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CrerunuqKoro Bn rcropa PorvlaHoBuqa

o AuccepraqnouHofi pa6ore gau Ban r{uey

<< O H g LI K o -T ex H or o rnq e c KH e M eroAbr S opna r4p o B aH r4fl r4HTe rp an b H brx
HeoxJrax(naeMbrx renJroBbrx AereKTopoB Ha KpeM HVtr4>>,

npeAcraBJreHHofr Ha coHCKaHHe yueHoil crefleHr,r

KAH TKI TATA TCXH I,IqE CKHX H AYK N O CN EqI{AJIbH O CTPI

05.27.01 - Tnep.uoreJrbHaq sreKTpoHI4I(a ) parvo3JleKTpoHHbre KoMrroHeHTbr, Mr4Kpo H
HaHO3JreKrpOHkrKa, npz6opbr Ha KBaHrOBbrx essexrax

fracceprallnoHHafl pa6ora 9an Ban r{zey nocBf,rrleHa pazpa6orKe MeroAoB
KOMIIbIOTepHOfo MoAenHpoBaHI,Ifl kI OTITHMLI3aIJUVT MexaHl4r{ecKI4X, TeIIJIOBbIX,
onTHqecKHX Vr 3neKTpI4qecKHX .xapaKTepHcTHK Heoxna)KAaeMbrx TeITJIoBbIX

AereKTopoB 6olouerpHr{ecKoro Tkrrra B LIHTerpaJrbHoM r4ctroJrHeHr4g, I,r3roroBJreHHbIX
c npI4MeHeHHeM KpeMHl4eeofi TexHonorl4z c repMoqyBclBr,rreJrbHbrM cJroeM Ha
ocHoBe anropQHoro KpeMHHt v oKcIaIa BaHa1;afl, [peAHa3HaqeHHbrx Anfl
perHcrpar\r4u IzlK-zgJryr{eHl4fl B 1uaila3oHe Anr4H BoJrH or B .{o l4 naxn,1.

B Al4cceprarJkrvr npeACTaBJIeHbI pe3yJlbrarbr 14ccneAoBaHprfl npra6opHbrx
crpyr(ryp Mr.{KpoooJroMeTPOB, c$opH,rzpoBaHHbrx rIo TCXHOJIOIPIId

MI'IKpo3rleKrpoMexaHI4LIecKHX ctlcreM (M3MC), olta1arourr4x pflAoNr rpegMyrr_lecrB
nepeA ApyI'HMI4 peaxH3aIJI4[MV aHaJTorHt{FIblX ilo $ynKUHoHany V Ha3HaqeHr4}o
npra6opoe: MaJrafl norpe6lrflevrafl MoIIIHocrb, orHocaTeJrbHo Hr43Kaf, croqMocrb,
Bo3Mo)KHOCrb @yurcqnoHr4poB aHvrfl ilpH KoMHarHOfi reMreparype.

VcctegoBaHl4e [poBoAHJIocb B paMKax KoMrrr,]orepHolo MoAenr4poBaH7fl c
I'ICnOJIb3OBaHHeM CneUHaJIL'HbIX npofpaMMHbrX cpeAcTB, peanH3yroulr4x MeToAbI
KoHer-IHbIX 3reMeHToB 14 KoHeqHbIX pa3Hocrefr Bo BpeMeHnofr o6nacru, a raK)Ke
IIO3BOJIflTOUII4e [pOeKTHpOBaTb CXeMHO-TOtIOrOfI4r{ecKHe peilreHpr fl, B TOM qHCJIe,, Ha
ocHoBe 3neKrpl4qecKzx (ronrnaKrl{blx) nro4en eit npu6opnrrx crpyrcyp.

