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Ne Bupg geatenbHocTn 1
1 Bcero 3a4eTHbIX eauHUL 4
(KpeauTtoB)
2 | Bcero yvacos 144
3 Bcero 3aHATWIN B KOHTAKTHOM 64
thopme, yac.
Jekuymn, yac. 18
MpakTuyeckKune 3aHATUA, Yac. 36
NabopaTopHble 3aHATUSA, Yac. 0

13 HNX B aKTVUBHOIA 1
VHTEPaKTMBHOI (hopMe, Yac.

ATTecTaums, yac. 2
KoHcynbTaumm, yac. 8
10| CamocTonaTenbHasa paboTa, yac. 80

Buabl camocTosTenbHO paboThl
(KypcoBoi1 NPOeKT, KypcoBas

1 paboTa, PI'3, noarotoBka K KP
KOHTPO/bHOW paboTe)
12| Bug atrectaumu C)

Hosocnbupck 2017



Paboyas nporpamma cocTas/ieHa Ha OCHOBaHWW (pefepasibHOro rocyapcTBeHHOro 06pa3oBaTe/ibHOro
cTaHAapTa BbicLLero obpasoBaHus Mo HanpasneHuio (cneynanbHocTK): 11.04.04 SneKTPoHMKa U
HaHO3/1eKTPOHMKa

&I OC BBefeH B aeinctaume npmkasom Ne1407 ot 30.10.2014 r. , pata yTBepxaeHus: 26.11.2014 r.

MecTo ACUMNINHBI B CTPYKTYpe y4ebHOro nnaHa: 6ok 1, BapuatuBHas, no Bblibopy CTyAeHTa

Pabouas nporpamma paspabotaHa Ha OCHOBE KOMMETEHTHOCTHOM MOAENM BbINYCKHMKA MO HaNpaBieHNIo
(cneumansHocTh): 11.04.04 SNeKTPOHMKA N HAHO3NEKTPOHMKA

Pa6ouasi nporpamma o6cy»/ieHa Ha 3acefjaHnm Kadeapbi

MrvM3, npoTokon 3acefaHna Kadegpbl Ne5 ot 20.06.2017

YTBepX/aeHa Ha coBeTe (paKy/bTeTa PaAMOTEXHUKM U 3N1eKTPOHUKK, NpoTokon Ne 6 o1 21.06.2017

Mporpammy paspaboTan:
cTapwwii npenogasatenb, KanvHuH C. B.
3aBepfytoLnii kadeapoi:

C.H.C., A.(b-M.H. ["alicnep B. A.

OTBETCTBEHHbI 32 06pa30BaTe/bHYI0 NPOrpamMmy:

3aBefytoLmii Kadeapoii Mavicnep B. A.



1. BHelUHwWe TpeboBaHuSA

Tabnuua 1.1

Komnemenyua @IOC: OIIK.1 cniocoGHOCTH IOHUMATH OCHOBHBIE IPOG.IeMbI B

cBoeil mpeaMeTHOI 001acTH,

lelﬁ[lpaTb METO/AbI H CPEACTBA UX PCIICHUS; ¢ Hacmu avedytomuxpezynt:mamoe 06_}7'{61{”}1:

33. 3HaTb TEXHO/OrMYECKNe 0CO6EHHOCTM N3TrOTOBEHNA UHTErPasIbHbIX NMOYNPOBOAHUKOBbLIX PE3UCTOPOB,
CYOMUKPOHHbIX 1 HAHOMUKPOHHbIX TPAaH3UCTOPOB, UCNO/b3yeMbIX B coBpeMeHHbIX CBC n YBUC

Komnemenyun @IOC: OIIK.2 cniocoGHOCTH HCNOIB30BATH PE3YJIbTATHI 0CBOSHHS JUCIUININH IPOTPAMMBI

MAarHCTPATYPbI; 8 4acHU CeOYION{UX Pe3yabmantos 00yUeHusn:

y2. YMETb BbIYMC/IATb OCHOBHbIE MapamMeTpbl COBPEMEHHBIX MOAYNPOBOAHUKOBBIX MHTErMPa/IbHbIX PE3NCTOPOB U

TPaH3WUCTOPOB.

Komnemenyus @I0C: I1IK.2 cnocodHOCTH paspadaThiBaTh d(pPpeKTHBHBIC ATTOPATMBI PelIe st
chopMyTHPOBAHHBIX 3a/12¥ € HCH0/Ib30BAHHEM COBPEMEHHBIX SI3BIKOB IPOrPAMMHPOBAHNSI H 00eceTnBATH NX

NPOrPAMMHYI0 PEATH3ANNIO; ¢ YACHIU CJLEOVIOU{UX PE3YAbmamos ooy enus:

34. 3HaTb (PU3NYECKME OCOBEHHOCTM MONYNPOBOAHMKOBBIX MHTErpasibHbIX PE3UCTOPOB , CYyEMUKPOHHBIX U
HaHOMWKPOHHbIX KMOIMT Ha 06beMHOM KpeMHUM 1 KHU-CTpYKTYpax , BbICOKOYACTOTHBIX TPAH3UCTOPOB Ha

reTepOCTPYKTYpPaX.

y9. YMeTb NMPUMEHATL MaTeMaTMyeCcKoe MOLEeNIMPOBaHUe A4/ aHan3a aneme
HaHOMUKPOHHbLIX CBNC 1 YBUNC

HTHOI 6a3bl Cy6OMUKPOHHBIX 1

2. TpeboBaHus HI'TY K pesynbTataM 0CBOEHUS ANCLUMNIINHbI

Tabnuua 2.1

Pe3ynbTaTbl U3yUYeHUsI ANCLMUMN/INHBI MO YPOBHSAM OCBOEHMS (MMETb
npeacTaBrieHne, 3HaTb, YMeTb, BNafeTh)

®opMbI OpraHnaLmm

3aHATUIN

CnewanbHble rnasbl OU3NKI NONYNPOBOAHNKOBbIX NPMGOPOB

MK.2.34 3HaTb (h1314eCKme 0CO6eHHOCTM MOYNPOBOAHNUKOBBLIX MHTErpasibHbIX Pe3NCTOPOB ,
CYOMUKPOHHbIX 1 HAHOMUKPOHHbIX KMOTIT Ha 06beMHOM KpeMHun n KHU-cTpykTypax ,

BbICOKOUACTOTHbIX TPAH3UCTOPOB Ha reTepocTPyKTypax.

1.006 0CHOBHBIX II.)I/IBI/I‘IGCKHX 0COOEHHOCTIX U MOJEIX JJIsI MUKPO U HAHOCTPYKTYP

Nekuwnu; TpakTnyeckmne 3aHATUS;
CamocTosaTenbHas paborta

2.006 OCHOBHBIX COBPEMEHHBIX IIOIYIIPOBOJHUKOBBIX MUKPO U HAHOCTPYKTYpax

Nekuwnu; MNpakTnyeckme 3aHATUS;

CamocTosaTenbHas paborta

OIlMK.1.33 3HaTb TEXHO/I0rMYECKME 0COBEHHOCTU N3rOTOB/IEHNS MHTErPasibHbIX
NoAynpPoOBOAHNKOBBLIX PE3NCTOPOB, CYOMUKPOHHbIX M HAHOMUKPOHHbIX TPaH3MCTOPOB,

ncnosb3yembix B coBpemeHHbIX CBC n YEUNC

3.0 COBpPEMEHHBIX TEH/[CHITUSX Pa3BUTHUSL (DU3UKH U TEXHOIOTHH HAHOTPAH3UCTOPOB

JNekuwnu; TpakTnyeckmne 3aHATUS;
CamocTosaTensHas paboTa

OrlK.2.y2 ymeTb BbIYUCNATb OCHOBHbIe NapamMeTpbl COBPEMEHHbI
WHTErpasibHbIX Pe3sNCTOPOB N TPaH3UCTOPOB.

X NonynpoBogHUKOBbLIX

4 TonsTuiabiii anmapar (TepMUHOJIOTHIO) TUCITAILIAHBI

Nekuwnu; MNpakTnyeckmne 3aHATUS;

CamocTosaTenbHas paborta

MK.2.34 3HaTb (hM3n4eCcKme 0CO6eHHOCTM MOYNPOBOAHNUKOBBLIX MHTErpasibHbIX Pe3NCTOPOB ,
CYOMUKPOHHbIX 1 HAHOMUKPOHHbIX KMOTIT Ha 06bemMHOM KpeMHun u KHW-cTpykTypax ,

BbICOKOYACTOTHbIX TPAH3UCTOPOB Ha reTepoCTpyKTypax.

5.®Ou3uky HHTErpaTbHBIX HOMYIPOBOTHUKOBEIX PE3HCTOPOB

JNekuwnu; TpakTnyeckme 3aHATUS;
CamocTosaTensHas paboTa

OIMK.1.33 3HaTb TEXHOIOrMYECKME OCOOEHHOCTU N3rOTOB/IEHNS MHTErPasibHbIX
Nno/lynpPoOBOAHNKOBBIX PE3NCTOPOB, CYOMUKPOHHbBIX 1 HAHOMUKPOHHbIX TPaH3MCTOPOB,

ncnosb3yembix B coBpemeHHbIX CBVC n YEUC

6.Duszpky nporecca MUHAATIOPU3AIUN Cy OMUKPOHHBIX M HAHOMUKPOHHBIX

KMOIIT

Nekuymu; MNpakTUYecKme 3aHATUS;
CamocTosaTensHas pabota




MK.2.34 3HaTb (hM314eCcKme 0CO6eHHOCTM MOYNPOBOAHNUKOBBLIX MHTErpasibHbIX Pe3NCTOPOB ,
CYOMUKPOHHbIX N HAHOMUKPOHHbLIX KMOIMT Ha 06beMHOM KpeMHun n KHU-CTpyKTypax ,

BbICOKOYACTOTHbIX TPAH3UCTOPOB Ha reTepoCcTpPyKTypax.

7. @uzuxy KMOIIT Ha HanpspkeHHOM KpeMHUR

JNekuwnu; TpakTnyeckune 3aHATUS;
CamocTosaTenbHas paborta

8. @uzuxy KMOIIT ma KHU-ctpykTypax

Nekumu; MNpakTUYeCKMe 3aHATUS;
CamocTosaTensHas paborta

9.Du3nKy OCHOBHBIX (P PekTOB B cyOMUKPOHHBIX U HAHOMHUKPOHHBIX KMOITT

Nekumu; MNpakTUYecKme 3aHATUS;
CamocTosTenbHas paboTa

10.©u3uKy BEICOKOUACTOTHEIX TPAH3UCTOPOB Ha TeTepolepexojax

JNekupmm; CamocTosTeNnbHas
paboTa

OlMK.2.y2 ymMeTb BbIYMC/IATH OCHOBHbIE MapaMeTpPbl COBPEMEHHbIX MOYMPOBOAHNKOBbBIX

MHTErpasibHbIX PE3NCTOPOB N TPAH3NCTOPOB.

