHE Ha PA3TMYHHUTE MGTO)J;OJIOFI/II/I S
Ha O0azara Ha mpoBeleHHTE W3CIEABAHUSA, B JUCEPTAlMOHHUA TPyHA ca

dopMynupaHu NPEeNopBKU 3a IPOEKTHpAaHE HA AHAJOTOBM HMHTETPAHH CXEMU,

peanu3upaHu N0 CyOMUKPOHHH U ABJIO0KH CYOMHUKPOHHH TEXHOJIOTHU.

5. Hay4Ho - NPUJIOKHH U NPUJI0KHU MPHHOCH HA NCEPTANUOHHHSA TPYA
CuutaM, 4ye NMPUHOCUTE UMAT HAYYHO-IPUIIOKEH U MPHIOKEH XapakTep U
Ovxa MOIJIM Jja Cce ONpEAENAT KaTo Ch3[aBaHE Ha HOBU METOAM 3a M3CIICABAHE,
Knacuukanyuy, KOHCTPYKIMH, TEXHOJOTMHM M CXE€MH, KaKTO M INOJIy4aBaHe Ha
HOTBBPIUTEIHHU (PaKTH.
ITpuemam o puHOUI GOPMYIHPAHHUTE IPHHOCH OT KaHAU1aTa. Te Morar aa
Obaat 06001IEHN KaKTO CIIe/Ba:

Ilpunocu c Hayuno-npunodicen xapaxkmep:

1. VI3BBpIIEHO € CHUCTEMaTHYHO M 33aJBJIO0YEHO JTUTEpaTypHO IPOYyYBAHE U
kinacuukanus Ha mozenure Ha MOS TpaH3UCTOpPUTE W BB3MOXKHOCTUTE UM 32
IIpHJIaraHe Ipyu HadalHUTe (aHAJUTUYHHI ) U3UUCICHUS Ha aHAJIOTOBUTE HHTETPAIHU
cxemu. M3cnenBaHo € BIMAHUETO HAa e€EeKTHUTE Ha KBCUSA KaHAJ NPH JbIOOKUTE
CYOMUKPOHHH TE€XHOJIOTHU;

2. HampaBeH e aHanu3 Ha METOJUTE 32 AHAIUTUYHO Opa3MepsBaHE Ha
AHAJIOTOBY HHTETPAJIHUA CXEMH C H3IIOJN3BaHE Ha TPUTE OCHOBHM MOJElIa Ha
TPAaH3UCTOPUTE. 3a BCEKH OT TE€3M METOAM Ca CHCTEMAaTH3UpPaHH CHOTBETHUTE
YPaBHEHHUsI M Bb3 OCHOBAa Ha TAX Ca INPEAJOKEHH IMPOLEAYPH 3a aHATUTHYHO
opasmepsBane. Te ca MPHIOKEHH IPH OPa3MEPSBAHE HA TPAH3HCTOPH, PaGOTEIH B
cmaba, yMmepeHa M cwiaHa wuHBepcus. HampaBeHa € cpaBHHMTENHA OLIEHKAa Ha
TOYHOCTTA Ha PasriieJaHNuTe METOIM;

3. W3BbpiieHO € IMpOy4yBaHE, aHAIM3 M CHUCTEMATH3MpaHE Ha METOAWTE 3a
EKCHEPUMEHTAJIHO OIpEJEeIsTHE Ha OCHOBHHTE TPAH3UCTOPHH IapaMeTpH.
[Ipennoxkenu ca npouenypu 3a U3BIMYAHE HA TPAaH3UCTOPHHU IapaMeTpu, KOUTO ca
IPUIOXKEHH YCIIEIIHO IIPH ONpPENEITHETO Ha MapaMETPUTE 3a JBE CYOMHKPOHHHU
(110nm u 180nm) u aBe Apa60KU cyOMuKpoHHU (16nmM 1 45nm) TEXHOIOTHY;

