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1. HEJIH OCBOEHMA JUCHUITJIMHBbI

Ilens ocoenust muciuniauHel — (GOPMHPOBAHME Y CTYNCHTOB 3HAHWH O (pHU3MUECKHX
npomneccax, JeKauMX B OCHOBE  (YHKIMOHMPOBAHHS  IOJIYNPOBOJHHKOBBIX  CTPYKTYp
TBEPAOTENEHON MHKPOSIEKTPOHUKH, (H3UYECKHX OCHOBaX (PYHKIMOHAIBLHOH 3JIEKTPOHHKH,
(usnueckoii npupose 3 QeKTOB U SIBICHHH B HAHOCTPYKTYPaX U NPHHIUIAX HAHOIEKTPOHHKH.
3apaun:
~ (hopmupoBaHHuE y CTY/IHTOB 0a30BbIX 3HaHUH B 001aCcTH (DU3HIECKUX NIPOLIECCOB TBEPAOTEILHOMN
MHKDOSJICKTPOHHKHU;
- OpHOOpETECHHE CTYJEHTAMH HABLIKOB aHATM3a XapaKTEePHCTHK TONYTPOBOJHHUKOBEIX CTPYKTYp
TBEPAOTENBHOH MUKPOINEKTPOHHKH;
- popMupoBanne npencTaBnenuii 0 GH3HMYECKUX OCHOBAX (DYHKIMOHAIBHOMN 3JICKTPOHHKH;
- (GopmHpOBaHHMe NPENCTABICHHH O MEPCHeKTHBHBIX HANPABICHHUSIX Da3BHTHS MHKPO - M
HAHO3JIEKTPOHHKH.

2. MECTO JUCHMIIJIMHBI B CTPYKTYPE OIIOIT BO

Juctunmmna «PH3HYECKHE OCHOBBI MHKPO — M HAHOYJICKTPOHHKH» OTHOCHTCS K YaCTH,
dopmupyeMOl ydJacTHHKaMH OOpa3oBaTeNbHBIX OTHOIICHHH. IIpEepeKBH3UTHI JTUCITUTIIHHEL
«®Dusnkay, «Beicmiags wmarematuka», «DHIMKO-XUMHYECKHE MPOLECCH B TEXHOJIOIHHA
3JIEKTPOHHBIX CPEICTBY

3. IJTAHUPYEMBIE PE3YJIbTATBI OBYYEHMS 110 JUCHUAIIVIMHE

HﬂaﬂﬂpyeMbIC PE3yIbTaTkl 06)"1311[151 o JHCHUIUIHHE, COOTHECEHHEBIE C TINTAHHPYEMBIMH