11.YncrieHHO BEIYHCIISATH OCHOBHEBIE nmapaMeTphl MOTYIIPOBOJHUKOBBIX
HHTCI'PAJIbHBIX PE3UCTOPOB

Nekuymu; MNpakTUYecKme 3aHATUS;
CamocTosTenbHas paboTa

12.YucneHHO BEMHUCIITS OCHOBHBIE ITapaMeTpsl coBpeMeHHbIX KIMOIIT

Nekumn; MNpakTUYecKme 3aHATUS;
CamocToaTenbHas paboTa

MK.2.34 3HaTb (h1314eCKme 0CO6eHHOCTM MOYNPOBOAHUKOBBLIX MHTErPasIbHbIX PE3NCTOPOB ,
CYOMUKPOHHbIX 1 HAHOMUKPOHHbIX KMOTT Ha 06beMHOM KpeMHun 1 KHU-cTpykTypax ,

BbICOKOYaCTOTHbLIX TPAH3UCTOPOB Ha FrETEPOCTPYKTYpPax.

134AHaHIIBHpOBaTB T PUHITAIIBI JIeUCTBUS BBICOKOCKOPOCTHBIX HaHOMUKPOHHBIX
TPaH3UCTOPOB C IMIOMOIIBIO 30HHBIX AUarpaMMm

Nekumu,; MNpakTnYecKme 3aHATUS;
CamocTonTenbHas paboTa

MK.2.y9 ymMeTb NPUMEHSITb MaTeMaTUYECKOe MOJE/IMPOBaHVe /15t aHa/IM3a 3/1EMEHTHOIA

6a3bl CYyOMUKPOHHbLIX 1 HAHOMUKPOHHBLIX CBENC n YBNC

14 1IprveneHus: MaTeMaTAIECKUX MOJIeNel Uil aHatu3a saeMeHTHoH 6a3sr CEUC
u YEHUC

Nekumn; MNpakTUYecKme 3aHATUS;
CamocToaTenbHas paboTa

3. CofiepxkaHuve 1 CTPYKTypa yu4ebHOM ANCLUNIIHDI

Tabnuua 3.1
CcbINKN Ha
o AKTUBHbIE
Tembl nekuumn Yacbl pe3ysibTaThbl YyebHas aesiTeNlbHOCTb
hopMblI, yac.
0byyeHus

Cemectp: 1

AnpakTnyeckas egmHnLa: dusmkKa MHTErpasibHbIX NOMYNPOBOAHUKOBLIX PE3UCTOPOB

1. MonynpoBoAHNKOBBIE
pe3nctopbl. KOHCTPYKUMSA, Mogenb 0 2 1,11,14,2,4,5
N napameTpbl

MonynpoBOAHUKOBbIE
ANPPY3NOHHBIE PE3NUCTOPDI.
KOHCTpyKUWS, MOgenNb 1
napameTpbl AUQPQY3NOHHBIX,
M1EHOYHBIX W MUHY-PE3VCTOPOB.
3(hheKT WPUHBI B
NHTerpanbHbIX ANQdY3NOHHbIX
1 NOMOCKOBbLIX PE3NCTOpaX.
TemnepaTypHas
4yBCTBUTENIbHOCTb
MoJTyNPOBOAHUKOBbIX
pe3ncTopoB. JlazepHas NOAroHKa




2. OKCnepuMeHTasIbHble METOANKN
N TECTOBble CTPYKTYpPbI ANA
noslynpoBOAHWKOBbLIX PE3NCTOPOB

1,11,14,2,4,5

TecToBas CTpyKTypa 1
MeTOLMKa HaxoxaeHus Rs n

3 PEKTUBHON LLNPWHBI
MOJI0CKOBOr0 pe3ncTopa.
UeTbIpex30HAO0BbI METOS,
Banbgeca. dnekTpomsnyeckoe
060CHOBaHWe
UeTbIPEX30HA0BOr0 MeToja.
MeTog BaH gep May. CTpykTypa
"rpeyeckuii Kpect" un ee
npevMyLLecTBa nepes,
MOIOCKOBOW CTPYKTYPOIA.
KOHTaKTHOe conpoTuBeHune
pesncTopa 1 ConpoTUB/IEHNS
pacTekaHus. Pe3ucTopsl
KenbBurHa. KOHCTpyKUMA,
napameTpbl, HasHayeHue.

3. MeToabl MoAennpoBaHna n
pacueTa nonyrnpoBOLHUKOBBIX
pe3ncTopos

1,11,14,2, 4

KoathpuumeHT hopmbl
HEemnosI0CKOBOro
TOHKOIM/IEHOYHOr 0 pe3ncTopa u
MOJIOCKOBOTO CO C/IOXHbIMU
KOHTakTamu. Mogenb
TOHKOIM/IEHOYHOr 0
0JHOPOLHONErMPOBAHHOIO
MOJIOCKOBOrO pe3ncTopa co
CNOXHbIMN KOHTaKTamu.
MprMeHeHVe MeToaa
KOH(OPHbIX OTOBpaXKeHWi ans
Hax0oXeHNs CONMPOTUBIEHUA
TOHKOIM/IEHOYHOr 0 pe3ncTopa
C/IOXHOW hOpMbI.

OnpakTnyeckas eanHmua: Pusmka MMHMaTOpm3aLnmn CyoMMKPOHHbIX U HAHOMUKPOHHBIX KMOMT

4. KMOTI1-TexHonoruu

1,12,14,2,3,
4,6

RNIVIUT T-TEXHUJTOT VI, SARUH
Mypa 1 Tpy COBPEMEHHbIX MyTH
passutna KMOTI1-TexHonornu.
Mogens LLinxmaHa-Xogxeca u
ee "uepHsblin AWMK". Mpouecc
MUHMaTIOPU3aLMN U ero

BANAHWE Ha NapaMeTpbl
KNANAT

5. OCHOBHble 0CO6EHHOCTU
npoLiecca MUHMATIOPU3aLIm

Komnpomuccel
MUHMaTIOpU3aLMn. 3aBUCUMOCTb
rpaHuyHol yactoTel KMOMT ot
KOHCTPYKTUBHO-TEXHONOTMYECK
nx napameTpoB. OCHOBHbIE
KOHCTPYKTUBHO-TEXHONOMMYECK
1e cnocobbl yBeNNYeHus
6bicTpoaeincTaus KMOMMT.
MpaBuna OeHHapTa U CKEANNHT
napameTpos. CBs3b
macluTabupoBaHus no [eHHapTy
C athcheKTaMmn CUNbHbIX NONENA.
OCHOBHble Npo6siembl
MUHMaTIOpU3aLmMm
MEXCOEANHEHWIA.

AvpakTnyeckas eguHmga: ®usuka n texHonorna KMOTT Ha HanpsaXXeHHOM KpeMHUK




6. PU3nYecKme 0CHOBbI
Hanpsa>XeHHoro KpemHuA

1,12,13, 14, 2,
3,4,7

HanpsieHHbIN KpeMHUIA,
rMApPOCTaTUYECKOe CXKaTue u
ekt CmuTa. BnunsiHue
aHW30TPOMHbIX MEXaHNYECKNX
HanpsHXKeHW Ha CTPYKTYPY 30HbI
NPOBOAMMOCTY B KpeMHUu. PocTt
NOABWXHOCTMN 3/1EKTPOHOB.
BnvsHme aHW30TPONHbIX
MeXaHNYeCKNX HaNpsHKeHUA Ha
CTPYKTYPY BaJIeHTHOM 30HbI B
KpeMHWW. POCT NOABUXHOCTM
AblpoK. OcobeHHocTM KMOMT
Ha Hanps)XeHHOM KPeMHU

7. TeXHONMOrMmM Hanps»KeHHOro
KpPeMHMSA

1,12,14, 2, 3,
4,7

TEXRUJTOT VT HATTAREHHOT U
KPeMHMA 1 NOKOSEHMS.
OCHOBHbIe UCTOYHWNKN
MeXaHNYeCcKnx
HanpshkeHuiA(cTpeccopsl) B
TEXHO/IOMUSAX 2 NOKOJIEHUS.
HanpsxeHHble KMOIMT,
N3rOTOB/IEHHbIE MO TEXHOMOMK
cap-cnost (CELS).
Hanps»keHHble MOIMT,
N3rOTOB/IEHHbIE MO TEXHOOMMN
C 3anOMUHaHVEM
HanpskeHns(STM) KMOIMT,
N3rOTOB/IEHHbIE MO TEXHO/IOMMN
HanpsH>KeHHbIX NCTOK/CTOKOB
(embedded). Kom6rHMpoBaHHbIe
TEXHOJIOMMN HaMNPSXKEHHOT 0

[ViaYaY\ VIRIV Tal

AnpakTtndeckan egnHmya: dumsmka n texHonorna KMOIMT Ha KHU-cTpyKTypax

8. KMOIMT Ha KHW-cTpyKTypax

OCHOBHble 0CO6EHHOCTY
KMOTIT Ha cTpykTypax KHW.
AhhekT "3aLLeKmMBaHNA" B
cTpyktypax KMOIT Ha
06bEMHOM KPEMHUN.
AneKTpohn3nyeckme
0CO6EHHOCTM YaCTUYHO M
MOMHOCTbIO 06eAHEHHBIX
KMOIT Ha ctpykTypax KHIA.
MHorosaTsopHble KMOTT
(FinFET).

9. OCHOBHbIe TEXHO/IOTMK ANA
KHW-cTpykTyp

1,12, 14, 2, 3,
4,8

TexHonorua SIMOX gna KHW.
LJOoCToMHCTBA M HeJOCTaTKMW.
TexHOMorms cpamBaHms
nnactmH (SMART CUT).
[loCTOMHCTBA M HELOCTATKM.
Menkas TpaHLUeliHas n3onauus
B KHW cTpykTtypax (STI).
I"ny6okas TpaHLueliHas
n30N19UMA B CTPYKTYpax Ha
06beMHOM KpemHum (DTI).
Bosch-npouecc

AnpakTuueckas eguHuLa: OCHOBHbIE (nsnyeckme saheKTbl B CYBMUKPOHHBLIX M HAHOMUKPOHHbIX

KMOMNT




10. M'eomeTpUYECKME N TOKOBbIE
appekTsl B KMOMT

1,12, 13, 14, 2,
3,4,9

KopoTkokaHanbHbIA 3deKT
MOPOroBOro HamnpsXXeHus
Mapa3nTHbIE TOKOBbLIE APDEKTHI
KOPOTKOrO KaHasa.

