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PELUEH3UA

Ha AucepTaLMOHEH TPyA 3a nonyvyasaHe Ha obpasoBaTernHa u
cTeneH ,AokTop”

ABTOp Ha AMcepTaLMOHHMA Tpya: Mar. uHx. AnekcaHabp lNeTtkoB Papes
Tema Ha gucepTauuoHHus Tpya: ,M3crneasaHe u pasBuTe Ha MeToaun v
noaxoau 3a npoektmpaHe Ha CMOS uHTerpanHu cxemu, peanusvpadi no
ObNBOKM CyOMUKPOHHM TexHonornu’

PeLieH3eHT: un.-kop. uHX. Meopru Cnaeyes Muxos, npodecop, AOKTOp Ha
HayKkuTe.

1. AKTyasiHOCT Ha pa3paboTBaHuUA B AnNcepTalMoHHUA Tpya npobnem

B Hay4YHO U Hay4YHOMNPUII0XXHO OTHOLLEeHUe.

TenaeHuus B pasButueto Ha cmeceHnte CMOS cuctemn e aHanorosuTe
U undpoBuUTe GOKOBE Aa ce peanusnpaHy B eaHa 1 Cblla NoAsioxKa, KoeTo
03HayaBa, 4Ye aHarnoroBuTe cxemu TpsbBa fda ce wmsrpaxpat no cblute
TEXHOMNOrMK, KakTo U uugposute. C nosisata Ha AbMOOKUTE CyOMUKPOHHM
CMOS TexHonoruu (C MMHMManHa gb/MKUHA Ha KaHana Ha TpaH3ucTopa noa
100nm), Bb3HUKBAT HOBU OCOBEHOCTW NPV NPOEKTMPaHETO Ha aHasorosuTe
cxemu (MOHWKEHO 3axpaHBallo HanpexeHue, HeobXxoaMMOCT 4YacT OoT
TpaH3ucTopute da paboTaT B cnaba u ymepeHa WHBEpPCUsl, KbCOKaHanHu
edektn u aOp.). Bb3HMkBa HeobxoaMMOCTTa OT YCbBbPLUEHCTBAHE Ha
noaxoauTe 3a NPoeKTMpaHe, 3a Aa Morat Ja ce oryeTaT Tean 0cobeHoCTH.

B TOoBa OTHOWEHWe, [OMCEPTALMOHHUAT  Tpyd,  pasrnexaanku
cneundukmTe Ha abnbokute cybmmkpoHH CMOS TexHonornm, uscrneasankm
TPAH3UCTOPHW MOAENM 33 aHaMUTUYHW U3YMCIIEHUs, aHanusupanku u
npeanarankM MeToau 3a eKcrnepyMMEeHTanHo onpeaensHe Ha TPaH3NCTOPHU
napamMeTpu U MeToau 3a NPOeKTMpaHe Ha aHarloroBu MHTErpanHu cxemu e
Ha 6e3CnopHO akTyanHa TemMaTuka.

2. CTeneH Ha nNo3HaBaHe CHLCTOSHMETO Ha MpobrnemMa U TBOp4Yecka
MHTepnpeTauus Ha NnuTepaTypHUA maTtepuan

NutepaTypHOTO npoy4saHe obxealla ob6Lo 84 3arnaeus, 5 OT KOUTO Ca
Ha 6bNrapcku e3uk, a ocTaHanuMTe Ha aHrmuincku. To e No CbLEeCTBOTO Ha
npobnemaTukata, cregsa B Lienusa XoA Ha aucepraumsaTa, HO OCHOBHO €
CbCpeaoToO4EeHO B MbpBUTE 3 rNasMu.