OcsosublMH I4HcrpyMeHTaM14 rBIrflIrncb IrporpaMMHbre KoMrrJreKcbr Coventor,
ANSYS l,umerical v ruarrpopMa Cadence V irtuoso, Koropbre o6ecueqgBaror
rpe6yevltfr ypoBeHb AocroBepHocrl4 ilonyqellHbrx pe3yJrbraroB. Kponre roro,
coHcKaTeJIeM lrpeAno)KeHa 14 ilpOfpaMMHO pea",rrr43oBaHa MeTOAHKa O[peAeJreHHt
gHaqeuHfr oilTl4LICCKHX napaMerpoB Marept.taJroB, BxoAflrrlLrx B cocraB
TepMotryBcrBHrelssofi uenr6pauu rrHKceJIf, vrr,rr<po6oJroMerpa, ocHoBaHHafl Ha
peueHH14 Henl4Hefisrtx ypaBHeuufr nyreM Irocrpo eHVfl locneAoBareJrbrrbrx
npnltuNeuufi c ucronb3oBaHr4eM MeroAa HmoroHa - pa$coHa

B ilpouecce pa6omr HaD, Aucceptaryuefi coLrcKareJrb gan Ban r{r.rey rpo-f,B1an
ce6s KaK xnanra$HllttpoBauurtfr c[eIIHanprcr, cnoco6urrfi caMocrof,TeJrbHo perxarb



HayqHbIe 3a\aqv, BE'II]OJIHqTb TeOpeTHqecKHe 14 CCneA OBAHHfl, AHAIrr43HpOBaTb

[onyqeHHble pe3ynbrarbl, ysraHaBJrnBarb 3aBvrcnMocru 14 SopnrupoBarb
peKoMeH4a\w no [paKTHr{ecKoMy I4crroJlb3oBaHnro pe3yJrbraroe pa6orsr. PerueHbr,
B qacrHocTz, cneAyrorrlHe aKTyaJrbHbre 3a4aqv:

1. fIpeaJIo)KeHa v anpo6upoBaHa MeronuKa MoAerr4poBaHkrr 14 orrrr,rMu3ar\krvr
XapaKTepHcTHK HHTerpaJ'IbHbIX HeOXJIa)KAaeMblX 6olOveTpHqeCKHX TerrJrOBbIX

AereKroPoB, Koropafl Mo)Ker eSSexu4BHo HcrroJrb3oBarbcq B npoqecce
npoeKTnpoBaHufl yKa3aHHoro Tkrna ycrpofrcrB H nprz6opoB Ha HX ocHoBe Ha 3Ta[ax
pa:pa6orKn TrIrIoBofi npu6opuofi crpyKrypbl Haraxpo6oJroMerpa, pacr{era reilJroBbrx,
MexaHI4r{ecKHX, OfITllr{eCKHX, IHHaMI4T{eCKpIX V 3neKTpHrIeCKHX IIapaMeTpOB,
onTHMH3aIU]dvr cocraBa v reoMerpl4qecKnx xapaKTepucruK rrJreHoK ueu6paHrr

IrHKceJIt nazxpo6onoMerpa, a raK)Ke pa3pa6orxz cxeMorexHr4rrecKr4x perxeHr4 fi Inx
[ppreMa ) ycvrgHvrfl u o6pa6orxz AaHHbrx nrrar<po6oJroMerpoB.

2.tlpegno)KeHa w rporpaMMHo peanr43oBaHa Ha fl3brKe nporpaMMnpoBaHkrfl
Python MerotrI4Ka onpeAe neHVfl sHa.{euufi onrr,rqecKr4x [apaMerpoB Marepr4aJroB,
BXOAflUJHX B cocraB TepMor{yBcrBl,IrerrHofi rueHa6paHtr nuKceJrr nazrpo6oJroMerpa,
Koropafl 3aKrroqaerct B peueHHI4 HeJlnHefrurrx ypaBHeuuit nyreM [ocrpo eHr4fl
rIocneAoBareJIbHbIX npultmxeuHfi c I4cnoJIb3oBaHI4eM MeroAa HrroroHa - PaQcona.
llpe4no)KeHHat MeroAHKa rlo3BoJlter paccqzrbrBarb orpalr(eH6e, nponycKaHge vr
tlorrouleHHe.' cocroflull4x vl3 pa3rt4qHbrx KoMrroI{eHTou, eaxHefrulr4Mr4 A3 Koropblx
qBrtrtorc{ 3Har{eHHfl Aeficrsurelrnofr kr uunuofr q,acrvr KoMrrJteKcHofo rroKa3areJlt
ilpenoMrreHvrfl.