11. ShheKTbl CUNbHbLIX NONeN B
KMOMNT

1,12, 13, 14, 2,
3,4,9

AdeKTbl CMLHBLIX MOl B
MOTIT: ropsaune 3neKTPOoHbI 1
NaBMHHOE YMHOXEeHMe, TOK B
NoAIOXKKY, CHWXEHMWe bapbepa
Ha UCTOKe, 6VNONAPHBIVA U
kink-aththekTbl. MeToabl
TEXHO/IOMMYECKOW ONTUMM3aLUn
CTPYKTYpPbl UCTOK-CTOKOB
KMOTT ¢ uenb CHMKeHWS
3(pheKTOB CUIbHBIX NOMel

Anpaktundeckan egnHmya: dusmny

TPaH3UCTOPOB

eCcKune ocobe

HHOCTU

N CTPYKTYPbl BbICOKOYACTOTHbIX

12. ®un3unKa BbICOKOYACTOTHbIX
TPaH31CTOpPOB

1,10, 12, 13,
14,2,3,4

dusmyeckue npoLecchl B
reTeponepexopax.
[CeTepoCTPyKTYpHbIe
OMNoNApHbIE TPAH3UCTOPbI
(HBT). Bapu3oHHble
retepobmnonapHole
TpaH3ncTopsl ¢ Si-Ge 6a3oi.
TpaH3nCTOpPbI C BLICOKOW
MOZABMXXHOCTbIO 3/1EKTPOHOB
(HEMT).

Tabnuua 3.2

TeMbl MPaKTMUYECKNX 3aHATUIA

AKTUBHbIE

Yacbl

(hopMblI, yac.

CcbINIKN Ha
pe3ysibTaThbl
00yyeHus

YyebHas aesiTeNlbHOCTb

Cemectp: 1

AnpakTnyeckas egmHnLa: dusmkKa MHTErpasibHbIX NOAYNPOBOAHNUKOBLIX PE3UCTOPOB




1. KOHCTpyKUMA, MOgesnb 1
napameTpbl NOYNPOBOLHUKOBBIX
WHTErpasibHbIX Pe3XCTOPOB

12

1,11,14,2,4,5

KOHCTpyKUWS, MOgenNb 1
napameTpbl ANG¢Y3NOHHbIX,
NIEHOYHbIX U NMUHY-PE3UCTOPOB.
SddeKT WHpKHLI B
NHTErpasnbHbIX AUQQY3NOHHBbIX
1 NOMOCKOBbLIX PE3NCTOpaX.
TemnepaTypHas
YyBCTBUTENbHOCTb
MoJTyNpPOBOAHUKOBbIX
pe3ncTopos. KoapduumeHT
(hopMbl HEMNONOCKOBOIO
TOHKOIM/IEHOYHOr O pe3ncTopa u
MOJIOCKOBOTO CO C/IOXHbIMU
KOHTakTamn. Mogenb
TOHKOIM/IEHOYHOr 0
0fHOPOLHO/IErMPOBAHHOIO
MOJIOCKOBOrO pe3ncTopa co
CNOXHbIMU KOHTaKTaMMu.
MprmeHeHne MeToAA
KOH(OPHbIX OTO6PaXKeHWn ans
Hax0oXeHWs CONPOTUBIEHUA
TOHKOIM/IEHOYHOr 0 pe3ncTopa
CNOXHOW (hopMbl. TecToBas
CTPYKTYpa U MeTOAMKA
HaxoXaeHns Rs 1 a(hheKTUBHOW
LUMPUHBI NOMIOCKOBOIO
pesncTopa. YeTbIpex3oHL0BbIi
MeTo[ Banbaeca. TecToBas
CTPYKTypa U MeToAuKa
HaxoXaeHnsa Rs 1 athheKTUBHOWA
LLUMPWHBI NOMOCKOBOrO
pe3vcTopa. YeTbIpex30HAO0BbI
mMeTof Banbpeca.
DneKTpodnsnyeckoe
060CHOBaHue
YeTbIPEX30HLOBOIO MeTOAA.
MeTog BaH gep May. CTpykTypa
"rpeyveckunii Kpect" n ee
MpevMmyLLIeCTBa Mepes,
MOMOCKOBO CTPYKTYPOIA.
KOHTaKTHOe conpoTuB/eHne
pesncTopa v ConpoTUBIEHUS
pacTtekaHus. Pesuctopsl
KenbBUHa.

AnpakTnyeckas eguHmua: Pusmka MMHMaToOpm3aLnm CyoMMKPOHHbIX U HAHOMUKPOHHBIX KMOMT

2. CoBpeMeHHble MUKPO- 1
HaHOKMOIT

12

NIVIUTT=-TEXHUJTUT VIV, SARUH
Mypa 1 Tpy COBPEMEHHBIX NyTU
passutna KMOIT-TexHonoruu.
Mogenb LLinxmaHa-Xogxeca u
ee "yepHblin AwmK". Mpouecc
MWUHMATIOpU3aLnn 1 ero
B/IMSIHWME Ha napameTpbl
KMOTMT lMpasuna JeHHapTa u
CKeNNVHI napameTpoB.
Komnpomuccel
MUHMaTIOpU3aL 1. 3aBUCUMOCTb
rpaHn4Hol yactoTel KMOMT ot
KOHCTPYKTVBHO-TEXHOMOMMYECK

M aananMoaTnAan.

Anpaktundeckan eguHmuya: dumsmka n texHonorna KMOIMT Ha HanpsaXXeHHOM KpeMHUKn




Hanpsi)XeHHbIA KpeMHUIA,
rMAPOCTaTUYECKOe CXKaTue u
ahdpekT CmuTa. BnunsHme
aHW30TPOMHbIX MEXaHUYECKMX
HanpsHKeHW Ha CTPYKTYPY 30HbI
NMPOBOAMMOCTY B KPeMHUW. PocT
MOLBVXHOCTMN 3/1EKTPOHOB.
BnvsHme aHU30TPOMHbIX
MeXaHNYeCKNX HanpsHKeHUA Ha
CTPYKTYPY BaJIeHTHOW 30HbI B
KpeMHWW. POCT NOABUXHOCTM
Ablpok. OcobeHHocTn KMOIMT
Ha HanpsXXeHHOM KpeMHMWW.
TexHOM0rMn HanpsKeHHOro
KpemHus 1 1 2 NOKONEHWI

3. KMOTIT Ha HanpsXeHHOM 1,12, 13, 14, 2,
KpemMHUn 3,4,7

Anpaktndeckan egnHmuya: dumsmka n texHonorna KMOIMT Ha KHU-cTpyKTypax

OCHOBHble 0CO6EHHOCTH
KMOIT Ha ctpykTypax KHI.
AhhekT "3aLekMBaHNA" B
cTpykTypax KMOIMT Ha
06bEMHOM KPEMHUN.
AneKTpogusnyeckmne
0COBEHHOCTM YaCTUYHO M
MOJTHOCTbIO 06eHEHHBIX
KMOTIT Ha cTpykTypax KHW.
MHoro3aTtsopHble KMOIMT
(FinFET)

4. KMOIMT Ha KHU-cTpyKTypax 0 6

4. CamocTtosaTe/lbHaa paboTa oby4atroLerocs

Ccbinku Ha
o Yacbl Ha Yackl Ha
Ne Buabl caMoCTOATE/IbHON paboThbl pesynbTaThl
BbIMNOJTHEHWE |KOHCY/IbTaLnn
06y4eHus
Cemectp: 1
1 |Kypcosas pabota 11,12, 13 12 |O

Pa3paboTKa KypcoBOro npoekta: [BymepHOe MoaennposaHue TpaHaucTopoB B TCAD MicroTec :
METOAMYECKOe PYKOBOACTBO MO KYPCOBOMY MPOEKTNPOBaHUIO ana 4 Kypca PO®d no HanpasneHnam 210100
- DNeKTPOHMKA U MUKPO3NeKTpoHMKa 1 210600 - HaHoTexHonorus / Hosocu®. roc. TexH. yH-T ; [cocT.: E.
A. Makapos n ap.]. - Hosocnbupck, 2009. - 83 ¢. : un., Tabn.. - Pexxum goctyna:
http://elibrary.nstu.ru/source?bib_id=vtls000121588

2 |lNoArotoBKa K 3aHATUAM |10, 56,7,8,9 |40 |O

PaboTa C KOHCMEKTOM JIeKLMIA 1 peKOMeH0BaHHOM nTepaTypoli @ [ByMepHOe MOAeNMpoBaHue
TpaH3ncTopos B TCAD MicroTec : METOAMYECKOE PYKOBO/CTBO MO KYPCOBOMY NMPOEKTUPOBaHUIO ANns 4
Kypca P3® no HanpasneHnsam 210100 - SneKTPOHMKA U MUKPO3NEKTPOHMKa 1 210600 - HaHoTexHonorus /
HoBocub. roc. TexH. yH-T ; [cocT.: E. A. Makapos 1 gp.]. - HoBocnbupck, 2009. - 83 ¢. : un., Tabn.. -
Pexxum poctyna: http://elibrary.nstu.ru/source?bib_id=vtls000121588

3 |ﬂ,ononH|/|Teanaﬂ yyebHas AesTeNbHOCTb |1, 2,3 |4 0

PaboTa ¢ MHOCTPaHHOM N1TEpaTypoii U NybnnKaumsMmn u3 MHTepHeTa: [ByMepHOe MOAENMPOBaHMe
TpaH3ucTopos B TCAD MicroTec : METOAMYECKOE PYKOBOACTBO MO KYPCOBOMY MPOEKTUPOBaHUIO 415 4
Kypca PO® no HanpasneHuam 210100 - Dn1eKTpoHMKa M MUKPO3NeKTpoHMKa 1 210600 - HaHoTexHonorus /
HoBocKb. roc. TexH. yH-T ; [cocT.: E. A. Makapos u ap.]. - HoBocmbupck, 2009. - 83 ¢. : un., Tabn.. -
Pexxkum goctyna: http://elibrary.nstu.ru/source?bib_id=vtls000121588

1,10, 11, 12,
4 |lMoaroToBKa K aTTectauuu 13,14,2,3,4, |24 8
56,7,8,9




MoaroToBKa K 3almTe TeM (AWMAAKTUYECKUX eanHnL,: [ByMepHOe MmoaenunpoBaHme TpaHsucTtopos B TCAD
MicroTec : MeTOAMYECKOe PYKOBOACTBO MO KYpPCOBOMY NPOEKTUPOBaHMIO Ans 4 kypca PO® no
Hanpas/ieHnam 210100 - DneKTPOHMKA M MUKPO3/eKTpoHMKa 1 210600 - HanoTexHonorus / Hosocwmb. roc.
TeXH. YH-T ; [cocT.: E. A. Makapos 1 ap.]. - HoBocnbupck, 2009. - 83 ¢. : un., Tabn.. - Pexxum goctyna:
http://elibrary.nstu.ru/source?bib_id=vtls000121588

5. TexHonorns obyyeHuns

[nsi opraHm3aLmy ¥ KOHTPO/IS CaMOCTOSTe/NIbHOV PaboThl 06YUaKOLLIMXCS, @ TAKXKEe NPOBEAEHNS
KOHCYNbTaLMiA MPUMEHATCSA MHDOPMaLOHHO-KOMMYHUKALMOHHbIE TEXHOMOrMK (Tabn. 5.1).