Owe B nbpBa rnaesa (BbBegeHue) e dopmynupaHa uenta Ha
OucepTauLMoOHHUA Tpya: ,... Aa Ce npoyyar, uscneisart, aHanusupar u
YCbBBLPLUEHCTBAT OCHOBHWTE METOAM W TMNOAXoAM 3a MbpBOHAYanHo
npoekTupaHe W oOpasMepsiBaHe Ha aHanoroBuM WHTErpanHu CXemu,
peanusvpaHn Ha Gasata Ha AbN6oku cyomukpoHHn CMOS TexHomorn4Hmu
npouecun. 3a nocTuraHeTo Ha UenTa ca NocTaBeHW ceaeMm 3adaydu,
nocrefoBaTenHo pellasaHu B OTAENHUTE MaBu Ha aucepTauusTa. [TbpeuTe
TPU 3agaynm ca CBbp3aHW C NMTepaTypHOTO MNpoyyBaHe: onucaHue Ha
Kracudeckute nogxoam 3a npoektupaHe Ha CMOS aHanorosu WHTErparnHu
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p,bn60|<14 CyOMMKPOHHM NpoLecu; aHanua Ha MoAernu Ha MOS 1p EFQQM PP
YCbBBPLUEHCTBaHE Ha npouedypy 3a onpefensHe Ha napamet uMm.
Cnegpawymte TpU 3ajadnm ce OTHacAT Ao paspaboTeaHe Ha cne \mé’%&
METOOMKW: 3a MNpOoeKTMpaHe Ha TUMUYHU pPEeLleHUs, ocurypABathiig=

NOCTOAHHOTOKOBUA pexum Ha CMOS aHanoroBu WHTErpanHu cxemu; 3a
NPOEKTMpaHe Ha TWNWYHW YCUnBaTenHu CTbhnana; 3a MpoeKTMpaHe Ha
OCHOBHM TWNoBe onepauuoHHu ycuneatenu. [locnegHaTta 3ajaya e 3a
obobLiaBaHe Ha MonyYyeHWTe pesynTtatu U npeanaraHe Ha NpPenopbKK Mnpu
NPoeKTUpaHe Ha aHanorosn cXxemu No HaHopasmepHW TEXHONMOruW.

HauMHbT Ha npoBexgaHeTo Ha nuTepaTypHOTO Mpoy4yBaHe WU
CbMbTCTBAWMSA O aHanu3 rokassa egHo MHoro Jo6po nosHaBaHe Ha
CbCTOSIHMETO Ha npobrema.

3. ChboTBeTCTBME Ha un3bpaHata MeToAuKa Ha uscrnienBaHe C
nocraBeHaTa Lien ¥ 3agayy Ha avcepTaLMoOHHUA Tpya

MeToan4ecku, AncepTaunoHHUAT TPYA e B noruyeckarta
nocnedoBaTenHoOCT OT: Nperfed U aHanua Ha nutepaTypHUTE WU3TOYHULIN,
aHanNUTUYHM uW3cneadBaHWs 3a u3BexaaHe u obobuwaBaHe Ha OCHOBHU
MOJEmMNHW YpaBHEHMS 3a aHanm3 1 npoekTnpaHe Ha yHKUMOHaNHN enemMeHTu
Ha aHaroroBM CXemWu, CUMyNauMOHHW un3crefsaHuA 3a onpegensiHe Ha
TPaH3UCTOPHN NapameTpu B MOAENHWUTE YpaBHEHUS; OLieHKa Ha pesyntatuTe
OT npoekTupaHeto. CumynauvoHHUTE W3CneaBaHus ca nposeaeHn ¢
nonssaHeTo Ha nporpamHu npoayktu LTSpice n Cadence Spectre.

4. KQaTKa aHanuTU4YHa XapakTepucTukKa Ha ecTecTBOTO U OLieHKa Ha
OJOCTOBEpPHOCTTAa Ha Marepuarna, BbpXy KOWTO ce rpaasT NnpuHOCUTEe Ha

avcepTaumoHHUS TpyA.

MpeacraBeHuaT aucepTaumMoHeH Tpya € B obem e oT 172 cTpaHuuu.
PasnpeneneHMeTo Ha maTepuana e KakTo crnejsa: CbAbpXaHue — S CTp.;
CANCBLUM Ha urypute, Ha Tabnuuute U Ha usnonssaHuTe osHauveHua — 10
CTp.; BbBedeHue (MbpBa rmaea) — 7 CTp.; YeTupu OCHOBHM rnasu 136 cTp.;
3akmnoyeHne — 4 cTp.; MPUHOCK Mo AuC. TpyAa — 2 CTp.; nybnukaumum no awuc.
Tpya — 1 ctp.; 6ubnuorpacdms — 5 ctp. Kbm guceptauusta e [ageHo
NpUNoXeHne, B KOETO MpeacTaBeHU AOMbIHUTENHU NpUMeEpK 3a aHanus U
NpoeKkTUpaHe Ha pasnuYHu TUNOBE CXEMM.