4. Ha 6a3aTa Ha TpUTe METOIM 32 AHAJUTHYHO Opa3MepsIBaHe ca pa3paboTeHu
YCBBBPIICHCTBAHM IPOLEIYyPH 3a IMPOEKTHpPaHE HAa OCHOBHHUTE KJIaCOBE
(yHKIIMOHAIHY €JIEMEHTH Ha aHAJIOTOBUTE MHTETPAITHU CXEMH IIPU TPUTE HUBA Ha
UHBEpcus Ha TpaHzucropute. [Iporeaypure ca npunoxKeHn yCIEeIHO ¢ MOAEIN Ha
4eTupu pammyHud TexHojoruu (16nm, 45nm, 110nm u 180nm), xoero
NOTBBPKAABA TAXHATA YHHBEPCATHOCT. M3BBpIIEHa € CpaBHUTENHA OIEHKAa Ha
TOYHOCTTA U €()EeKTHBHOCTTA HA CHOTBETHHUTE IPOLIEAYPH;
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MOS Tpan3ucTopu B ciiaba HHBEPCHSL.
IIpunocu c npunooicen xapaxmep:
6. Ha 6a3aTa Ha IpoBe/IeHUTE 3aBI00TCHN U3CIICIBAHNSA, B qUCEPTAIIMOHHHS
TPya ca (GopMyIMpaHH IpPENMOPHKH 33 NPOEKTHPaHE HAa AHAJIOTOBH HHTETPATHH
CXEMH, PEATH3UPAHH 110 CyOMUKPOHHU U IbJIO0KH CyOMHKPOHHU TEXHOIOTHH.
CumnraM, 9e IOIIyIEHUTE PE3YNITATH Ca OPUTHHAIIHK H HAITBJIHO ChOTBETCTBAT
Ha M3MCKBAHUATA 33 JUCEPTAlMOHEH TPy 3a IpunoOuBaHe Ha oOpa3oBaTeIHaTa 1
Hay4Ha CTelleH ,,J[oxkTop".

6. Ouenka 3a cTeneHTa HA JJHYHOTO Y4aCTHE HA JHCEPTAHTA B IPHHOCHTE

3a CTEeNeHTa Ha JMYHOTO Y4YacTHE Ha Mar. MHX. AJIEKCaHmAbp Panes B
MPUHOCKUTE ChAA OT OpOs Ha CAMOCTOATEIHUTE HAYYHH TPY10BE — 00mmo 5. Toa Mu
JaBa OCHOBaHHC Jia PHEMa, Y€ IIPUHOCUTE B JUCEPTALIMOHHMS TPY Ca JIMYHO JIEJI0
Ha KaHJOWJATa.

7. llpenenka na my0JuKanMMTE MO AUCEPTANMOHHANA TPyA: OPoii, xapak-
Tep Ha M3aHUATA, B KOUTO ca oTne4yaTaHu. OTpakeHne B HayKaTa — H3M0J-
3BaHe U HUTHPAHE OT APYI'H ABTOPH, B IPYrd Ja00paATOPHH, CTPAHH H IIp.

Ilo mwcepTanMOHHUA TPYyJ Ca HalpaBeHH 5 MyONUKAlMH: [Ba HOKIaga Ha
HaI[MOHAIHA KOH(pEpEeHNUs ¢ MexayHaponHo yuactiue National Conference with
International Participation (Electronica), Beirapus (IEEE, Scopus), 1Ba nokiIana Ha
MexayHapoaHa KondepeHnus International Scientific Conference Electronics (ET),
bearapus (IEEE, Scopus) m enHa cratus B pPELEH3UPaHO HAYYHO CIHCAHUE
,»,EJIEKTPOTEXHHKA U elNeKTponuka“ - ,,E+E“, Brarapus.

Yerupu oT HayuyHMTE IyONMKALUM ca B M3/IaHUS, KOMTO ca pedepupaHd H
MHJICKCHPaH! B CBETOBHOM3BECTHM 0a3M NaHHU ¢ Hay4dHa umHpopmarus (Scopus).
OCHOBHUTE pe3yNTaTH Ha JUCEPTAIMOHHUS TPY/ Ca JOCTOSHHE Ha GBIArapckaTa U
MEXAYHAPOJHA HAY9IHA OOIECTBEHOCT.