3. Ha q3blKe orll4caHnfl ailtraparypu Verilog-A peaJrn3oBaHHaq sneKrpgr{ecKafl
(xovrnaxrHar) MoAenb I14KceJrfl naraxpo6oJroMerpa, yr{HTbrBarorr]afl oco6esHocrr4
KOHCTpyKUHI4 14 HCnOIb3yeMbrx nnfl efo I,I3|OTOBIeHHq MaTepHaJroB:, KoTopat
HHTefpHpoBaHa B COCTaB KOMTTIIeKCa CXeMHO-TOrrOJrOfHqecKofo MoAenupoBaHr4t
I4MC, r{To no3Borqer o6ecner{I4Tb cHI4x(eHI,re BpeMeHHbrx 3arpar v [oBbrrrreHge
HaAeXHocrI4 pa:pa6arblBaeMblx HHTerpaJIbHbIX cxeM crrr4T1,rB aHHfl AaHHbrx
c Marpplubl AeTeKTopoB, pacroJro)KeHHbrx n Soxalrsofr rlocKo err4.

3. Pa:pa6oraHHble noAxoAbr K nocrpoeHnro r(oHcrpyKqr.ru vr ilpr,rHrrr4rroB

SyHxqnoHHpoB aHVr Hauxpo6oJroMerpoB, a TaK)Ke MeroAr4KH upr.r6opHo-
TexHonofplr{ecKoro 14 cxeMHo-ToIIOJIOfr4qeCKOfO IIpOeKTWpOBaHHfl Vr OrrTr4Mr43Ar\W
xapaKTepI4 crHK yKa3aHHbIX ycrpoficrn kr cucreM HcrloJrb3oBaTbcfl Anfl rroBbrrx eHHfl
ypoBHfl roAroroBKH cryAeHToB yrlpex4eHzfi BbIcIUero o6pa:oBaHr4fl no Ar4crlr4rrrrr4He
uf[po.paMMHble cpeAcrBa npoeKTvrpoBaHnfl r,rHTer]paJrbHbrx Mr4KpocxeM)) 3a crrer
nonyqeH4fl cryAeHTaMH Teopert4r{ecKl,Ix zlaaluuit H flparflHr{ecKgx HaBbrKoB B o6nacru
npoeKTvtpoBa}{vlfl TeIIJIOBI43HOHHbIX CI4CTeM, aTaK)Ke l1l3]:/IlrcH:Z^fl COOTBeTCTByTOilIT4X

npofpaMMHbIX cpeAcrB npu rpoBeleHvrkr HayrrHbrx r4ccneAosaHuia, BbrrroJrHeHHH
KypcoBux pa6or H AH[noMHbrx rpoeKToB.



4. OcHoBHbIe pe3yJrbrarbl Ancceprar{HoHnofi pa6orrr, B r{acrHocru

npe.4no)KeHl4-fl rlo [paKTI4qecKoMy r{cilorrb3oBaHu}o [porpaMMHofo o6ecneqeHr4fl nnr
npoeKTkrpoBaHkrfl Lr orITI4MH3ar\krLr xapaKTepr4crr4K ran$paxpacHbrx AereKTopoB,
[epeAaHbl Anfl I4crIoJIb3oBaHHq B Accoqraallr4ro paAHooneKTpoHHKr4 Brernarua ilnA
aHaJrv[3a, ynyqtueHH.fl xapaKTepHcTr4r( 14 rrpoH3BoAcTBa H3MepHTeJrbHbrx cr4cTeM Ha

ocHoBe HHTerpa[bHbrx Heoxna](AaeMblx 6orouerpr4qecKr4x rerrJroBbrx AereKTopoB

c rlenbro pacrrrupenkrfl 4vrarra3oHa H IIoBbIIrreHI4l ror{Hocru o6sapy)r{eHlrq o6rercToB.

B xoAe rrpoBeA eHVfl AHccepraIIV oHHbrx HccneA or,aHuir I{aH Ban r{raey

rroAroroBr4Jr n ony6,rruKoBan 10 uayvHblx pa6or, kr3 H:aX 4 crarsu B perleH3r4pyeMbrx

HayqHbrx )KypHanax, 2 ny6nuxar\krrr B Marepuarrax vr c6opHraKax rpy4oB HayqHbrx

xouSepeHqzfr,, 3 regzca AoKnaAoB Ha HayqHbIX xoH$epeHuprflx H I crarrfl B ApyrHX

Hayr{Hbrx H3AaHI,Iflx.