MaBa 1 (BbBeaeHune) HakpaTKo npeacTaBsa TeHAeHUuUTe 1 etanute npu
NPOoeKTUPaHETO Ha aHaNoroBy MHTErpanHn cXxemu.

MmaBa 2 Pasrnexpga Mogenute Ha MOS TpaH3MCTOpPUTE, OCHOBHMU
ypaBHEeHUs U edbekTuTe Ha kbeusa kaHan. lNpeanoxeHa e knacugukaums Ha
mogenuTte Ha MOS TpaHaucTopuTe ¢ POKYC BbpXy KOMMaKTHUTE MoAenu w
OCHOBHUTE UM MOAESNHN ypaBHEHUS.

B maBa 3 ca cuctemaTusMpaHu YypaBHEHUsATa, W3NOoS3BaHu Mnpu
OCHOBHUTE MeTOoAM 3a HayarnHo aHanuTuiHo opasmvepsiBaHe Ha CMOS
aHanoroBM CXeMU U e oueHeHa TOMHOCTTa UM, CbCTaBeHM ca npoueaypu 3a
MNPUMNOXEHNETO Ha OCHOBHUTE METOAM 3a eKCrepUMeHTanHo onpeaensaHe Ha




OT MeToauTe. 4 i
[MmaBa 4 e NocBeTEHa Ha EKCNEPUMEHTANHOTO M3BMMYaHe Ha napame
Ha TpaHaucTopu. [lapamnenHo C W3BbpLEHUs 0630p Ha METOANTE O 3aT
eKCIEPVMEHTAIHO OMpefensHe Ha OCHOBHM TPaH3WCTOPHW napameTpu, ca
npeanoXeHn MoaucuuMpaHM MeToan M ca CbCTaBeHW npoueaypu 3a
MPUNOXEHNETO UM.
B rmaea 5 e W3BbPLUEHO CPaBHEHWe Ha MeToauTe U MoJenuTe,
npunaraHy Npy aHanusa v NPOEKTUPaHeTO Ha aHarnoroBM MHTErpanHn cxemu
W ca NpearnoXeHW METOOMKU 323 aHanus U opasMepsiBaHe Ha pasnuyHu
knacose cxemu. [py NpoeKTMpaHeTo ca M3Momn3BaHu pesyntatuTe OT rrasa

4.

D Ha!‘-IHOﬂQMnO)KHVI npuHOCK Ha AncepTalmMoHHNA TPyA.
Haquo NPUNOXHUTE NPUHOCKU B HacToAWKUA Tpya Ce OTHacAT Ao

uscrnenBaHe, aHanus W YCbBbpPLUEHCTBAHE Ha METOAUKM 3a Ha4danHo
aHanMTu4Ho npoektupaHe Ha CMOS aHarnorosu cxemwu, peanu3npaHu no
ObNOOKA CYOMUKPOHHM TexHorormM W MoraT fa ce Oonpefdenar Karto
fo1y4aeaHe Ha nomebpoumesiHu gakmu.

— npoBedleHO e CcucTeMaTM4HO npoy4yBaHe W € npeanoxeHa
knacudukaums Ha mogenmte Ha MOS  TpaHaucTopuTeé  CbOOpasHo
MPUINOXEHUETO UM NPV HavanHUTe aHanuTUYHU U34MCIEHNS Ha aHarnorosuTe
WHTErpanHuM cxemu. AHanU3VpaHo € BINVSHMETO Ha edekTUTe Ha Kbeus
KaHan npu obnbokuTe CyOMUKPOHHU TEXHOIOMUN.