IlpencraBena e aBropcka crpaBka Ha 3abess3aHv OOLIO 5 IMTHPaHMSA Ha
myOnukanuu [1], [3] u [4]. HutupanusTa ca B HAyYHH TPYIOBE, IPEICTABEHH Ha
MEXIYHApOIHH HAayYHU (POPYMH OT IOCIETHHUTE TPHU F'OAUHH, KOETO ITOTBBPKIaBa
aKTyaJHOCTTa M BHCOKAaTa OLIEHKAa OT Hay4yHaTa OOIIHOCT Ha IOCTHTHATHTE OT
JOKTOpaHTa Pe3yJTaTH.

8. Mzno3Bane HA Pe3ylATATHTE OT JUCEPTANMOHHUN TPYJA B HAYYHATA M
COLMAIHATA NPAKTHKA. Hannyye Ha NOCTHTHAT NPSK HKOHOMHYECKH eeKT u
np. JIoOKkyMeHTH, Ha KOUTO ce OCHOBABA TBHPAECHHETO.

Hsma mpencraBeHM MOKYMEHTH 3a ydYacTHE Ha JOKTOPaHTa B HAay4HO-
U3CJICIOBATEICKH JOTOBOPH U IIPOEKTH.
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9. OueHKa Ha ChLOTBETCTBHETO Ha aBTopedepara ¢ H3NCKBAHUATA

\
M3rOTBSIHETO MY, KAKTO M HA a/[eKBATHOCTTA Ha OTPa3siBaHe HA\ @CHOBHM
MOJIOKEHHUS ¥ IPUHOCHTE HA JHCEPTALMOHHUS TPYA.

OTpa3siBa aJeKBATHO OCHOBHUTE IIOJIOKEHHS U NMPUHOCHUTE HA JUCEPTALMOHHUA
TPy, HAMPABEHUTE ITyOJMKALUY U JAHHUTE 33 IUTHPAHUATA UM.

10. Muenusi, NpenopbKH U OeJIeKKU

Hsvam ceprno3nm 3a0enexku U TMPENOpPBKH KBbM  IIPEACTaBEHHS
oUcepTalMoOHeH TpyHd. Jlbpka chemuaniHo Jga [oAdepTas TBOpUYECKdaTa U
3aabpia0oueHa paboTa Ha JokTopaHTa. [locTUrHATHTE IPUHOCH Ca pe3yaTaT KakTo OT
3a1bJIOOYCHUTE TCOPSTHUYHU MO3HAHUA B oOnactra Ha CMOS uHTETrpanHu cxemu,
peaTM3UPAHH 10 ABbJOOKH CYOMUKPOHHU TEXHOJIOTUU, KOUTO JOKTOPAHTHT Mpuiara
OpYU aHATUTUYHOTO OIMCaHWEe M pa3paboTKaTa HA METOJUTE 3a MOJACTHpPAHE U
IpOEKTHpaHe, Taka M OT OTIMYHOTO BJaJIe€HE HA CpeJCTBaTa 3a KOMIIIOThPHA
cUMyJalusa Ha Te3u cxeMH. PaboTata Ha JOKTOpaHTa ce XapakTepus3Hupa ¢ BUCOKO
0o0pa3oBaTeIHO HUBO U HATPYIIaH TEOPETUIECKH U MPAKTUICCKU U3CICA0BATEIICKH
OIUT B €JTHA U3KIFOUUTEIIHO aKTyaJlHa Hay4Ha 00JIacT.