Pe:ynrrarbl AI4cceprarJHoHHbIX I4ccneAoeaHrafr TaK)Ke BHeApeHbr B yue6nrrfi

npouecc xaQe4pu MHKpo- 14 HaHo3JIeKTpoHr4K:a yrrpexA eHVfl o6pa:oBaHufl

<Eenopyccxrail focyAapcrBeHHbrr{ yHr{Bepcr4TeT nHSoprr arkrKr H

paAHo3neKTpoHHKH)).

Cqptraro' qro Aplccepral-lr4oHHafl, pa6ora <<@zguKo-TexHoxorr4qecKr4e MeroAbr

SopnanpoBaHnt HHTerpa[bHbIX rieoxra)KAaeMbrx re[noBbrx AereKTopoB Ha

KpeMHI4H)) rlo ypoBHro rrpoBeAeHHbIX uccneAoeaHrafi H ronyqeHHbrx pe3ynbraroB, HX

uayunofr HoBI43HrI kr ilpaKruqecr<ofi 3Har{HMocrH orBeqaer rpe6on aHLrflM,

npeAbflBrqeMblM K AHccepraIII4fiM Ha coucKaHpre yueuofi creneHu KaH4la4ara

TexHr4rrecKr4x rro cilerlr4arrbHocrr4 05.27 .0I TneploreJrbHafl 3neKTpoHHKa,

paAI4o3neKTpoHHbIe KoMrIoHeHTbI, MHKpo kr HaHo3neKTpoHvrKa) npra6oprr Ha

KBaHToBbIX e$Serrax, a. ee aBTop, 9au Ban tlzey, 3acny)KnBaer rpncyN([eHkrfl eMy

y.renofr creneHr4 KaHAr,rAara rexHr{r{ecKux HayK 3a HoBbre HayrrHo o6ocuoBaHHbre 14

[paKTHqecKI,I 3Har{HMbIe pe3yJIbTaTbI, BKJIIOqa}OqpIe :

- ycraHoBJIeHHbIe B paMKax repMoMexaHr4qecKofo KoMrrbrorepHofo

MOAenI4pOBaH?rr XapaKTepr4cTHK HeOXJraXAaeMbrX TerrJroBbrx AeTeKTOpOB

6oloverpr4LrecKoro rr4na B prHTefpaJrbHoM HcrronHeHtrkr c repMoqyBcrBr4TeJrbHbrM

cJIoeM Ha ocHoBe anrop$uoro KpeMHI4r vr oKcnAa BaHa1vrfl 3aKoHoMepHocru

H3MeHeHvrfl MexaHuqecrofr ilpor{Hocrvr rrvKceJIR, ynyqueHr4e Koropbrx MoN(er 6rrru

AOCTI4IHyTO rryTeM OIIpeAe Irelnurfl, B efo KOHCTpyKrIprr4 OrrruMa[bHbrx guaqeuzfi

uIHpI4HbI kr AnHHbI rIJIer{a, nrr6opa ronrrlr4Hbr kr rvrrra Marepr4 arra

TepMonofnoularcilIefo cJro{, a raK)Ke 3a cr{eT yr{era ocTarorIHbIX MexaHr4qecKr4x

Hailpfl)n esvtit B Ka)r(AoM H3 cnoeB.
- pa3pa6orrcy MeroAI4KH pacqera v xann6poBKu orrrur{ecKzx xapaKTepr4crr4K

Marepr4aJroB TerrJroBofo HeoxJraxAaeMofo AereKTopa 6oroverpuqecKoro rvna

3Har{eHr4e Aefrcreurerrsofi v vurauofi qacrvr KoMrrJreKcHoro rroKa3areJrfl

ilpenoM ileHkrfl, ocHoBasnofi Ha r4crroJlb3oBaHr4n MeroAa Huorosa PaScona,



npHMeHeHHe Koropofi obecnerll4Baer ror{Hocrb KoMrrbForepHoro MoAenHpoBaHHr c

oruz6xofi, He npeBbllxarorqefr 6 % 4.ilfl crreKTpa npoilycKaHr4fl u 3 o Arrfl cneKTpa

orpax(eHkrfl rlo cpaBHeHl4ro c AaHHbIMpI HarypHbrx H3Mepelnuit B 4krana3oHe ArrvrH
BoJrH or 8 Ao 14 nrxna.