— HanpaBeH € aHanM3 Ha TPUM OCHOBHM MeToda 3a Ha4danHo
opa3MepsiBaHe Ha aHasrioroBy MHTErpanHu Cxemu, oueHeHa e To4YHOCTTa UM
W ca npednoXeHn npoLeaypu 3a opasmepsiBaHe Ha TpaH3uCTopy, paboTely
B cnaba, ymepeHa 1 cunHa uHBepcus; ]

— M3BbPLUEH € aHanu3 Ha MeToauTe 3a eKCrnepuMeHTanHo onpeaensHe
Ha OCHOBHWTE TPaH3UCTOPHU NapameTpu, HanpaBeHU ca NpPenopbKM 3a
NPUMoXeHne Ha MeToauTe M ca CbCTaBeHW npouenypu 3a MPUNoXeHWeTo
um. MpeanoxeH e MeToa 3a MbpPBOHAYarNHO OonpeaensHe Ha cneunguyHus
ToKk Ha MOS TpaH3ncTop oT Mogena, 6asnpaH Ha UHBEPCHUS 3apsa;

— YCBLbBBPLUEHCTBAHN U aHanuM3vpaHu ca npoueaypv 3a npoekTvpaHe Ha
OCHOBHM KnacoBe (QYHKLUMOHaNHW erlieMeHT! Ha aHarnoroBu CxXemu npu Tpu
HuBa Ha uHBepcua Ha MOS TpaHsuctopute. [poueadypuTte ca NpuUoxXeHu
yCMewHO C MOZENM Ha YeTupu pasfuyHu TEXHONorMn 1 pesynratu ca
aHanuaupaHu ¥ CpaBHEHU MO OTHOLIEHWE Ha CMOXHOCTTa M Opos Ha
CTbMNKMUTE NPU CLOTBETHUTE MpoLieaypu U NocTUrHaTarta TOYHOCT Mpu BCAKa
OT T4X;

— NpeasiokeH e nony-eMmnuMpuyeH noaxoad 3a npoektupaHe 4ypes gm/ID
METOAO0MOrMA Ha TemrnepaTypHO-CTabureH M3TOYHMK Ha HanpexeHwe Ha
6asata Ha MOS TpaHaucTopu B cnaba nHBepcua. NoaxoabT €, NPUNoXeH
YCMELIHO MPU MNpOeKTMpaHe Ha M3TOMHUK Ha HanpexeHue, paboTeul B
TemnepaTtypHus avanasoH [-50; 150]°C.
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6. OueHka 3a cTeneHTa Ha JIMYHOTO y4vacTme Ha aucepr
npuHocure

Cnopen papeHus MaTepman W HanpaBeHUTe Mo Hero ny6mga<aumm
cyaTaM 4e MNPUHOCUTE B HacToALWMA Tpyad ca NpeguMHO JIUYHO p,e‘.néw@, f'
ApycepTaHTa, Nof PbKOBOACTBOTO HA HEroBUs pbKoBoaUTEN Npod. A-p EMATT
MaHonos.

7. nEeHEHKa Ha HYGHMKaHVIVITe no AuceprtaunMoHHUA TPyAO

Mo Tpyoa ca HanpaBeHu 5 ny6nukaumm, oT KOMTO 2 Ha KOHepeHumnsiTa
Electronica (Codwmsi) [A1, 2], 2 Ha koHdepeHuusita Electronics ET xxxx
(Cosonon) [A3, 4] n 1 B cnucaHueTo ,EnekTpoTexHuka U ENekTpoHuka —
E+E“ [A5] (nog neyvat), Beuuku nybnvkauum ca camocToaTenHu. HYeTtupu ot
ny6nukaumnte ca nHgekcupanm B SCOPUS, kbaeTo ca BuaHM 4 He3aBucHmMu
umMTUpaHna no Tax. CbbOpaHuTe TOYkM MO MuHWManHUTe KU3NCKBaHWUTE Ha
MpaBunHuka 3a npunaraHe Ha 3PACPB no nokasaten ,[™ Touku ca 160, ¢
KOETO 3HauYUTENHO ce HaaXBbLPNAT usnckyemmte 30.

8. Uanon3BaHe Ha pe3ynrtaTute OT AUcepaTUMOHHUA TPya

MonyyeHuTe pesynTaT B AUCEPTALMOHHWA Tpya W opMynupaHute
NPEnopbLKA 3a HavanHu aHanuMTUYHU U3YUCIIEHUS ca MPAKO MPUMOXUMUK NpU
NPOEKTUPaHEeTO Ha aHanoroByM WHTErpanHu CXemMu, peanusmpaHu no
CyOGMUKPOHHU U Obnboku cybmukpoHHn CMOS TexHonoruu. Te c ycnex
MoraT ga ce nonssat npu oby4eHNeTo Ha CTYAEeHTU U LOKTOPaHTH.