11. 3akn04eHne ¢ SICHA MOJIOXKUTEJIHA WM OTPHLATETHA OLEHKA Ha
AUCEePTANUOHHUS TPY/

ITpencraBeHUAT AUCEpTAIMOHEH TPY. C€ XapaKTepPU3Upa ChC 3aXBIO0YEHOCT
Ha paspaboTkaTa, NMOCTUTaHE HAa 3HAYUMM PE3YITaTH U CBHABPKA CHIIECTBCHU
MPUHOCU C HAyYHO-TIPHJIOXKEH M NMPHIIOXKEH xapaktep. HampaBenure myOnukanuu
ca IpeACTaBeHU Ha aBTOPUTETHU Hay4yHU (POpYyMH, BKIIOUECHU Ca B CBETOBHH 0azu
JaHHU M ca JOCTOSHHME Ha MEXIyHapoJHaTa HaydHa oOmHocT. B3 ocHOBa Ha
II0OCOYEHOTO II0-TOpE JaBaM IMOJIOKHMTETHA OlleHKAa Ha JIUCEPTAIMOHHUSA TPYH U
CYMTaM, Y€ TOM OTroBaps HambiIHO Ha m3uckBaHuATa Ha 3PACPD, npaBunHuka 3a
npuinarase Ha 3PACPB u [lpaBunHuka 3a yclOBHATa U peja 3a NpUIoOHBaHE HA
HayuHu creneHu B TY—Co¢us. Ilpeamaram Ha yBakaemoto Hayumo xypu na
IIPUCHIU Ha Mar. MHXK. Anekcauabsp IletkoB PajeB HaydHaTa cTEIEH ,,JJOKTOP® IO
npodecuoHanHO HamparneHue: 5.2. ,ENeKTpoTexHHKa, €IeKTPOHWKA U
aBTOMAaTHKa“, Hay4YHa CIIEUAJIHOCT , [€OpHs Ha EJIEKTPOHHUTE BEPUTH MU
€JIEKTPOHHA CXEMOTEXHUKA .,

{ A " \
Hara: 31.08.2025 roa. PenenseHr: (VL )
(npod. n-p unx. Enucasera I'amxesa)
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REVIEW
on the dissertation

in the field of higher education "Technical Sciences"

Professional field: 5.2 "Electrical Engineering, Electronics and Automation"
Author of the dissertation: M.Eng. Alexander Petkov Radev

Topic of the dissertation: Research and development of methods and approaches for
the design of CMOS integrated circuits implemented using deep submicron
technologies

Scientific specialty: "Theory of electronic circuits and electronic circuit engineering"
Reviewer: Prof. Dr. Eng. Elissaveta Dimitrova Gadjeva, Technical University - Sofia

1. Relevance of the problem developed in the dissertation in scientific and
scientific-applied terms. Degree and levels of relevance of the problem and
specific tasks developed in the dissertation

When designing CMOS analog integrated circuits in submicron and deep
submicron processes, it is essential to choose a methodology for initial design that
provides high accuracy and efficiency in sizing the transistors in the circuit,
determining the relationship between the dimensions of the transistor, the operating
point and the parameters of the circuit.

With the advent of deep submicron CMOS technologies, designers of analog
circuits are faced with many new challenges at different stages of design, such as
low values of the supply and threshold voltages, higher leakage values, greater
spread of the parameters of elements with the same geometry, short channel effects,
influence of the drain voltage on the threshold voltage, etc. The development of
appropriate high-precision methods for initial design is the basis for the successful
and rapid implementation of the circuit.

Based on the analyzed trends in the development of design methods, the goal
and objectives of the dissertation are defined.

The goal of this dissertation is to study, research, analyze and improve the
basic methods and approaches for initial design and sizing (analytical calculation)
of analog integrated circuits, implemented on the basis of deep submicron CMOS
technological processes. To achieve the set goal, the author has formulated tasks
related to:

« Study of the possibilities of classical approaches for design and sizing of
CMOS analog integrated circuits with transistors, implemented in micron and
submicron technologies, as well as clarification of the shortcomings of these
approaches when implemented in deep and ultra-deep submicron technologies;
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* Study and analysis of known approaches for design of analog cn‘C‘ill
submicron technologies and definition of requirements for transistor mo\dbls wheni/
performing analytical calculations; NoonY

¢ Analysis of the most common models of MOS transistors and creation of
advanced procedures for determining the model parameters necessary for
performing analytical calculations;

» Development of methodologies for design of typical circuits for ensuring the
DC mode, as well as for design of amplifier stages, based on advanced approaches
for design with nanoscale transistors. Evaluation and comparison of the
effectiveness of the approaches through computer simulation;

« Summarizing the results obtained and offering recommendations for
designing analog circuits using nanoscale technologies.

This determines the relevance of the research problem, the goal and objectives
of the dissertation work from both a scientific and an applied point of view.