Tabnmua 5.1
[eaTenbHOCTb VIH(hopMaLMOHHO-KOMMYHUKALMOHHbIE TEXHOIO K

VHdopmupoBaHme e-mail
KoHcynbT1poBaHue e-mail
KoHTpOsb e-mail
PasmeLLeHmne yuyebHbIX :

e-mail
martepuasion

6. MpaBuna aTTecTaunm obyyaroLmMxcsa No y4ebHo agucumnianHe

[na aTTecTaymm obyvatoLmMxcs No AUCUUNINHE UCNO/b3yeTCs 6anNbHO-PEMTUHIOBas CUCTEMA
(BPC), no3sonsoLLas BbICTaBNATb OLEHKM MO TPaanLUMOHHON LwKane n 15-ypoBHeBoit ECTS.
Kpatkas nHpopmauums o bPC npvseseHa B 1a6. 6.1.

Tabnuua 6.1
MUH. o
OLlleHI/IBaEM blé BUAbl AEATENBHOCTU o6yqarou_|,|/|xc;| 6an MakcmanbHbIN 6ann

CemecTtp: 1
[onoanumenvhas yueOHas OesameabHOCHb. 6 12
Jlexyusa: 2 4
17  PAKMUYCCKUE 3AHAMUA. 22 44
KprOGCIﬂ pa boma: Utoro 0 100
KoHTponupytoLmre MaTepuansl (CNMCOK BOMPOCOB) NPUBOAATCA B “"[jByMepHOe ModennpoBaHue TpaHaucTopos B TCAD MicroTec : MeTOAWYeCKOe PYKOBOACTBO MO
KypCOBOMY NPOEKTUPOBaHUIO 4N18 4 Kypca PA® no HanpasneHuam 210100 - SneKTpoHMKa 1 MUKPO3NeKTpoHuKa n 210600 - HaHoTexHonorus / HoBocwG. roc. TexH. yH-T
; [cocT.: E. A. Makapos v ap.]. - HoBocu6upck, 2009. - 83 c. : un., Tabn.. - Pexkxum goctyna: http://elibrary.nstu.ru/source?bib _id=vtls000121588"
Oxzamen: 20 40

KoHTponmpytoLme MaTepuasbl (CAUCOK BOMPOCOB) NPUBOAATCA B "'[lByMepHOe MofiennpoBaHue TpaHsucTopos B TCAD MicroTec : MeToAMYecKoe pyKOBOACTBO Mo
KypCOBOMY MPOEeKTVPOBaHuio Ans 4 kypca PA® no HanpasneHuam 210100 - SneKTPOHMKA N MUKPO3NIeKTPOHMKa 1 210600 - HaHoTexHonorus / HoBocub. roc. TexH. yH-T
; [coct.: E. A. Makapos v ap.]. - HoBocu6upck, 2009. - 83 c. : un., Tabn.. - Pexum gocTyna: http://elibrary.nstu.ru/source?bib id=vtls000121588"

B Tabnuue 6.2 npecTaBieHO COOTBETCTBIE POPM KOHTPO/S 3asiB/IsieMbIM TPE6OBAHUAM K
pe3ynbTaTaM OCBOEHMS AUCLUNNHBI.

Tabnunua 6.2
Kogpl Dopmbl
KOHTpONS
KoMneTer PesynbTaTbl 00yyeHUA p
L 3awmTa 3
®roc KryKp |72

33. 3HaTb TEXHO/IOrMYECKMEe OCOBEHHOCTM U3rOTOBNEHNUS UHTErPa/ibHbIX MOTYNPOBOLHNKOBbIX
OlK.1 |pe3ncTopos, Cy6MUKPOHHBIX 1 HAHOMUKPOHHBIX TPAH3UCTOPOB, UCMOJb3YEMbIX B +
coBpeMeHHbIX CBENC n YBENC

OMK.2 y2. YMETb BbIYMC/ISITE OCHOBHbIE NapaMeTpbl COBPEMEHHbIX MOJTYNPOBOAHUKOBbIX
"® |MHTerpasbHbIX PE3NCTOPOB 1 TPAH3UCTOPOB.




34. 3HaTb (M3MYECKMe OCOBEHHOCTM NOJYMNPOBOAHUKOBBIX MHTErPasIbHbIX PE3VUCTOPOB
MK.2 |CcyOMUKPOHHBIX U HAHOMUKPOHHBLIX KMOIMT Ha 06beMHOM KpeMHun 1 KH-cTpykTypax , +
BbICOKOYACTOTHBIX TPAH3UCTOPOB Ha reTepoCcTPyKTypax.

y9. yMETb NPUMEHSTb MaTEMATUYECKOE MOAENIMPOBaHME A4S aHam3a 3/1EMEHTHO 6asbl
CYOMUKPOHHBIX ¥ HAHOMUKPOHHBLIX CBEVC 1 YBUC

®OH/, OLIEHOYHbIX CPEACTB MO AMCLIMMINHE NPeACTaBNEH B NPUNoXeHUn Ne 1 K paboueit
nporpamme.

7. lutepatypa

OcHoBHasa nmMTepaTypa
1. 3e6pes I'. 1. ®usuueckue OCHOBBI KPEMHHEBOM HAHOMJIEKTPOHUKH | yueOHoe rmocodue / I'. .
3ebpeB. - M., 2011. - 240 c. : un., cxembl

2. Maptunec-Jlyapr /1. M. HaHOTEXHOIOTHM [AJ1T MUKPO- U ONITO3JIeKTPpOHUKH / J7x. M.
Maprunec-yapt, P. [Ix. Maptun-Ilanma, ®@. Arynno-Pyena ; iep. ¢ aurn. A. B. XauosiHa : o
pen. E. b. Axumosa. - M., 2009. - 367 c. : un.

3. Crapocensckuii B. M. @usnka noaynpoBOIHUKOBEIX TPUOOPOB MUKPOAIEKTPOHHUKH : yaeOHOe
nocodue [nys By30B 1o HanpasieHuto 210100 "DnexkTponrka u Mukpodsiektponnka'] / B. H.
Crapocenbsckuii. - M., 2011. - 463 c. : un., Tabn.

[lononHnTenbHas iMTepaTypa

1. Olyp M. C. ®u3suka nonynpoBoaHukoBeix mpubopos. Ku. 1 : B 2-x ku. Ilep. ¢ anrn.. - M.,
1992. - 479¢. : nn.

2. Nano-CMOS Design for Manufacturability : Robust Circuit and Physical Design for sub-65 nm
technology nodes / Ban Wong [et al.]. - Hoboken, NJ, 2009. - XV, 385 p. : ill.. - Ilep. 3aru.:
Hano-CMOS npoekTupoBaHUe ¢ Y4eTOM TeXHOJIOIHIHOCTH.

3. Hull R. Into The Nano Era [electronic resource] : : Moore's Law Beyond Planar Silicon CMOS //
edited by Robert Hull, Jurgen Parisi, R. M. Osgood, Hans Warlimont, Howard R. Huff. - Berlin,
Heidelberg :, 2009. : v.: digital // Springer eBooks. - Pexxum nocryma:
http://dx.do1.0org/10.1007/978-3-540-74559-4

4. MapTromos K. 1. Mertoznet pacuera pesuctopor / K. M. Mapriomos, FO. B. 3aiiues, A. 1.
Tuxonos. - M., 1971. - 206, [1] c. : un.

VIHTepHeT-pecypchbl
1. 3BC HI'TY : http://elibrary.nstu.ru/

2. OBC «MznmarensctBo Jlaney : https://e lanbook.com/
3. OBC IPRbooks : http://www.iprbookshop.ru/

4. 9BC "Znanium.com" : http://znanium.com/

5.

8. MeToanyecKoe 1 NPorpammMHoe obecredeHue

8.1 MeToaun4yeckoe obecneyeHne

1. /Ieymeproe monenupoBanue Tpausuctopos B TCAD MicroTec : MeTomuueckoe pyKOBOACTBO 10
KypCOBOMY IpoeKTHpoBaHuto mjist 4 kypca PO® no manpasnenusm 210100 - DnekTpoHuka u
mukpodiekTporuka u 210600 - Hanorexunonorust / HoBocu®. roc. TexH. yH-T ; [cocT.: E. A.
Makapoes u ap.]. - Hopocubupck, 2009. - 83 c. : wi., Tabm.. - Pexxum mocryra:
http://elibrary.nstu.ru/source?bib_1d=vtls000121588




1 MathCAD

8.2 CreunannsnpoBaHHOe NporpammHoe obecrneyeHune

9. MaTtepuranbHO-TEXHMYECKOE 06ecneveHme

KomnbloTepHbIii Knace

Ne

HanmeHoBaHue

Ha3HaueHue

1

KomnbtoTepHbI Knace (KomnbioTepsl
00befJMHeHbI B /TIOKa/IbHYH CETb C BbIXOLOM B

Internet )

Vicnonb3yeTtca Ans NPaKkTUYeCcKMX 3aHATUA




denepanbHOE rocy1apcTBEHHOE OI0KETHOE 00pa30BaTENbHOE YUPEXKICHHE
BBICILIETO OOpa3oBaHUs
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®OH/I OHEHOYHBIX CPEJICTB
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ObpazoBarenbHas nporpamma: 11.04.04 DnekTpoHUKA U HAHOIJIEKTPOHUKA, MarucTepcKas
nporpamMmma: MUKpo- 1 HAaHOBJIEKTPOHUKA

HoBocubupck 2017



1. OO000meHHas1 CTPYKTYPA (POHIA OLEHOYHBIX CPEICTB YUeOHOM THCUMILINHBI
O060061meHHass cTpykTypa (QoHJa OIEHOYHBIX CpeAcTB Mo auciuiuiiHe CrnenuaiabHble TJIABBI
(u3uKu mosrynpoBOAHUKOBBIX NPUOOPOB NpuBeacHa B Tabnule.