pesynstatamu  ocoeHuss  OIlOIl  (koMnereHIMsMH W MHAMKATOPAaMH  JOCTHIKEHMS
KOMIIETEHIIHH ).
(DopMHpyeMBbIe Inanupyemsie pe3ynbTaThi 00Y4E€HHS M0 THCLIMIUIMHE, B Haumenosanue
KOMIIETEeHLIMH COOTBETCTBHHM C MHIHKATOPOM JOCTHXXKEHHS KOMINETEHIIHH OLIEHOYHOTO
(xon, conepxanue HnpaukaTtop gocTibkeHUs Pesynbratel 06yueHns no cpencTsa
KOMMETEHLIIH ) KOMIIETEHLIMH JHUCLMILIHHE
(x09d, codepaicanue unduxamopa)
OIIK-1. [IK-1.1. 3naer ocHOBHBIE | 3HaeT CYIITHOCTB
Cnocoben 3aKOHBI (PH3UKH IIPOLECCOB | GU3HICCKHX IPOLECCOB B
UCHOJIL30BATh B CTPYKTYpax | MOIYIIPOBOTHHKOBBIX
TIOJIOJKEHUSL, MHKPO3JIEKTPOHHKH, CTPYKTYpax
3aKOHBI u | QyHKIHOHATHLHOM MHKPO3TIEKTPOHHKH,
METO/1bI 3NCKTPOHHKH, (u3uyeckue | QU3HUeCKHe  NPHHITHITHI
€CTECTBEHHBIX TIPUHITHTIB] (YHKIIHOHAIBHOI H
Hayk M | HAHOZJIEKTPOHHUKH. HaHOIJIEKTPOHUKH.
Marematuku ja | [TK-1.2. Hcnonesyer | ¥Ymeer HCIOJIL30BaTh | 3agaHus
peleHusl  3a4ay | OCHOBHbIE busnueckue | 3HaHKE ¢u3nveckux | pedTHHT -
HUHKEHEPHOH 3aKOHBI MPOIECCOB B | 3aKOHOB B MHKpPO | KOHTPOJIS.
JEATENBHOCTH. CTPYKTYpax JNEKTPOHHON OTueTs O
TIOJTYTIPOBOTHHKOBOH KOMIOHEHTHOH 0asze 1pu | 1abopaTopHBIM
MHKPO31€KTPOHHKH JUIS | IPOEKTHPOBAHUH paboram.
pElIeHHs MPOSKTHBIX 3a/1a4 | 3JIEKTPOHHEIX CPEICTB.
HH)KEHEPHOH IEATENbHOCTH.
[IK-1.3. Anamusupyer | Baageer HaBbIKaMH
OCHOBHLIE dusnveckne | ananusa OCHOBHBIX
mporeccsl B HM3ACHMsX | (QU3HYECKHX
[IOJIYIIPOBOIHUKOBOH 3aKOHOMEpPHOCTER
MHKPO3JIEKTPOHHKH IIDH | TPOLIECCOR B
pelleHUH [IPOEKTHBIX 3a/1a4 | MOTYIPOBOIHHKOBBIX