The author of the dissertation work has formulated goals and objectives that are
adequate and correspond to the requirements of a dissertation work for acquiring the
educational and scientific degree "Doctor".

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

The dissertation is 172 pages long, including an introduction and four chapters,
a list of contributions, a list of publications on the dissertation and used literature.
One appendix is also included in the dissertation. A total of 84 literary sources are
cited, most of which are from the last ten years. Five of the literary sources are from
Bulgarian authors. The cited publications are from renowned international
publishing houses, conferences and journals.

The dissertation traces the trends in the design of modern analog integrated
circuits and examines the new challenges in the application of deep submicron
CMOS technologies that designers face at different stages of the design. At the
beginning of the individual chapters, data on the current state of the problems
considered in them are given.

This gives me reason to believe that the doctoral student mag. Eng. Alexander
Radev knows in detail the current state of the problems being solved, he has
managed to creatively interpret and apply the literary material, which is the basis for
successfully solving the tasks set.

3. Compliance of the selected research methodology with the set goal and
tasks of the dissertation work

The selected research methodology is classical in electronics and
microelectronics and allows for successful and qualitative achievement of the set
goal and tasks. It includes a comparative critical analysis of the literature, theoretical
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development, research, modeling and design of the objects under C&%‘% g\(ration,; \: /
testing and validation of the results obtained. Simulation studies are ap _W
evaluate the results of the design according to the procedures proposed in the
dissertation.

4. Brief analytical characterization of the nature and assessment of the
reliability of the material on which the contributions of the dissertation are
built

The dissertation presents a classification of MOS transistor models and
examines the basic equations of the compact models, from which the simplified
models used in analytical calculations originate. Particular attention is paid to the
effects of the short channel, which are characteristic of deep submicron technologies
and which have a significant impact on the accuracy of the applied models.

A review, in-depth analysis and systematization of methods for analytical
calculation of analog integrated circuits at the initial stage of their design are carried
out. New modern design approaches are considered using three basic transistor
models: based on the threshold voltage; based on the inverse charge and based on
design using the gn/Ip methodology. A comparison of the results obtained when
applying the three considered design approaches is also carried out.

Approaches have been developed for determining transistor parameters, and for
some of them more than one method for extracting them has been presented.

For each of the presented design methods or methods for extracting parameters,
advantages, disadvantages, limitations and possible applications are highlighted. In
the dissertation work, an in-depth study of the application of these methods in the
analysis and design of analog integrated circuits has been carried out. ,

Procedures for the design of different types of analog integrated circuits using
the three considered design methods have been studied. For each of the circuits,
design was performed on 45nm technology, and for two of the circuits, design was
also performed on 180nm, 16nm and 110nm technologies. A detailed comparative
analysis was performed in terms of accuracy and efficiency of the sizing approaches
using the different methodologies.

Based on the research conducted, recommendations for the design of analog
integrated circuits implemented using submicron and deep submicron technologies
have been formulated in the dissertation work.

5. Scientific - applied and applied contributions of the dissertation work

I believe that the contributions have a scientific-applied and applied nature and
could be defined as the creation of new research methods, classifications, designs,
technologies and schemes, as well as obtaining confirmatory facts.

I accept in principle the contributions formulated by the candidate. They can be
summarized as follows:



Contributions of a scientific-applied nature: \

1. A systematic and in-depth literature study and classification“of" MOS /. ://’"
transistor models and their application possibilities in the initial (anaTytl 1—)%
calculations of analog integrated circuits has been carried out. The influence of short
channel effects in deep submicron technologies has been studied.

2. An analysis of the methods for analytical sizing of analog integrated circuits
using the three basic transistor models has been made. For each of these methods,
the corresponding equations have been systematized and based on them, analytical
sizing procedures have been proposed. They have been applied to the sizing of
transistors operating in weak, moderate and strong inversion. A comparative
assessment of the accuracy of the considered methods has been made.

3. A study, analysis and systematization of the methods for experimental
determination of the main transistor parameters has been carried out. Procedures for
extracting transistor parameters have been proposed, which have been successfully
applied to the determination of the parameters for two submicron (110nm and
180nm) and two deep submicron (16nm and 45nm) technologies.