Tabnuna
JTanbl OHEHKH KOMIeTeHIMii
IHoxa3zarenn
c()OPMHPOBAHHOCTH Meponpusitust
Popmupyemsie KOMIIeTeHIuii TeMmbI TeKyIIero IIpomeikyTouHast
KOMITETeritH (3HaHMs, yMeHUsl, KOHTPOJIS aTTecTanus (3K3aMeH,
HABBIKH) (kypcoBoii mpoexT, 3a4eT)
PI'3(P) u np.)
OIIK.1 ciocoGHOCTE |33. 3HATH Junaktinaeckas equHAa:2 Kypcosas pabora |Dk3aMeH, BOIPOCH 10
MOHMMAaTh OCHOBHBIE |TEXHOJIOTHYECKNE ®u3nka MUHHATIOPU3AINT TemaM: «Duznka
poOJIEeMBI B CBOGH | OCOOCHHOCTH CyOMHKpPOHHBIX H MUHHATIOPA3ALNT
MIpeIMETHOM HU3rOTOBJIEHUS HaHoMuKpoHHBEIX KMOIIT 2.2 CyOMHKpPOHHBIX 1
obJsiacTu, BEIOMpaTh | MHTErPabHBIX CoBpeMeHHbBIE MUKPO- 1 HaHOMUKPOHHBIX
METOJIbI U cpelcTBa |noaynpoBoaHUKOBBIX |HAHOKMOIIT 2.4 KMOII- KMOIIT», «®u3uka u
UX pELICHHUs PE3UCTOPOB, TexHoJoru:u 2.5 OCHOBHBIE texHosorust KMOIIT
CyOMUKPOHHBIX U 0COOEHHOCTH IpoIiecca Ha HaIpsHKEHHOM
HaHOMHUKPOHHBIX MUHHATIOPU3ALHUN KpeMHHW», «DH3nKa 1
TPaH3UCTOPOB, Hunaxktrueckas equHuIa:3 texHonoruss KMOIIT
HCIOJIb3YEMBIX B ®usuka u Texnonorus KMOIIT Ha KHHM-cTpykTypax»,
coBpemeHHbIXx CBUC |Ha HanpsbkeHHOM KpeMHuu 3.3 «Duznueckue
u YBUC KMOIIT Ha HanpsikeHHOM 0COOCHHOCTH U
KpeMHHH J{unakTiudeckas CTPYKTYPBI
enuHnLa:4 Ousnka u BBICOKOYACTOTHBIX
texnonorust KMOIIT na KHU- TPaH3UCTOPOB.

ctpykrypax 4.4 KMOIIT na
KHU-cTpykTypax
Junaxkruueckas eauHULA:S
OcHoBHbIE (pH3nUECKUE

3¢ PeKThl B CyOMUKPOHHBIX
HaHoMHKpoHHEIX KMOIIT 5.10
I'eomeTpuueckre U TOKOBBIE
a¢¢pextsr B KMOIIT
JnmakTHdeckas equHHIA:6
duznyeckre 0cOOCHHOCTH U
CTPYKTYPBI BEICOKOUACTOTHBIX
TpaH3ucTopoB 6.12 dusuka
BBICOKOYACTOTHBIX
TPaH3UCTOPOB

OIIK.2 ciocoGHOCTE

y2. yMETh BBIYHUCIATH

Jnnaxktrueckas equHuUIa: 1

Kypcosas pabora

DK3aMeH, BOIIPOCHI 110

HCTIONBb30BaTh OCHOBHBIE Ou3nKa HHTETPATBHBIX temam: «Du3nka
pe3yIabpTaThI apaMeTpsl TTOJTYTTPOBOTHUKOBBIX HMHTETPaTbHBIX
OCBOCHHUS COBPEMEHHBIX pesuctopos 1.1 Korcrpyxkims, MOJTYTIPOBOTHUKOBBIX
JUCTIATUTHH MTOJTYTIPOBOTHUKOBEIX |MOJIENb U MTapaMeTPHI pe3ucTopoBy, «Dusuka
TIPOTPaMMBI HMHTETPaIbHBIX TTOJTYTIPOBOTHUKOBBIX MUHHATIOPA3ALNT
MAarucTpaTypbl PE3UCTOPOB U HHTErpanbHbIX pe3ucTopoB 1.1 CYOMUKPOHHBIX U
TPaH3UCTOPOB. [omynpoBoHUKOBEIE HaHOMHUKPOHHBIX
pesuctopsl. Koncrpykius, KMOIIT», «®u3uka u
MOJieNnb U napameTpsl 1.2 texHosorust KMOIIT

OKCHepUMEeHTAILHBIE METOIUKHI
U TECTOBBIE CTPYKTYPBI JUIs

Ha HAIPSI’KEHHOM
KpEMHHNY, «Pu3uka u

TIOJIYITPOBOHUKOBBIX texHonoruss KMOIIT
pe3uctopoB 1.3 Metoisl Ha KHM-cTpykTypax»,
MOJEJIMPOBAHUS U pacyeTa «Dusnueckue
MI0JIyIIPOBOIHUKOBBIX 0COOEHHOCTH U
pe3ucTopoB Junaktuueckas CTPYKTYpBI

eauHuna:2 dusuka BBICOKOUYACTOTHBIX
MUHHUATIOPU3ALUU TPAH3UCTOPOBY.

CYOMHUKDPOHHBIX 1
HaHoMukpoHHbIX KMOIIT 2.2
CoBpeMeHHbIE MUKPO- U
HanoKMOIIT 2.4 KMOII-
TexHONOruM JlumakTudaeckas




eanHuia:3 dusuka u
texHonorust KMOIIT nHa
HaIpsHKEHHOM KpeMHuH 3.3
KMOIIT Ha HanpsHKeHHOM
KpeMHHH JlunakTideckas
ennanna:4 dusmka n
texHonoruss KMOIIT na KHU-
crpykrypax 4.4 KMOIIT Ha
KHU-ctpykrypax 4.8 KMOIIT
Ha KHHU-cTpyxTypax
Junaktuueckas enuHMLA:S
OcHoBHBIE (pH3HUECKUE

3¢ ¢$eKTH B CYOMUKPOHHBIX U
HanoMukpoHHBEIX KMOIIT 5.10
I'eomeTrpuueckue U TOKOBbIE
a¢¢exrsr B KMOIIT 5.11

O dexTs! CHIIBHBIX MOJICH B
KMOIIT JdumakTrdeckas
ennunna:6 duznueckue
0COOEHHOCTH U CTPYKTYpPHI
BBICOKOYACTOTHBIX
TpaH3ucTopoB 6.12 dusnka
BBICOKOYACTOTHBIX
TPaH3HCTOPOB

ITK.2 crmoco6HOCTE
paspabaTpIBaTh

3¢ exTuBHBIE
AITOPUTMBI PEIICHHS
chOpMyITHUPOBAHHBIX
3a7a4 ¢
HCIIOJIB30BAHUEM
COBPEMEHHBIX
SA3BIKOB
IIPOrpaMMUPOBAHHUS
1 00eCIIeurBaTh UX
MIPOTrPaMMHYIO
peanu3aruio

34. 3HaTh (HU3NYECKUe
0COOCHHOCTH
TIOJTYTIPOBOJHUKOBBIX
MHTETPaIIbHBIX
PE3HCTOPOB ,
CyOMUKPOHHBIX 1
HaHOMUKPOHHBIX
KMOIIT Ha
00bEMHOM KpEMHHH
n KHU-cTpykTypax ,
BBICOKOYACTOTHBIX
TPaH3UCTOPOB Ha
TeTepOCTPYKTypax.

Jnnaxktrueckas equHuna: 1
@dusnka HHTErpaTbHbBIX
TIOTYTIIPOBOJHUKOBBIX
pe3ucropoB 1.1 Koncrpykuus,
MOJIENb U TTapaMeTPBI
TIOTYTIPOBOTHUKOBBIX
HHTErpaibHbIX pe3ucTopos 1.1
ITonynpoBoAHUKOBBIE
pesuctopsl. KoHCTpyKIus,
MOJIeNTb M TTapameTpsl 1.2
OKcIepUMEHTaIbHBIE METOAUKH
¥ TECTOBBIE CTPYKTYPBI JIs
TIOJTYTIIPOBOJHUKOBBIX
pesucTopoB [lunakTuaeckas
equHuna:2 Ousuka
MHUHHATIOPH3ALIH
CYOMHUKDPOHHBIX 1
HaHoMHUKpOoHHBIX KMOIIT 2.2
CoBpeMeHHbIE MUKPO- U
HaHOKMOIIT 2.5 OcHOoBHEBIE
0COOEHHOCTH Tporiecca
MUHHUATIOPH3AIHAN
Jnnaxktrueckas eauHUIA:3
Omsuka u rexnonorus KMOIIT
Ha HaIpsDKEHHOM KpeMHuu 3.3
KMOIIT Ha Hanps>keHHOM
KkpeMHHH 3.6 Ousnueckue
OCHOBBI HaIlIPS)KEHHOTO
kpeMHust 3.7 TexHonoruu
HaTPSHKCHHOTO KPEeMHUS
Hunaktiueckas equauna:4
Omsuka u rexronoruss KMOIIT
Ha KHU-ctpykTypax 4.4
KMOIIT na KHU-cTpykTypax
4.8 KMOIIT na KHU-
cTpykTypax 4.9 OcHoBHbBIE
texHonoruu 1 KHU-ctpykTyp
Junaktiuueckas eTUHALA:S
OcHoBHBIE pH3nUECKUe

3¢ PeKThl B CyOMUKPOHHBIX U
HaHomukpoHHbIXx KMOIIT 5.10
I'eomeTpuuecke U TOKOBBIE

s dexter B KMOIIT 5.11

D deKTh CUITBHBIX MTOJICH B

Kypcoas pabora

DK3aMeH, BOIIPOCHI 110
TemaM: «Dusnka
HWHTETPaTbHBIX
TIOJTYTIPOBOTHUKOBBIX
pe3ucTopoBy, «DPu3nka
MUHHATIOPU3ALIT
CyOMHKpPOHHBIX U
HaHOMMKPOHHBIX
KMOIIT», «®uzuka u
texHoJyiorus KMOIIT
Ha HaMpsHKEHHOM
KpeMHumn», «dusuka u
Texnogoruss KMOIIT
Ha KHU-cTpykTypax»,
«Dusznueckue
0COOEHHOCTH U
CTPYKTYPBI
BBICOKOYACTOTHBIX
TPaH3UCTOPOBY.