HHIKEHEPHOH J1eATeILHOCTH. | CTPYKTYpax W31
MHKDPO3JICKTPOHHKH.
ITK-1 Cnocoben | I1K-1.1. 3HaeT | 3Haer NpoCTEHIINE
CTPOMTH OCHOBONOJIAraoiue buznueckue |
MpocTenIne MaTeMaTHYeCKHE MaTeMaTHYCCKUAE MOJCIIH
(pusuyeckue  H | 3aKOHOMEPHOCTH [IPOLIECCOB B
MaTeMaTH4ecKHe | MpolieccoB B | TIONYTIPOBOIHHKOBBIX
MOJIESIH CXEM, | NOJIYIIPOBOJAHUKOBBIX CTPYKTYypax
KOHCTPYKIMH ¥ | CTPYKTypax MHKPO3J1EKTPOHUKH.
TEXHOJIOTHYCCKH | MHKPODJIEKTPOHHKH.
X nponeccoB | [TK-1.2. Ctpont | ¥meer CTPOUTH A
3JIEKTPOHHBIX npocrene pu3nuecKkue U | npocredmue (QUINTECKHE peffTamT -
CpencTB MaTEMAaTH4YECKHE  MOZEIH | MOJIETM M pacCYUTHIBATH OO
PasJIM4HOIO HIPOLECCOB B CTPYKTYpax | OCHOBHEIE MapaMeTper, | o o
(DYHKIMOHATLHOT | TIOTYTIPOBOIHHKOBOM XapaKTepU3yIoIme e
O Ha3HAYECHHS, A | MUKPOIEKTPOHHKH. ¢pu3MyuecKknHe mpoleccH B patomis,
TaKxKe HOJIYIIPOBOJHUKOBBIX s
HCHOJIL30BATh CTPYKTYypax UriGeno -
MpaKTH4eckoi
CTaH/IapTHEIC MHKPO3JIEKTPOHHUKHU.
HOJArOTOBKE.
nporpaMMHbie [TK-1.3. Ananmusupyet | Baapeer HaBBIKAMH
cpeacTtBa U HX | pusuyeckue U | IpDUMEHEHHUsl MOJYYEHHBIX
KOMITLIOTEPHOTO | MaTeMaTHYeCKHE  MOJIeNH | 3HAHUK W yMEHWH Is
MOJIEJIMPOBaHHS. | IIPOLIECCOB B | aHam3a GHU3MYECKHX W
MOJTYTIPOBOTHUKOBEIX MaTeMaTAYeCKUX MoJelei
MHKPO3JIEKTPOHHBIX HPOLIECCOB B
KOMIOHEHTaX 3IeKTPOHHBIX | MONYNPOBOHHKOBBIX
CPEJCTB. CTPYKTYpax 3JIeKTPOHHBIX
CPEJCTB.
[IK-3 [TK-1.1. 3HaeT | 3HaeT  KOHCTPYKTHBHO-
Crnocoben KOHCTPYKTHBHO- TEXHOJIOTHYECKHE
BBIIIONIHSTE TEXHOJIOTHYECKHE BaPHAHTHl UCTOMHEHUS W
pacdeT U | OCOOCHHOCTH M OCHOBHEIC | OCHOBHBIE napameTpbl
NPOEKTHPOBaHHE | XapaKTePHCTHKH 0a30BbIX
37EKTPOHHBIX 10JIyIIPOBOJHHKOBBIX HOJIYIIPOBOJHUKOBBIX
npubOpOB, C€XeM | CTPYKTYp WHTETPaNbHOH | CTPYKTYP TBEPAOTEIILHON
2} YCTPOMCTB | MUKPO3JICKTPOHUKH. MHKPO2JIEKTPOHHKH. 3ananus
pasIMIHOro I1K-1.2. Ornennraer | Ymeer OLICHUBATh | PEHTHHI -
(yHKLIHOHAIBHOT | OCHOBHBIE 1ADAMETPBI OCHOBHBIE napameTpsl | KOHTPOIS.
0 Ha3zHa4YeHHs B | MHKPO3JIEKTPOHHBIX KOMIIOHEHTOB OTueTsl 110
COOTBCTCTBHM  C | KOMIIOHEHTOB [IpH pacuére | MHKPOIIEKTPOHHBIX nabopaTopHEIM
TEXHHYECKUM %8 NPOEKTUPOBAHHUH | M3JIEIIHI. paboram.
3a[aHUEM C | 2JIEKTPOHHBIX YCTPOMCTB. OT1uér mo
ucnonszoanuem | [1K-1.3. Ananuzupyet | Baaaeer HABBIKAMH | IIPAKTUYECKOH
CpEICTB OCHOBHBIE XapaKTEPHCTHKH | MPHMEHEHHUS TIOJNYYEHHBIX | TIO/ITOTOBKE
aBoOMaTH3aluH MHUKPO3JIEKTPOHHOM 3HAHHH W yMEHHH Ui
NPOCKTUPOBAHUS | KOMIIOHEHTHOH 6a3bl ananmsa OCHOBHBIX
TIpH TIPOCKTHPOBAHHH | XapaKTEPHCTHK
DJIEKTPOHHBIX YCTPOMUCTB. MHKPO3JIEKTPOHHBIX
KOMIIOHEHTOB npu
NPOEKTHPOBAHHH

ANIEKTPOHHBIX YCTPOMCTR.




4. OFbEM U CTPYKTYPA JJMUCHHHMIIJIMHBI

TpynoeMKoCTb AMCUHMIUIMHBI COCTaBNAET 4 3aueTHBIE eTMHUIIbI, 144 Haca.

Temaruueckuii nian
(popma obyuenns — ounas

Ne

Haumenoranue paznenoe u rem
JIMCLIMILIHHBI

Cemectp

Henens cemectpa

KonraktHas pabota
o0yualomxcs
C neaarori4cCKmumM
paboTHUKOM

Hexyuu
Ipaxmuueckue 3ansmus
Jlabopamopnvre padomvi
6 ghopme npaxmuueckou

HOO20mo8KU

CamMocroaTenbHas

pabora

Dopmbl
TEKYLIEro
KOHTpOA

YCNEBAEMOCTH,
(popma
NPOMENYTOUHOH
aTTecTalHH
(no cemecmpam)

OCHOBHBIE TEPMHHEI H
OIIpeIeTIeHN.

Kiaccudukanus
HHTerPaJ'le_bl}{ MHKPOCXCM.