- pa3pa6orxy npu6opnofr crpyKrypbl Heoxra)KAaeMoro rerrJroBoro AereKropa
6oloHlerpl4r{ecKoro rkrna, coAep)Kauero naeu6pauy, rroABerxeHHyro Ha paccroflHvrkr

3 Haxna HaA KpeMHueeofi rrJlacrl4nofi Tr4tra KAE- 10, cocroquyrc H3 rrocJreAoBareJrbHo

ocax(AeHHbIX nJIeHoK :avrrpvp.a KpeMHHfl, Hr4xpoMa (repnronornoularoulnfi cnofr)

oKcHAa BaHaAvffi (repntor{yBcrBnTeJrbHufr cnofi), onruMaJrbHbre roJrrrlnHbr H nop{AoK

pacroxolKeHHr Koropbrx oilpeAeJreHbr B paMKax KoMrbrorepHofo MoAenHpoBaHr4fl,

Hc[onb3yt paccr{I4TaHHble c rroMou1bro flpeAnoxeuuofr MeroAr{KH 3Har{eHr4fl

KoMfIJIeKcHoro noKa3areJlfl flpenoM rreHnfl, H cocraBJlflror [nfl HI4)KHero cnor Si:N+ -

70 Hna, croq NiCr - 4 uu, cpeAHero cJror Si:N+ - 200 Hnr, repMoqyBcrBr4reJrbHoro

cJlot VO, 250 sna vr BepxHefo cro.fl Si:N+ 150 utl, o6ecuerrr4Baer Berr{quHbr

cpeAHero H IrHKoBoro r<oeS$raqueura rofJIoilIeHI4 fl B Akrarra3oHe AnHH BoJrH or 8 4o
14 naxu, 0,86 u 0,99 o. e. coorBercrBeHHo.

- pa3pa6orxy vr HHTerpaIII4ro B cocraB KoMrrneKca cxeMHo-To[oJrorr4r{ecKoro

llpoeKT]/IpoBa]Hll1lfl HHTerpzuIbHbIX Mut<pocxeM 6a:osofi 3neKTpuqecxofi MoAeJrr4,

[peAHa3HaqeHuofr !.nfl MareMarHr{ecKofo onvcaHwfl crarHr{ecKHx Lt A]'1'HaMkrqecKHX
xapaKTepI4crI,IK HeoxJla)KAaeMoro rerrJroBoro AereKTopa 6olouerpr,rqecKoro rvrna)

Koropaq orJll4r{aercq yqeroM BrkrflHwfl eS$exra caMoHarpeBa v eosAefi crBvrfl

TeIrJIoBoro IIoroKa ,, Trtra Marepr4 ara repMoilornoilIarculero cnot v o6ecner{HBaer

BO3MO)KHOCTb rrpOBeAeHVfl CXeMOTeXHHT{eCKO|O MOAenHpOBaHI4{ AaHHO|O TVtrA

ycrpofrcre B nporpaMMHbIX KoMrIJIeKcax npoeKTr,rpoBaHHr HHTerpa[bHbrx

M l , l K p o c x e M c o r H o c n r e r r u o f r n o r p e t r r H o c r b r o l u 2 % n o c p a B H e H n r o

c pe3ynbraraMl4 npz6opHoro MoAenzpoBaHkrfl Anfl crarr,rqecKr,rx H I:vrHaMkrqecKHX
xapaKTepr4cTHK cooTBeTcTBeHHO.

Hayuurrfr pyxoBoAureJr b,

npopeKrop no Hayr{nofi pa6ore

yqp e)KA eH:zfl o 6pa: o BaHr4fl, <E enopycc xufi

rocyAapcrBe Hurrfi yHr4 Bepcnrer

ranQ opru arprKvr v pa4vffi n eKTpoH HKr,r )),

KaHAr4AaT TeXHHT{eCKr4X HayK, AOTIeHT B.P. Creunnuxnfi
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