KMOIIT [Iumaktudeckas
ennunna:6 dusnueckue
0COOCHHOCTH M CTPYKTYPhI
BBICOKOYACTOTHBIX
Tpar3ucTopos 6.12 Omuka
BBICOKOYACTOTHBIX
TPaH3UCTOPOB

IIK.2

Y¥9. yMeTb IPUMEHSATH
MaTeMaTH4eCcKoe

JumakTrdeckas equHAmna: 1
®du3nKa UHTETPATbHBIX

HaHOMHUKpOHHBIX KMOIIT 2.2
CoBpeMeHHbBIE MUKPO- 1
HaHoOKMOIIT 2.4 KMOII-
TeXHOJOTHK JlnaakTudeckas

Kypcosas pabora

DK3aMEeH, BOIIPOCHI 110
TemaMm: «Duznka

MOJISTIMPOBAHHKE JUISl | OJIYIIPOBOJHUKOBBIX WHTETPaJIbHBIX
aHau3a 3JIeMeHTHOI |pe3uctopos 1.3 Metozs! MOJYTIPOBOJHUKOBBIX
0a3bl CyOMUKPOHHBIX |MOJAEINPOBAHUS U pacyeTa pe3ucTopoBy, «Dusuka
Y HAHOMHKPOHHBIX  |[OJYIPOBOJHUKOBBIX MHUHHATIOpHU3AIIH
CBUC u YBUC pe3uctopoB Jlunakrudeckas CyOMHKpPOHHBIX 1
enuHnna:2 Ousnka HaHOMMKPOHHBIX
MUHUATIOPU3aLUU KMOIIT», «®u3uka u
CyOMHKpPOHHBIX H texHonorust KMOIIT

Ha HaNpsDKCHHOM
KpeMHHN», «DHU3HKa 1
texHosorust KMOIIT

Ha KHHM-cTpykTypax».

enununa:5 OCHOBHEIE
¢usnyeckue 3GPeKTh B
CYOMHUKDPOHHBIX U
HaHoMukpoHHbIX KMOIIT 5.10
I'eomeTpuyecKre M TOKOBBIC
a¢¢exrsr B KMOIIT 5.11

D¢ dexTr CHIIBHBIX MONICH B
KMOIIT

2. MeToauKa OLEHKH 3TANOB ()OPMHUPOBAHUSI KOMNETEHI[HII B PpAMKAX JUCHUILINHBI.

[IpomexyTouHas aTTecTauys Mo AUCHMILIMHE IPoBOAUTCS B 1 cemecTpe - B (hopme sK3aMeHa, KOTOPBII
HarpaBJieH Ha olleHKY cpopmupoBanHocTH komnetenuuit OIIK.1, OIIK.2, TTK.2.

DK3aMeH MPOBOJIUTCS B YCTHOM Qopme, 1o Onseram.

Kpome toro, chopMrupoBaHHOCTh KOMIETEHIMI MPOBEPSETCs MPH MPOBEACHUN MEPOIPUATUH TEKYILEro
KOHTPOJISl, yKa3aHHbIX B TaOnuie paszjena 1.

B 1 cemecTpe 00s3aTeNbHBIM 3TAaroM TEKYILIEH aTTecTaluu sBIseTCs KypcoBast pabora. TpeOoBaHus K
BBITIOJIHEHUIO KYpCOBOM PabOThI, COCTAaB WM IMpaBWa OLIEHKU CHOPMYIUPOBAHBI B MACIOPTE KYypCOBOM
paboTHI.

OO61ue mpaBuia BHICTABICHHS OLIEHKH 10 JUCIUILIMHE ONpeAesatoTcs 0amibHO-PEUTHHIOBOM CUCTEMOH,
NPUBEJCHHON B paboyeil mporpaMme yueOHOM TUCIUIUIMHEI.

Ha ocHoBanuu npuBeneHHBIX Aajiee KPUTEPUEB MOXKHO clielaTh OOIIMH BBIBOJ O CHOPMHPOBAHHOCTH
xomnereHuui OIIK.1, OIIK.2, ITK.2, 3a koTOpble OTBEYAET JUCLMUILINHA, HA Pa3HBIX YPOBHSIX.

O0uas xapakTepucTUKA YPOBHEH 0CBOEGHHSI KOMIIeTEHIIHIA.

Hu:xe nmoporoBoro. YpoBeHb BBINOJHEHUS pabOT HE OTBEYaeT OOJBIIMHCTBY OCHOBHBIX TPeOOBAaHUH,
TEOPETHUYECKOE COJIEPKAHUE Kypca OCBOEHO YaCTHUYHO, ITPOOEIIbI MOTYT HOCUTh CYILIECTBEHHBIH XapakTep,
HEO0OXOMMBbIE MMPAKTUYECKHUE HAaBBIKU PAOOTHI C OCBOCHHBIM MaTepHajoM c(hopMHUpPOBaHbI HE JOCTATOUYHO,
OOJIBIIMHCTBO TMPEAYCMOTPEHHBIX IMPOrpaMMOi OOy4deHHs Y4eOHBIX 3a/JaHUM HE BBITIOJIHEHBI WIIH
BBITIOJIHEHBI C CYIIECTBEHHBIMU OITUOKAMHU.

IloporoBelii. YpoBeHb OOJIBIIIMHCTBY OCHOBHBIX TpPEOOBAHMIA,
TEOPETUYECKOE COJEPKAHNE Kypca OCBOSHO YaCTUYHO, HO TPOOEITBI HE HOCST CYIIECTBEHHOTO XapaKTepa,
HEOOXOMMBbIE MPAKTUUECKHE HABBIKA PaOOTHI ¢ OCBOCHHBIM MAaTE€pUalOM B OCHOBHOM C(OPMUPOBAHBI,
OOJIBIIMHCTBO TMPEIyCMOTPEHHBIX MPOTrpaMMOil 0OyueHHs y4eOHBIX 3a/JaHUI BBIIIOJIHEHO, HEKOTOPHIC
BHUJIBI 3a/IaHUI BBITOJHEHBI C OIINOKAMU.

BBITIOJTHCHHU A pa60T OTBECYACT



Ba3oBblii. YpoBeHb BBINOJIHEHUS pabOT OTBEYAeT BCEM OCHOBHBIM TPEOOBAHUSM, TEOPETHUECKOE
coJiepKaHue Kypca OCBOCHO MOJHOCTBIO, 0€3 MpOoOenoB, HEKOTOPbIE MPAKTHYECKWE HAaBBIKU PaOOTHI C
OCBOCHHBIM MaTepHajoM c(OPMHUPOBAHBI HEIOCTATOYHO, BCE MPEIYCMOTPEHHbIE MPOrpaMMoil oOyueHus
y4eOHbIe 3aJ]aHHs BBIIIOJHEHBI, KAYECTBO BBIMIOJIHEHUS HU OJHOTO U3 HUX HE OLIEHEHO MHUHUMAJbHBIM
YHUCJIOM 0ayIoB, HEKOTOPHIE U3 BBINOJIHEHHBIX 33JIJaHUI, BO3MOXHO, COJIEPKAT OLIHMOKH.

IIponBuHYTHI. YPOBEHb BHINOIHEHUST paOOT OTBEYAET BCeM TPEOOBAHUSIM, TEOPETHUECKOE CO/ICPIKAHHE
Kypca OCBOEHO MOJHOCTBIO, 6€3 MpoOenoB, HE0OXO0AMMbIE PAKTUYECKUE HAaBBIKU PabOThI ¢ OCBOCHHBIM
MaTepuaioM COPMHUPOBAHBI, BCE MPEAYCMOTPEHHBIC MPOTrpaMMOi OOy4eHHs YydeOHbIC 3amaHus
BBINIOJTHEHBI, KAYECTBO X BBIOJIHEHHSI OLICHEHO YHCIIOM 0aJlIoB, OJM3KUM K MaKCUMAIbHOMY.



DenepanbHOE TOCYAaPCTBEHHOE OI0KETHOE 00pa30BaTEIbHOE YUPEKICHHE
BBICITIETO 00Opa30oBaHUs
«HoBocuOupckwii rocy1apcTBEHHBIN TEXHUUECKIH YHHBEPCUTET»

Kadenpa nonynpoBogHUKOBBIX IPUOOPOB U MUKPOIIEKTPOHUKU

HacnopT IK3aMCHa
110 JUCHUIIIIMHEC «CHGHI/IaJ'Ibele I'JIaBbI (bI/ISI/IKI/I IMOJIYIIPOBOAHUKOBBIX HpI/I60pOB», 1 CEMECTP

1. Meroauka oLeHKH

DK3aMeH NPOBOJUTCSA B yCTHOUM (opme, mo Omiieram . buner opmupyercs no cremyromemy
HpaBUITY:

NIEPBBI BOMPOC BEIOMPAETCS U3 TUAIa30Ha BOMPOCOB COOTBETCTBYIOIINX OJTHOW U3 IIECTH
TEMaTUK, U3yYCHHBIX B X0J/I€ CEMECTPa,

BTOPOI1 BOIIPOC BHIOUPAETCS U3 IMalla30Ha BOIIPOCOB COOTBETCTBYIOLIUX JIPYIOl TEMaTUKE
(43 OCTaBLIMXCS MATHU BO3MOXKHBIX).

DOopMAa >K3aMEHAMOHHOTO OKTeTa

HOBOCHBUPCKUI FTOCY JAPCTBEHHBIN TEXHUYECKWI YHUBEPCUTET
daxynpreT POD

Buier Ne
K DK3aMeHy 1o qucuuruinHe «CrieruanbHbIe TIaBbl PU3UKHU TTOTYIPOBOIHUKOBBIX
puOOpPOB»

1 Mozens TOHKOTJIEHOYHOTO OJJHOPOAHOJIETHPOBAHHOTO MOJIOCKOBOTO PE3UCTOPA CO CIIOKHBIMH
KOHTaKTaMH.
2. Hanpspxenuasie KMOIIT, usrorornenssie mo Texnonoruu cap-cios (CELS).