(¥
Y]
—

ITpHHLMIIEI TEXHOJIOTHH
NPOU3BOACTBA
HOJYIPOBOJHHUKOBBIX
MHKPOCXEM.

Meroabl B30/151HH 3]IEMEHTOB
B TIOJIYITPOBOTHHUKOBEIX
HUHTErpajlbHBIX MHKPOCXeMaXx.

KoncTpykTuBHO-
TEXHOJOTHYECKHE
0COOEHHOCTH HHTETPAJILHBIX
TPaH3HUCTOPOB.

HHT‘CT’pa.HBH'bIe JHOBI.

PeliTunr -
KOHTpOJIb Nel

WuTerpaibHeie

TPaH3HCTOPHBIE CTPYKTYPHI
CIHCHHAaJIbHOIO Ha3HAYCHHA.

ONeMeHTE
HONYIPOBOJIHUKOBBIX
TIOCTOSTHHBIX 3allOMHAHAKOIIHX
YCTPOHCTB.

[TaccuBHBIE 3/1IEMEHTEI
HHTETPATBHBIX CXEM.

10

Koncrpykropceko-
TEXHOJIOrHYeCcKHe IpoOIeMbl
MHKPOITEKTPOHHKH.

10

11

CoBpemMeHHBIE TEH/IEHITHH B
Pa3BUTHUH MHKPO3JIEKTPOHUKH

11

12

I'erepocTpyKTyphl B
MHKPOIJIEKTPOHHKE.

12

Peiitunr -
KOHTpOJb No2




13 | OcHORBHEBIC HanpapJIeHUs 13 2 -
(byHKIHOHANBEHON
3JIEKTPOHHKH.

14 | ®usnyeckue OCHOBBI 14 2 -+
MarHUTO3JIEKTPOHUKH.

15 | duznueckue OCHOBBI 15 2 4
HaHOJJIEKTPOHHUKH.

16 | Marepuanel HW  CTPYKTYpHI 16 2 -+
HaHOJICKTPOHHKH.

17 | DnemeHTHI W  yCTpOHCTBa 17 2 4
0JIHOJIEKTPOHHKH.

18 | DuemeHTHI MOJIEKYJIIPHOR 18 2 4 | Peiitunr -
HAHODIEKTPOHHUKH. KOHTpOJb Ne3
Bcero 3a cemecTp: 3 (18 36 18 63 | Ok3amen (27)

Hamaune B mucuuniune KIVKP . -

HTOro 1o JHCIHIIIHHE: 3 |18 |36 18 63 | Dk3amen (27)

Co,uepm'anne JIEKIIHOHHBIX 3aHATHH MO JIUCHHILIHHE

Tema 1. Ocriosrvie mepmunsl U ORPEOCACHUA.

Muxkpoanektponrka MurterpambHas — TEXHONOTHMA. [ 'pynmoBble  METOABl  TEXHOJIOTHH.
Wurerpanbuas  anekrponuka.  DyHKUMOHANBHAS — 2/ekTponuka.  MHTerpamsHas — cxema.
Hanosnextponuxa.

Tema 2. Knaccupurkayua unmezpansusix MUKpocxem.

Knaccudukanma wnterpanbubix  mukpocxeM (MMC) mo ¢yHKUHMOHATBHOMY Ha3HAYEHHIO,
CTENIEHHW MHTerpaumu, cnoco0y 3amuThl OT BHemMMX BosaedcrBuit. Kiaccupuxanms MMC mno
KOHCTPYKTHBHO-TEXHOJIOTHYECKOMY UCIIOTHEHHIO: TIOMYNPOBOAHUKOBHIC, THOPH/IHEIE H IPOYHE.

Tema 3. Ilpunyunst mexnonozuu npou3eo0cmea nOAYRPOEOOHUKOEHIX MUKPOCXEM.

Inanapro-muddy3nonnas TexHonorus. [LianapHo-siarakcuaibias TexHouorus. OcHOBHBIE
TEXHOJIOTHIECKHE OIIEpallii B IIPOM3BOJICTBE MHKpocxeM. MeTosel hopMupoBamus p-n iepexouos
B mOTynpoBoaHuKax. Jlurorpagmus.