9. OueHKa Ha CbOTBETCTBMETO Ha aBTopedepara

MNpeacTtaBeHUAT aBTopedepat e B 06eM oT 32 cTpaHuum CbabpXaHUETo
My CbOTBETCTBA Ha CbAbpXXaHWETO Ha AncepTaumMoHHna Tpya. B HavanoTo e
npeactaBeHa obLla xapakTepucTuka Ha AucepTauuoHHMA TpyAa, BkNoYyBalla
akTyarnHocT Ha npobnema, Len Ha gucepTaunoHHUS TPy, OCHOBHU 3agayvum u
MeToAM 3a u3cnedBaHe, OLEeHKa 3a HayyHata HOBOCT W MnpakTuveckarta
MPUMNOXUMOCT, KakTO W onucaHue Ha CTpyktypata u obema Ha
avcepTaumoHHus  Tpya. CregBa  KOHUEHTpUpaHo npeAacTaBsAHe  Ha
CbAbPXaAHNETO Ha AucepTaumoHHus Tpyd. AsTopedeparbT 3aBbpluBa C
onncaHMme Ha MNPUMHOCUTE Ha AWCepTauuMoOHHUA TpyA, CNUCbK Ha
nyénukaumMmMTe no Tpyaa cbe 3abenasaHuTe OT aBTOpa LMTUPaHUA Mo TSX U
pesloMe Ha aHrnuiicku eauk. OueHkaTta MW 3a aBTopedeparta e, 4ye TOU
oTroBapsi Ha oOwonpueTnute WU3UCKBaHMATAa WU oOTpasdBa  BAPHO
CbAbPXaHWETO M NPUHOCUTE Ha AUCEPTALUOHHUA TPYA.

10. MHeHUA, NnpenopbLKU 1 BenexkKu
Hamam 3abenexku no OTHOLUEeHWEe Ha KONMYeCcTBOTO W KayecTBOTO Ha

M3BbpLUEHaTa OT [AucepTaHTa Mmar. uHX. AnekcaHgbp Pages pa6ota.
[McepTaumMoHHUAT Tpya € MHoro gobpe odopMeH, HanucaH € Ha fACeH u
TOYeH e3uK. M3BbplleHa e 3HauuTenHa paborta, KoATo € pgosena Jo
ybeoutenHu pesyntatu. [Jagox cBoe oduumanHo MHEeHue C npenopbku U
Genexkn 3a BbTpellHaTa 3awmta Ha pguceptauusata. C  yaoBoncTeue
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oTyMTaM, 4Ye 3abenexkute WU npenopbkATE ca B3ETU npen
OKOHYaTenHoTo ocopMsiHE Ha TpyAaa.

11. 3aknioueHue: AN

CuuTam, Ye obpasoBaTenHarta M Hay4yHaTta 3afadyun Ha guceprauusTa ca
M3MbIIHEHNW Ha BUCOKO HuMBo. [lpeasma akryanHoctTa Ha Temarta,
HanpaBeHuTe pa3paboTku, uW3CneABaHWs W aHanusu, nocTurHatTuTe
pesynTaTy, KakTo M HanpaBeHuTe nybnukauuy, nasam MONOXUTEJTHA
OLleHKa Ha JgucepTauuoHHWA Tpyd W npeanaram Ha 4neHoBeTe Ha
yBaxaemoTo HayuHo Xypu Aa rnacyeart 3a JaBaHeTo Ha obpasoBaTenHarta u
HayuyHa cTeneH ,A0KTOp” Ha Mar. uHX. AnekcaHgbp [leTkoB Pages no
npodecmoHanHo Hanpaenenve 5.2. EnekTpoTexHuka, eneKkTpoHuka U
aBTOMaTvKa, HaydHa cneumanHocT ,Teopuss Ha EeneKkTpoHHWUTEe Bepuru u
eNeKTPOHHa CXEMOTEXHUNKA™.