YTBepkaato: 3aB. Kapeapoit npo¢. Taiicnep B.A.
(moamucs)

(mata)

2. Kpurepun ouenkun

OTBeT Ha SK3aMEHAI[MOHHBIN OWJIET CUMUTAETCS HEYAOBJETBOPHUTENbHBIM, €CIIH CTYACHT IPH
OTBETE HA BOMNPOCHI HE AT OMpPEICIICHUII OCHOBHBIX TOHSATHI, HE CIIOCOOCH I0Ka3aTh
NPUYMHHO-CJIEICTBEHHBIE CBSI3U SIBJICHHMA, NP PEIICHUHU 3aJaud JOMYCKAeT MPUHIIMITHAIbHBIC
OIIMOKH, OLIeHKa cocTaBisieT meHee 20 6annos.

» OTBeT Ha PK3aMEHAIIMOHHBIN OUJIET 3aCYMTHIBAECTCS HA MOPOrOBOM YPOBHE, €CJIH CTYACHT IIPU
OTBETE Ha BOMPOCHI JACT OIPEIEICHUE OCHOBHBIX TOHSATHH, MOXET IM0Ka3aTh MPUYUHHO-
CJIEZICTBEHHBIE CBSI3U SIBJICHUH, NTPHU PEIICHUH 3a/Ja4M JOMYCKAaeT HEMPUHIIMITHAIBHBIC OMTHOKH,
oneHka cocrtapisgeT 20-25 bannos.



* OTBeT Ha K3aMEHALIMOHHBIN OMJIET 3aCYUTHIBACTCS Ha 0230BOM YPOBHE, €CIIU CTYACHT IPU
OTBETE Ha BONPOCH! (POPMYIHPYET OCHOBHBIE TIOHSTHS, 3aKOHBI, AT XapaKTEPUCTHKY
mponeccos, SIBJ'IGHI/If/'I, MIpOBOAUT aHAJIN3 ITPHUYUH, yCHOBHﬁ, MOKCT NPCACTABUTH KAYCCTBCHHBIC
XapaKTEepPUCTHKH MPOLIECCOB, HE JOMYCKAEeT OMIMOOK MPY PEIICHUH 33/1a4H, OIICHKA COCTABIISET
26-34 6annos.
* OTBeT Ha PK3aMEHAIIMOHHBIN OMIIeT (TecT) OMJIEeT 3aCYUTHIBACTCS Ha MPOJABUHYTOM YPOBHE,
CCJIU CTYACHT IIPU OTBCTC HA BOIIPOCHI MPOBOAUT CpaBHI/ITCHBHbe/'I AHAJIN3 ITOAXO0A0B, IPOBOAUT
KOMIUIEKCHBIN aHAJIN3, BBISBIISIET IPOOJIEMBI, ITPe/IaracT MeXaHU3Mbl PELICHUs, CIIOCOOEH
NpeaACTaBUTb KOJIMYCCTBCHHBIC XaPAKTCPUCTUKH ONPCACIICHHBIX ITPOUCCCOB, IPUBOAUT
KOHKPETHBIE IIPUMEPbI U3 TPAKTHKH, HE JIOIYCKAET OIIHOOK U CIIOCOOEH 000CHOBATH BHIOOD
METO/a PeUIeHUs 3a]auu, olleHKa coctaBisieT 35-40 b6annos.

DOK3aMEeH CYHUTaeTCcs CHOaHHBIM, €CIM CpegHssl cyMMa OaJuloB MO BCEM BOIPOCAM
cocrapmsieT He MeHee 20 6amioB (o 40 6amTbHOM 1IKale).

Koa¢¢unment, ¢ KOTOPIM yIUTBHIBACTCS MOJyYSHHAs! CyMMa 0aiyioB B 00IIeil OLeHKe o
JUCHUIITIMHE, OIPCACIIACTCA HpaBI/IJIaMI/I arrecralimuu ucxoasa H3 TOIro, 4YTO MAaKCHMAaJIbHOC
KOJIMYECTBO 0AJUIOB 32 IK3aMEH He MOXKET mpeBbimath 40 6asios.

3. IIkana oueHkKHU

B o61eit onjeHke 1o AUCHUIUIMHE 3K3aMEHALMOHHBIE OalIbl YYUTHIBAIOTCS B COOTBETCTBUU C
npaBWwiIaMd  OaJUIbHO-PEUTHHTOBOM  CHCTEMBI, TPHUBEACHHBIMH B pabodell mporpamme
JUCLUIUINHBI.

4. Bompocsl K 3K3aMeHy 10 Aucuumiuie «CrnenuanbHble IJ1aBbl (PU3NKH
MOJIyNIPOBOIHUKOBBIX PUOOPOB»

«®Pu3KKa UHTETPAIBHBIX HOJYIPOBOIHUKOBBIX PE3UCTOPOBY»

1.1 [omynpoBoaHukoBele AU dy3uoHHbIe pe3rucTopbl. KOHCTpYKIUS, MOZIENb U TTapaMeTphl.

1.2 TloaynpoBOAHUKOBBIE IUIEHOYHbIE pe3UCTOPbl. KOHCTPYKIIMS, MOENb U TTapaMeTpHl.

1.3 DddexT mmpuHbl B MHTErpalbHbIX TU(PHY3MOHHBIX U ITOJOCKOBBIX PE3UCTOpaX.

1.4 TIunu-pe3ucropsl. KoHCTpyK1Msl, MOZIETh U MTApAMETPhI

1.5 TemniepatypHasi 4yBCTBUTEIBHOCTb ITOJIYIIPOBOJHUKOBBIX PE3UCTOPOB. JlazepHas MoAroHka.

1.5 TecroBast cTpyKTypa U1 METOJIMKA HaX0XAeHUA RS 1 3 PEeKTUBHON IIUPUHBI TOJIOCKOBOTO
pesucropa.

1.6 YetsIpex30H10BbIN MeTo Banbneca

1.7 DnexTpodusndeckoe 000CHOBAHHE YETHIPEX30HI0BOTO METOAA.

1.8 Meton Ban nep Ilay. CtpykTypa «rpedeckuii KpecT» U ee MperuMyIecTBa nepe
MIOJIOCKOBOW CTPYKTYPOH.

1.9 KoadpdunrieHt hopmbl HEMOITOCKOBOTO TOHKOIUIEHOYHOI'O PE3UCTOPA U MOJIOCKOBOTO CO
CJIOKHBIMU KOHTAKTaMH.

1.10 Mozenb TOHKOILUIEHOYHOT'O OJJTHOPOHOJIETUPOBAHHOTO TMOJIOCKOBOTO PE3UCTOPA CO
CJIOKHBIMU KOHTaKTaMH.

1.11 [Ipumenenne MeTo1a KOHPOPMHBIX OTOOPANKEHUM ISl HAXOXKIACHUS COPOTUBIICHUS
TOHKOIUIEHOYHOTO PE3UCTOpa CI0KHON (POPMBI.

1.12 KoHTakTHOE CONPOTUBIIEHUE PE3UCTOPA U COMPOTUBIICHUS PACTEKAHHUS.

1.13 Pe3ucrops! KensBuna. KoHcTpyKkIns, nmapaMeTpbl, Ha3HaYCHHE.

«Pu3nKka MUHUATIOPU3ALUY CYOMUKPOHHBIX U HAaHOMUKPOHHBIX KMOIIT»
2.1 KMOII-texnonorun

2.2 3akoH Mypa u Tpu coBpeMeHHbIX ITyTH pazButuss KMOII-texnonoruu
2.3 Mogens [lIuxmana-Xomxkeca v €€ «HUEepHBIN SIIHK.

2.4 Ilponiecc MUHMATIOpU3aluK U ero BiausHue Ha napametpsl KMOIIT
2.5 KoMIpomMuccel MUHHATIOPU3ALAN




2.6 3aBucuMoctb rpannuHON yacToTel KMOIIT 0T KOHCTPYKTHBHO-TEXHOJIOTUUECKUX
apaMeTpoB

2.7 OcHOBHBIE KOHCTPYKTUBHO-TEXHOJIOTUYECKHUE CIIOCOOB! YBETHUEHHSI OBICTPOICHCTBHS

KMOIIT

2.8 IlpaBuna JlenHapTa u CKEIIMHT TapaMETPOB

2.9 Ces3p macmrabupoBanus 1o JleHHapty ¢ 3pdexkramu CHIIbHBIX TOJIeH

2.10 OcHoBHBIE TPOOIEMBbI MUHHATIOPU3AIMH MEKCOCTMHEHUI

«®Dusuka u rexuosoruss KMOIIT Ha HanpsoKEeHHOM KPEMHUU
3.1 HanpsokeHHBIM KpeMHUH, THIpocTaTHYecKoe cxaTue u 3¢pd ekt Cmura
3.2 BivsiHME aHU30TPOIHBIX MEXaHUYECKUX HANPSIKEHUI HAa CTPYKTYPY 30HBI IIPOBOIUMOCTH B
KPEMHUHU.

PocT noABMKHOCTH 31EKTPOHOB.
3.3 BiusiHue aHM30TPONHBIX MEXaHUYECKUX HANPSKEHUM HA CTPYKTYPY BaJICHTHOM 30HBI B
KPEMHHUH.

PocT noABM>XHOCTH JIBIPOK.
3.4 Ocobennoctn KMOIIT Ha Hanps>KeHHOM KpEMHUU
3.5 TexHONOTUY HANPSKEHHOTO KPEMHUS | TOKOJIECHUS.
3.6 OCHOBHbIE HCTOYHUKHA MEXaHUUECKUX HANPSKEHUU(CTPECCOPHI) B TEXHOJIOTUSX 2
MOKOJICHUSI.
3.7 Hanpspxennsie KMOIIT, usrorosnennsie o texHoioruu cap-ciost (CELS).
3.8 Hanpsxkennsie MOIIT, U3roroBiaeHHBIE 110 TEXHOJIOTUU € 3alIOMUHAHUEM
Hanpsokerus(STM)
3.9 KMOIIT, u3roToByiecHHbIE 110 TEXHOJOTHH HAMIPSHKEHHBIX HCTOK/cTOKOB (embedded)
3.10 KomOuHMpOBaHHBIE TEXHOJIOIMH HAIPSDKEHHOTO KPEMHHUSL.