Tema 4. Memoost usonayuu nemenmos é ROIYnPOSOOHUKOSHIX UHMEZPATbHBIX
MUKpPOCXeMax.

Msonsims  31E€MEHTOB MyTEM CO3/IaHUS  P-TI-MEPEXOJIOB, CMEMIEHHBIX B  0OpaTHOM
Hanpasienud. J(usnexrpuaeckas u3oisuys. KoMOMHHPpOBaHHAS H30JBILIUS DJIEMEHTOB.

Tema 5. KoncmpykmugHo-mexnonozuieckue 0co6eHHOCMU UHMEZPAIbHbIX
MPan3uCmopoe.

Muterpansibie GunonsipHeie TpaH3uCTOpLL. I1oJIeBble TPaH3HCTOpE ¢ p-n-niepexogom. MJITT
(MOIT) tpansucroper. Kommiemenrapusie Tpanzuctopsl KMIIT (KMOIT). Tpansuctops: tama V-
MJITL.

Tema 6. Humezpanvhsie 0uoowl.

CxemMBl THOZHOTO BKITIOYEHHS OWIONAPHBIX TPaH3UCTOPOB. MHTerpanbHbil CTaGUIMTPOH.
Wurerpamsusie M/I1-rpansucropusie apoast. Juoae: IoTTks.

Tema 7. Humezpanvusie mpan3ucmopHsie CHpyKmypol CREUYUANbHOZ0 HASHAYEHUA.

MHOrosMUTTEpHBIE TPAaH3HCTOPLL. MHOTOKOIIEKTOPHBIE TPaH3UCTOpPBI. TpaH3ucTop ¢
Oaprepom  IloTTiH. Jiudpdysnonnsie JI-M/III-rpanzucropsl.  IloseBeie  TpaH3ucTophl ¢
YIPABJBIIOIMM IEPEX0A0oM MeTal - noiynpoBoaHuk (MESFET).



Tema 8. Dnemenmot NOAYNPOSOOHUKOGHIX HOCHIOAHHBIX 3ANOMUHAIOWUX YCMPOIICMS.

M/III-TpaH3HCTOPEl €O CIPYKTYPOH METaUl-HHTPH-OKCHA noiynpopoxuuk (MHOIT -
TpansucTop). JlaBuuuo-uikekuHonnsie M/ITT-Tpan3ucTopsl ¢ ninapatonmM 3atsopom (JIMTISMJII).
M/ILI-TpaH3iCTOPEI ¢ MIABAKOILMM U yIIPaBJSIFOIIUM 3aTBopamMH (AByx3aTBopHblii MIII-Tpansucrop).

Tema 9. ITaccusnbie 3neMeHmsl UHMEZPATLHLIX CXEM.

Huterpaneneie pe3ncTopel Ha OHNOSIPHBIX CTpYKTypax. MHTerpanesHbie pesucropsi MJIIT-
TPaH3HCTOPHLIX CTPYKTYp. MHTerpanbHele KoHAEHCATOPH M HMHAYKTHBHOCTH KomMMyTanuoHHbIE
COC/THHEHMS.

Tema 10. Koncmpykmopcko-mexnonozuveckue npodnemsl MUKPOINEKMPOHUKH,

YMeHbIIEHHs] Pa3MEPOB 3JICMCHTOB MHTCIPAIBHLIX CXEM M YBEIMUYCHHE ILUIOLIAAH KpHCTATIA.
BuyTpennue MexoneMenTHBle coemunenus. TemmootBoxm, Jledexktsr momoxku.  Kontpons
11apaMeTpOB.

Tema 11. Cospemerinbie menoeryuu 6 pazeumun MUKpoOINeKmpoHuKu,

Temmel pazsutus coBpemenHbix KMOII-rexnonoruit 10 Gu3andeckux M TEXHONOTHYECKHMX
TIPENIENOB NPOEKTHPOBaHHA. BepTukanbHbIe CTPYKTYPEI 3IEMEHTOB MUKpocXeM. MHTerpiupoBaHHEIe
reTEepOreHHbIE CHCTEMBI Ha KprcTaule. PazpaboTka HaHOTEXHOJIOTHIT H HOBBIX MaTepHAIIOB.