4. Based on the three analytical sizing methods, advanced procedures have been
developed for the design of the main classes of functional elements of analog
integrated circuits at the three levels of transistor inversion. The procedures have
been successfully applied with models of four different technologies (16nm, 45nm,
110nm and 180nm), which confirms their universality. A comparative assessment
of the accuracy and efficiency of the relevant procedures has been carried out.

5. A semi-empirical approach for designing a temperature-stable voltage source
based on MOS transistors in weak inversion using the g/Ip methodology has been
developed.

Applied contributions:

6. Based on the conducted in-depth research, the dissertation formulates
recommendations for the design of analog integrated circuits implemented using
submicron and deep submicron technologies.

I believe that the results obtained are original and fully comply with the
requirements for a dissertation for the acquisition of the educational and scientific
degree "Doctor".

6. Assessment of the degree of the dissertation candidate's personal
participation in the contributions

I judge the degree of the personal participation of M.Eng. Alexander Radev in
the contributions by the number of independent scientific papers - a total of 5. This
gives me reason to assume that the contributions in the dissertation work are the
candidate's personal work.



P Sainne e Lo T W
’

L =

e NN ML

, =\ TEKAHAT)S
7. Assessment of publications on the dissertation work: number,"nature of \-“z

&
the editions in which they are printed. Reflection in science — use an\diﬁ i 0) %y
by other authors, in other laboratories, countries, etc. S

5 publications have been made on the dissertation work: two reports at a
national conference with international participation National Conference with
International Participation (Electronica), Bulgaria (IEEE, Scopus), two reports at an
international conference International Scientific Conference Electronics (ET),
Bulgaria (IEEE, Scopus) and one article in a peer-reviewed scientific journal
"Electrical Engineering and Electronics" - "E+E", Bulgaria.

Four of the scientific publications are in editions that are referenced and
indexed in world-renowned databases of scientific information (Scopus). The main
results of the dissertation work are available to the Bulgarian and international
scientific community.

An author's reference is presented for a total of 5 citations of publications [1],
[3] and [4]. The citations are in scientific papers presented at international scientific
forums from the last three years, which confirms the relevance and high assessment
by the scientific community of the results achieved by the doctoral student.

8. Use of the results of the dissertation work in scientific and social
practice. Presence of achieved direct economic effect, etc. Documents on which
the statement is based.

No documents have been submitted for the participation of the doctoral student
in research contracts and projects.

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 abstract is in accordance with the requirements for its preparation and
adequately reflects the main points and contributions of the dissertation work, the
publications made and the data on their citations.

10. Opinions, recommendations and notes

I have no serious remarks and recommendations to the presented dissertation
work. I would like to especially emphasize the creative and thorough work of the
doctoral student. The achieved contributions are the result of both the in-depth
theoretical knowledge in the field of CMOS integrated circuits, implemented using
deep submicron technologies, which the doctoral student applies in the analytical
description and development of modeling and design methods, and the excellent
command of the tools for computer simulation of these circuits. The doctoral
student's work is characterized by a high educational level and accumulated
theoretical and practical research experience in an extremely relevant scientific field.



dissertatlon work

The presented dissertation work is characterized by the depth of the
development, the achievement of significant results and contains significant
contributions of a scientific-applied and applied nature. The publications made have
been presented at authoritative scientific forums, are included in world databases
and are available to the international scientific community. Based on the above, I
give a positive assessment of the dissertation work and believe that it fully meets
the requirements of the Law on the State of the Republic of Bulgaria, the regulations
for the implementation of the Law on the State of the Republic of Bulgaria and the
Regulations on the conditions and procedure for acquiring scientific degrees at TU-
Sofia. I propose to the esteemed Scientific Jury to award M. Eng. Alexander Petkov
Radev the scientific degree "doctor" in the professional field: 5.2. "Electrical
engineering, electronics and automation", scientific specialty "Theory of electronic
circuits and electronic circuit engineering".

Date: 31.08.2025 Reviewer: (’H)
;] (Prof. Dr. Eng. Elissaveta Gadjeva)
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