«®Dusuka u rexnosnoruss KMOIIT na KHU-cTpykTypax

4.1 Ocnosnble ocobennoct KMOIIT Ha ctpykTypax KHU

4.2 Dpdexr «3amenkuBanusn» B crpykrypax KMOIIT Ha 06beMHOM KpeMHUH.

4.3 Texunonorus SIMOX mis KHU. JloctonHcTBa M HEIOCTATKHU.

4.4 Texuonorus cpamuBanus wiactud (SMART CUT). JlocTonHCTBA U HETOCTATKH.

4.5 KMOII na KHHU. Ctpyxtypst LDD u HALO.

4.6 Tpanmeitnas u3onsiyst B KHU crpykrypax (STI u DTI). Bosch-nporece.

4.7 DnexTpoduznueckre 0COOEHHOCTH YaCTHYHO U MONHOCTHIO 00eaHeHHbIX KMOIIT Ha
crpykrypax KHH .

4.8 MuoroszarBopusie KMOIIT (FIinFET).

«OcHoBHbIe huznyeckre 3¢ (HeKTsl B CYOMMKPOHHBIX U HAHOMUKPOHHBIX KMOIIT

5.1 Ynpasnsemocts 3apsiioB B kaHaiae KMOIIT

5.2 KopoTkokaHasabHbIH 3¢ (eKT TOPOroBoro HampsKeHus

5.3 Ddodexr DIBL.

5.4 TlapazutHble TOKOBBIE 2P PEKTH KOPOTKOTO KaHaja.

5.5 Dddexrsr cunpHbIX noaeil B MOIIT: ropsiune 31eKTpoHbI U JIABUHHOE YMHOKEHUE.

5.6 O¢ddexrs cunbubIx noselr B MOIIT: Tok B OANOXKKY, CHI)KEHUE Oapbepa Ha UCTOKE,

ounossipHbIit u Kink-3¢dexTor.

5.7 MeTronbl TEXHOJIOTUYECKONW ONTUMU3ALMH CTPYKTYpbl HcTOK-cTokoB KMOIIT ¢ nens
CHIKEeHUS 9P (PEKTOB CUIBHBIX  MOJEH.

«Puzndeckre 0cOOEHHOCTH U CTPYKTYPHI BRICOKOYACTOTHBIX TPAH3UCTOPOBY
6.1 ®u3nyeckre MpoLeccs B rereporepexoax. 30HHbIE AUArpaMMBbl.

6.2 'eTepocTpyKTypHbIe OunossipHble TpaH3uctopsl (HBT)

6.3 Bapu3oHHbIe reTepoOunoIsipHbie TpaH3ucTopsl C Si-Ge 6a3oii.




6.4 TpaH3UCTOPBI C BHICOKOH MOABUKHOCTBIO 31ekTpoHOB (HEMT)

Bonpocel cocraBu aou. Kasunaun C.B. gexadpp 20




denepanpHOE TOCYAAPCTBEHHOE OI0/KETHOE 00pa30BaTEIbHOE YUPEKICHNE
BBICIIETO 00Pa30BaHMs
«HoBocubupckuii rocy1apcTBEHHBIH TEXHUUECKHH YHUBEPCUTETY
Kadenpa nonynpoBogHUKOBBIX IPUOOPOB U MUKPOITEKTPOHUKU

IHacnopr
KYPCOBOii padoThI

no aucuuiuimHe «CrieruanbHble T1aBbl (PU3UKHU IMOIYIIPOBOAHUKOBBIX PUOOPOBY», 1 cemecTp

1. MeToauKka OLEHKH.
3ajaHue:
paccuuTaTh TEXHOJIOTMYCCKUE TapaMeTpbl, npodwin JierupoBanus, BAX u anexkrpodusudecue
napameTphl TpaH3ucTopa (OUITOJIIPHOTO HITH TOJIEBOTO) B COOTBETCTBUU C UCXOAHBIMH JAHHBIMU
BapHaHTA.

Crpykrypa:

00s13aTeIbHBIMU CTPYKTYPHBIMH 4YaCTIAMU KP sBasiorcs:

- KpaTKOe ONHUCaHUE IPOEKTUPYEMON CTPYKTYPHI C MOACHSAIOIMMU PUCYHKAMU U 0OOCHOBAaHHBIM
BbIOOPOM JIONIOJIHUTEIbHBIX F€OMETPUYECKUX M (PU3MUECKUX IapaMeTpoB, HEOOXOAMMBIX IS
JIBYMEPHOT'O MOJIEIIMPOBAHUS TPAH3UCTOPA,;

- BXOJHOH KOMaHJHBIA (aila uis TEXHOJIOIMYECKOrO MPUIIOKEHUs, 00ecreunBaroIuii pacueT
CTPYKTYpBI TPAH3UCTOPA;

- OIHOMCPHBIC HpO(bI/IJ'II/I JICTUPOBAHUA B XapaKTCPHbIX CCUCHUAX TpaH3uCTOpAa,
066CH€‘-IPIB3IOIHH€ TCOMETPHUUICCKUC TMMApPaMCTPbl TPAH3HUCTOpPAa B COOTBCTCTBUHU C BaAPHUAHTOM
pacucra;

- BXOJAHOW KOMaHAHBIA Gain Ui 3JeKTPOoPU3NUYECKOr0 MPHIOKEHUS, 00ecreurBaroIHii
ANIEKTPO(U3NIECKUNA PacyUeT;

- paccuntanHble BAX u anekrpodusnyeckue napaMeTpbl TPaH3UCTOpA HAPSKEHUS! OTCEUKU
OTanbl BbIIOJHEHUS U 3aIUTHL:

BrimonHeHne KypcoBoit paboThI MPOUCXOAUT TOCIEA0BATEIHHO B COOTBETCTBUU CO CTPYKTYPOH.
3amura NpoOUCXOIUT MOCIIE TTOJIHOTO 3aBEPIICHHS BCEX ITANOB PaOOTHI.

OreHnBaeMbI€ MTO3UIIAN:
OrieHnBaeMbI€ TO3UIIMK COOTBETCTBYIOT OMMCAHHOM BhIIIIE CTPYKTYpe PI3.

2. Kpurtepum oueHkm.

* PaGoTta cumTaeTcsi He BBLINOJHEHHOMH, eciM BBITONMHEHBI He Bce dact KP, orcyrcTByer
MOJIeNIb TEXIIPOIECCa, HET KOPPEKTHBIX PACUYECTHBIX OICHOK 3a/JaHHBIX T€OMETPUYECKUX U
TEXHOJIOTHYECKUX MMapaMeTPOB, HE MTPECTABIICHBI IJIaBHBIE PE3YJIbTAThI pacyeTa: OJJHOMEPHBIE
npoduan  JErMpoBaHWs B XapaKTepHBIX CeUeHUsX TpaHsuctopa, ero BAX wu
anekTpoduszndeckue mapameTpsl. OneHka B 3ToM cinydae coctanisier0-40 6amios.

* PaGoTa cuuTaeTcsl BBIMIOJHEHHOW Ha MOPOrOBOM YpOBHE, eciau Hekoropble yactu PI3(P)
BHITIOJTHEHBl (POpPMANIbHO: HET aHaiuu3a W OOOCHOBaHHUS BHIOOpPA TEXHOJOTHYECKHX H
ANEKTPOPU3NYECKUX MOJENeH, B TMpoliecce pacueTa He OO0ecredeHbl TpeOyeMble BBIXOIHBIC
napameTpsl 3aganus. OueHka B 9ToM ciaydae coctaiser 50-60 6amos.

* PaGoTa cunTaeTcs BBHIMOJIHEHHONH HAa 0a30BOM YpOBHE, €CITM MOJEIMPOBAHUE TeXIpolecca 1
anekrpodusndecknii pacder BAX # 37eKTpopH3NISCKUX MapaMeTpOB IIEJIOM BBIIIOJHEHO C
He3HAUYMTEIbHBIMU HegoueTaMu. OrieHka B 3ToM ciydae cocraBisgeT 70-80 Gamos.

* PaGoTa cuuTaercs BBHITIOJIHEHHOW HA MNPOJABMHYTOM YypPOBHE, €CJIH MOJEIHPOBAHHE



TEXHOJIOTMYECKOT0 MpOoIecca M IEKTPOPU3HICSCKUIN pacyeT BBHIMOJHEHBI B IIOJJHOM 00bEME H
BCE BBIXOJHBIC MapaMeTphl BBIUMCIACHBI B 3aJaHHBIX Auamna3zoHaX. OIIEHKa B 3TOM Cjydae
cocrasirzeT 90-100 GayuioB.

3. IIIkaJia oLeHKH.

B 00m1eii onienke no AUCHUILIIMHE OaNIbl 32 pabOThI YUUTHIBAIOTCS B COOTBETCTBUH C IPABHIIAMH
0aJIbHO-PEUTUHIOBOM CHCTEMBI, IPUBEACHHBIMU B paboyeil mporpaMme JTUCHUTUIHHEIL.

4. IlpuMepHBblii IepevyeHb TeM KypPCOBOro npoexkrta (padorsi).

— JIByMepHBIii pacyeT napaMeTpoB U XapaKTEPUCTUK OUIIOJIIPHOTO TPAaH3UCTOpa 0 BapuaHTy Nel
metoauukh. (Bcero oosiee 10 BapraHTOB)

JIByMepHBIii pacuer napamMeTpoB M XapaKTEPHCTUK MOJICBOTO TPAH3UCTOPA 10 BapuaHTy Nel
Metoanuki. . (Bcero 6oinee 15 BapuaHToB)

5. IlepeyeHb BONPOCOB K 3alIUTe KYPCOBOI0 MpoeKkTa (padoThi).
— @usunyeckue npoueccel B OunossipHoM tpansucrope (bT)
— Bxonnrie-Beixoaasie BAX BT;
— I'pacdpuxu ['ymmens u uucno I'ymmens;,
— Mogaens D6epca-Moina;
— KMOII-Texnonoruy,
— @u3nyecKue IpoLecchl B OJIEBBIX TPAH3UCTOPAX;
— Mogensp [HInxmana-Xokeca U €€ «4E€pHBIN ALUKY;
— IIpouecc MuHMaTIOpu3aUuu U ero BiussHue Ha napamerpsl KMOIIT;
— 3aBucumocTb rpannuHoi yacToTel KMOIIT 0T KOHCTPYKTHBHO-TEXHOIOTHYECKUX
apameTpoB;
— OCHOBHBIE KOHCTPYKTHBHO-TEXHOJIOTHYECKHE CIIOCOOBI yBETMYEHUS OBICTPOACHCTBUS
KMOIIT;
— IIpaBuna JleHHapTa U CKEWJIMHT IapaMETPOB;