Tema 12, I'emepocmpykmypst 8 MUKPOINEKMPOH UK.

OcHoBHplE  CBOMiCTBa rereponiepexosa. [ eTepocTpyKTypHbIE TIONEBBIE TPAH3UCTOPHI
Tpamsucrop ¢ BBICOKOH TOJBH)KHOCTBIO —JIEKTPOHOB. [ 'ereporepexoinbie  OUIOJSpHEIE
TpaH3ucTophl. MuTerpanbnbie MHKPOCXEMEI Ha TeTEPONEPEXO/THBIX MOJIEBBIX TPAH3UCTOPAX.

Tema 13. OcnosHble HANPAGIEHUA QYHKUUOHANBHOT I/1EKMPOHUKU.

CrarucTHyeckne M JUHAMHYECKHE HEOMHOPOJAHOCTH B KOHTHHYambHOW cpepe. Tumsl
HocuTenell  MHOOPMAUMOHHOIO  curHana.  OnrodsieKTpoHHKa. MaruuTosnekTponuka.
AKYCTO3NEKTPOHUKA.

Tema 14. @usuueckue 0CHOGH MAZHUMOINEKMPOH UK.

OcHOBHBIE  HampaBICHWS  Pa3BUTHS  MarHUTOneKTpoHuku.  KoHCTpykuus u
BOJIbTAMIICPHAs XaPAKTEPUCTHKA MardHUTOAMO1a. bUnoispuble MarHuTOTpaH3ucTopsl. ITonesbie
rajghbBaHOMarHUTOPEKOMOWHAIMOHHbBIE MATHUTOTPAHZHCTOPEL.

Tema 15. @uzuueckue 0cHoGbl HAHOINEKMPOHUKU

Huskopasmepubie  ctpyktypsl.  Knaccudukanus.  Crpykrypsl ¢ IBYMEpPHBIM
3]€KTPOHHEIM Tra3oM (OAHOMEPHOH MOTeHIHANbHOH smoii). Hu3kopasmepHble CTPYKTYpHI C
OJTHOMEPHEIM DNIEKTPOHHBIM Ta3oM (KBaHTOBble HHUTH). Hu3kopazmepHBIE CTPYKTYpEl C
HYJIbMEPHBIM 2JIEKTPOHHLIM Ia30M (KBaHTOBBIE TOUKH).

Tema 16. Mamepuanst u cmpykmypsl HAHOINEKMPOHUKU
IMonynpoBojHHKOBEIE MaTepHansl B HaHodnektponuke. I'paden. Vrnepoussie
HaHOTPYOKH. @ynnepensl. ['erepocTpykTypbl. MeTajuinueckue HAaHOCTPYKTYPBbI.

Tema 17. Snemenmsl u ycmpoiicmea 0OHOIIEKMPOHUKU?

OddexT OAHOIICKTPOHHOIO TYHHENUpoBaHHs. KpeMHUEBble OTHOIIEKTPOHHBIE
npubopel.  ONHODNEKTPOHHBIE TPAaH3UCTOPHI Ha OCHOBe retepocTpykryp. Crpykrypa
METAJUIHYECKOTO OJHOIJICKTPOHHOI'O TPAH3HCTOPA.

Tema 18. Inemermbl MOAEKYAAPHOU HAHOINEKMPOHUKU,

Cunrernyeckue Monekyntol W OGumomonekynsi  (JIHK) B HaHOsnekTpoHuKe.
MornexynsapHbele TpaH3HcTOpbl Ha (ymnepeHe u  yriaepoanoit HanotpyGke, IloseBoii
HaHOTPAaH3HCTOP Ha OCHOBE HAHOTPYOKH.

Copep:xanune 1a00paTOPHBIX 3aHATHH 1O JHCHHILUIHHE

Tema 1. Knaccupuxayus unmezpansHsix MUKPOCXeM.