OATA: 20.08.2025 r.
PELEH3EHT: (1)
| npodp. oTH uHx. I'. Muxos /
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REVIEW

of thesis for awarding the ‘educational and scientific degree “Doc
Philosophy”

Author of the thesis: MSc. Eng. Alexander Petrov Radev

Title of the thesis: “Research and development of methods and approaches
for designing CMOS integrated circuits implemented using deep submicron
processes”

Reviewer: Corr. Mem. of BAS, Eng. Georgy Slavchev Mihov, Professor,
Doctor of Science

1. Relevance of the problem solved in the PhD thesis in scientific and
applied science terms.

A trend in the development of mixed CMOS systems is for analog and digital
blocks to be implemented on the same substrate, which means that analog
circuits must be built using the same technologies as digital ones. With the
advent of deep submicron CMOS processes (with a minimum transistor
channel length below 100 nm), new features arise in the design of analog
circuits (reduced supply voltage, the need for some of the transistors to
operate in weak and moderate inversion, short-channel effects, etc.). There
is a need to improve design approaches in order to be able to take these
features into account.

In this regard, the dissertation work, examining the specifics of deep
submicron CMOS processes, investigating transistor models for analytical
calculations, analyzing and proposing methods for experimental
determination of transistor parameters and methods for designing analog
integrated circuits, is undoubtedly a topical topic.

2. Level of knowledge of the problem’s state and author creative
interpretation of the bibliography

The literature review covers a total of 84 titles, 5 of which are in Bulgarian,
and the rest in English. It is on the essence of the problem, follows
throughout the course of the PhD thesis, but is mainly concentrated in the
first 3 chapters.

Already in the first chapter (Introduction) the goal of the dissertation is
formulated: “... to study, investigate, analyze and improve the main methods
and approaches for initial design and sizing of analog integrated circuits,
implemented on the basis of deep submicron CMOS technological
processes”. To achieve the goal, seven tasks have been set, sequentially
solved in the individual chapters of the dissertation. The first three tasks are
related to the literature review: description of the classical approaches to
design CMOS analog integrated circuits; study and analysis of the known
approaches to design in deep submicron processes; analysis of MOS
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CMOS analog integrated circuits; for the design of typical amplifier sta
the design of basic types of operational amplifiers. The last task is to
summarize the results obtained and offer recommendations for the design of
analog circuits using nanoscale technologies.

The manner of conducting the literature review and the accompanying
analysis shows a very good knowledge of the state of the problem.

3. Compliance of the chosen research methodology with the goals and
tasks of the PhD thesis

Methodologically, the PhD thesis is in the logical sequence of: review and
analysis of literary sources; analytical studies to derive and summarize basic
model equations for analysis and design of functional elements of analog
circuits; simulation studies to determine transistor parameters in the model
equations; evaluation of the design results. The simulation studies were
conducted using the software products LTSpice and Cadence Spectre.

4. Brief analytical description and assessment of the material’s
credibility on which the contributions of the PhD thesis are built.

The presented PhD thesis is 172 pages long. The distribution of the material
is as follows: table of contents — 5 pages; lists of figures, tables and symbols
used — 10 pages; introduction (first chapter) — 7 pages; four main chapters
136 pages; conclusion — 4 pages; contributions to the dissertation — 2 pages;
publications on the thrsis — 1 page; bibliography — 5 pages. An appendix is
provided to the dissertation, which presents additional examples of analysis
and design of different types of circuits.

Chapter 1 (Introduction) briefly presents the trends and stages in the design
of analog integrated circuits.

Chapter 2 examines the models of MOS transistors, basic equations and
short-channel effects. A classification of the models of MOS transistors is
proposed with a focus on compact models and their basic model equations.

Chapter 3 systematizes the equations used in the basic methods for initial
analytical sizing of CMOS analog circuits and evaluates their accuracy,
develops procedures for the application of the basic methods for
experimental determination of basic transistor parameters, and proposes a
modification of one of the methods.

Chapter 4 is devoted to the experimental extraction of transistor parameters.
In parallel with the review of the methods for experimental determination of
basic transistor parameters, modified methods are proposed and procedures
for their application are developed.