AHanu3 KpHTEpHEB KiaccHpWKalMi MHTETPATBHBIX  MHKpocxeM. Kiaccudukanus
MHUKPOCXEM I10 KOHCTPYKTHBHO - TEXHHYECKOMY HCHOIHeHHio. M3yuenue KoHCTpyKIHid
NMonynpoBOJHHKOBBIX, THﬁpHﬂHLIX, MIEHOYHBIX MHKPOCXEM. Pacuér crenenwu HHTCTpallHH
MHKDPOCXEM.



Tema 2. lpuryuns: mexnonozuu npou3s00cmea noJynpoeoOHUKOBHIX MUKPOCXEM.

H3yueHne OCHOBHBIX TEXHOJOTHYECKHX omepamHif W WX MOCICHOBATEILHOCTH B
NPOM3BOJICTBE MOJIYNPOBOJHUKOBBIX MMKDOCXeM. AHaIM3 MeTonoB (OPMHPOBAHHS p-n
MEPEXOIOB B MOMYMPOBOJHHKAX M CO3JIaHUs TOTIOJIOTHYECKOTO PHCYHKA.

Tema 3. Memodsi u30AAWUE INIEMEHMO8 6 NOJYHPOBOOHUKOBLIX UHMIC2PAALHBIX

MUKpOCXeMax.
M3yyenne METONOB MEXKDJIEMEHTHONH M30JISIUMH B MOJIYNPOBOAHHKOBBIX HHTETPANBHEIX
MHUKpOCXeMax (obpatno CMCMEHAHBIMA  p-H-TIEPEXOJIAMH, JAUIEKTPHYCCKUH H

KOMOMHHMPOBAHHBIH METO/bI M30JILKK). CpaBHUTENILHBIH aHAIM3 USTEKTPHYECKON H3OIISIHA:
JUSJIEKTPHUYCCKHMH TIIICHKaMH, KpBMHHﬁ B JIU3JIEKTPHKE, KPEMH WH Ha JAHZJICKTPHKE.

Tema 4. Koncmpykmugno-mexnonozuieckue 0co0eHHOCMU UHMeZPanbHbIX
mpan3ucmopos.

Uzydenue CIpykTyppl H TOHOJIOTHH AaKTHBHBIX OJIEMEHTOB TOJYIPOBOTHUKOBBIX
HHTETPATBHBIX MHUKpocXeM. KOHCTpYKTHBHO-TEXHOJIOTHYECKHE OCOOCHHOCTH M BAapHAHTHI
MHTErpaibHbIX Ounosipusix 1 MITJ] — TpaH3ucTOpoB.

Tema 5. Haccusnsie 31eMeHmobl UHMEZPAALHBIX CXEM.,

H3ydenune CTpyKTypsl M TOTIONIOTHH TIACCHBHBIX JJIEMEHTOB MHTETPAIBHBIX MHKPOCXEM.
Huterpanbueie pesucTopbl Ha OMIOJSIPHBIX CTPYKTypax: AH(OdY3HOHHbIE PE3HCTOPHI, MHHY-
PE3UCTOpPLI,  MOHHO-JIETHPOBaHHBIE  pe3ucTophl.  WHTerpansueie  pesucroper  MJIII-
TPaH3HCTOPHBIX  cTpykTyp. Konnencarope:: auddysnonnrie, MJIl — koHAeHCATOPHL
IInenovneie KOHAEHCATOPR! THOPHIHBIX MEUKPOCXEM.

5. OUEHOYHBIE CPEACTBA JJIsI TEKYHUIETI'O KOHTPOJISA YCIIEBAEMOCTH,
IIPOMEXYTOUYHOM ATTECTAIIUU 10 UTOI'AM OCBOEHMS AU CIUTLINHBI
U YYEBHO-METOAUYECKOE OBECIIEYEHUE CAMOCTOATEJABHON
PABOTHI CTYJAEHTOB

5.1 Texkymuii KOHTPOJIb YCNEBAEMOCTH
(peumunz-xonmpons 1, peimunz-koHmpons 2, peumunz-KoHmpons 3)

K OHMPOJ/IbHbIE 6ONPOCHI

Peiimunz - konmpons Nol

. IlonsiTe MUKpPO3/IEKTPOHHKH, HAHODJIEKTPOHHUKH, HYHKIHOHATHHOMN SIIEKTPOHUKH.