Chapter 5 compares the methods and models used in the analysis and
design of analog integrated circuits and proposes methodologies for analysis
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and sizing of different classes of circuits. The results of Chapter 4 wefié}_» sedp 1 \1\‘\
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5. Applied scientific contributions. \\(?; (ﬁﬂ@/

The scientific and applied contributions in this work relate to the study, TS

analysis and improvement of methodologies for initial analytical design of

CMOS analog circuits implemented using deep submicron technologies and

can be defined as obtaining confirmatory facts.

— a systematic study has been conducted and a classification of MOS
transistor models has been proposed according to their application in initial
analytical calculations of analog integrated circuits. The influence of short
channel effects in deep submicron technologies has been analyzed.

— an analysis of three basic methods for initial sizing of analog integrated
circuits has been performed, their accuracy has been assessed and
procedures for sizing transistors operating in weak, moderate and strong
inversion have been proposed,;

— an analysis of the methods for experimental determination of the main
transistor parameters has been performed, recommendations for the
application of the methods have been made and procedures for their
application have been compiled. A method for initial determination of the
specific current of a MOS transistor from the model based on the inversion
charge has been proposed;

— procedures for designing basic classes of functional elements of analog
circuits at three levels of inversion of MOS transistors have been improved
and analyzed. The procedures have been successfully applied to models of
four different technologies and results have been analyzed and compared in .
terms of complexity and number of steps in the respective procedures and
the achieved accuracy in each of them;

— a semi-empirical approach for designing a temperature-stable voltage
source based on MOS transistors in weak inversion using the gm/ID
methodology has been proposed. The approach has been successfully
applied in designing a voltage source operating in the temperature range [-
50; 150]°C.

]

3

6. Degree assessment of the candidate’s personal participation in the
contributions

According to the presented materials and the scientific papers related to
them, | believe that the contributions made in the present PhD thesis are
mainly the personal work of the author, under the guidance of his supervisor
Prof. PhD Emil Manolov.

7. Evaluation of articles on the PhD thesis

5 publications have been made on the work, of which 2 at the Electronica
conference (Sofia) [A1, 2], 2 at the Electronics ET’xxx conference (Sozopol)
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[A3, 4] and 1 in the journal “Electrical Engineering and Electronics —
[A5] (in press). All publications are independent. Four of the publicati

indexed in SCOPUS, where 4 independent citations are visible. The
points under the Minimum requirements of the Regulations for the  \

T\
Implementation of the Regulations for the Implementation of the Law O:M‘:«Q@_
Development of the Academic Staff in the Republic of Bulgaria under

indicator “I” points are 160, which significantly exceeds the required 30.

o

8. Applicability of the results obtained in the PhD thesis

The results obtained in the dissertation and the formulated recommendations
for initial analytical calculations are directly applicable in the design of analog
integrated circuits implemented using submicron and deep submicron CMOS
technologies. They can be successfully used in the training of undergraduate
and doctoral students.

9. Author's essay assessment

The presented abstract is 32 pages long. Its content corresponds to the
content of the dissertation. At the beginning, a general description of the
dissertation is presented, including the relevance of the problem, the purpose
of the dissertation, the main tasks and research methods, an assessment of
the scientific novelty and practical applicability, as well as a description of the
structure and volume of the dissertation. This is followed by a concentrated
presentation of the content of the dissertation. The abstract ends with a
description of the contributions of the dissertation, a list of publications on the
work with the citations noted by the author, and a summary in English. My
assessment of the abstract is that it meets the generally accepted
requirements and faithfully reflects the content and contributions of the
dissertation.

10. Opinions, recommendations and notes

| have no remarks regarding the quantity and quality of the work done by the
dissertation candidate, MSc. Eng. Alexander Radev. The PhD thesis is very
well-structured, written in clear and precise language. Considerable work has
been done, which has led to convincing results. | have given my official
opinion with recommendations and notes during the preliminary presentation
of the PhD thesis in the department of Electronics. | am pleased to report that
the remarks and recommendations have been taken into account in the final
preparation of the thesis.

11. Conclusion:

| believe that the educational and scientific tasks of the PhD thesis have been
fulfilled at a high level. Given the relevance of the topic, the developments,
research and analyses carried out, the results achieved, as well as the
articles submitted, | give a POSITIVE assessment of the thesis and propose
to the members of the esteemed Scientific Jury to vote for granting the
educational and scientific degree “Doctor of Philosophy” to MSc Eng.
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