. TlonaTHe UHTErpaTbHON TEXHONOTHH, IPYNNOBBIX METO/IOB TEXHOJIOIHH.

Knaccudukanusi uHTerpaibHeIX MEKPOCXeEM M0 (hyHKIIMOHATEHOMY HA3HAYCHHIO.

Knaccudukanus HHTErpayibHbIX MHKPOCXEM I10 CTENEHH HHTErPALIHH.

Knaccndukanms HHTErpaibHBIX MHKPOCXEM TI0 KOHCTPYKTHBHO-TEXHOTIOTHYECKOMY

UCTIOTHEHHIO.

6. Ilpunuune mianapHo-1Hdy3HOHHON TEXHONOTHH TIOMYTIPOBOTHHKOBKIX HHTETPAJIbHBIX
MHKPOCXEM.

7. TlpuHUMIIBI INIAHAPHO-MHTAKCHATEHONW TEXHOJOTHH TTONYPOBOAHHKOBEIX

HHTETPANbHEIX MUKPOCXCM.

Merozp! GopMHPOBAHHS -1 MEPEXOJIOB B MOJIYTIPOBOJAHUKAX.

. Buasl muTorpaduu B IpoH3BOACTBE MHKPOCXEM.

10. 30551115 571EMEHTOB B MOMTYTPOBOIHHKOBEIX HHTErPATBHBIX MHKpPOCXEMax 00paTHO
CMEIMEHHBIMH pP-H-1IEPEX0IAMHA.

11. Bujtel JMoIEKTPHYECKON H3O0MAIMHA NIEMEHTOR B MOMYTPOBOAHHKORBIX HHTEIPAIbHBIX
MHUKpOCXEMax.

12. KomMbunupoBanHas H307111s JIEMEHTOB B MOTYTIPOBOIHUKOBBIX HHTETPATbHBIX
MHKpOCXEMax.

.
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Peiimune - konmpons Ne2
H306pasure KOHCTPYKIMIO MIAHAPHO - SMHTAKCHATHLHOTO A1 - p-n TPAH3UCTOPA CO CKPBITHIM
HO,HKOIIII@KTDPHHM CIIOCM.
H300pa3urte KOHCTPYKIMIO YETEIPEXIMHTTEPHOTO TUIAHAPHO-ITTHTAKCHATEHOTO
TpaH3HCTOpA.
H300pazute KOHCTPYKLHIO p - KaHambHOro MJIIT — Tpan3ucTopa ¢ MH/IyIIHPOBAaHHBIM
KaHaoMm.
M300pa3ute KOHCTPYKLMIO N - kKanambHOro MJITT - TpaH3ucTOpa ¢ HHIYITMPOBAHHEIM
KanamoMm.
H3o0pasure koHCTpYKIHIO T DY3HOHHOTO pe3ucTopa B 6a30BOM CII0€ CTPYKTYPHI
OMTIONAPHOTO TPaH3UCTOPA.
N3obpazure koHCTpYKIHIO TH((DY3HOHHOTO KOHEHCATOPA HA SMHTTEPHOM p-H-TIEPEXOJIE.
Mzobpasure korcTpyKkimo M1 — kongencaropa.
H3o6pazute konctpyknuio KMJIIT Tpansuctopa.
M3obpasute KoHCTpyKIMIO Tpanzucropa tana V-M/IIT.
IIpuBenuTe CXEMBI TMOTHOTO BKITIOYEHUS OUMOIAPHBIX TPAH3UCTOPOR.
N300pasure KOHCTpYKLMIO OMNOJISIpHOTO TpaH3ucTopa ¢ 6apsepom HIoTTKH.
H306pazure KOHCTPYKIHIO MOJIEBOTO TPAHIUCTOPA C YIIPABIISIOUIKMM IIEPEXON0M METAILI
- HOJIYIIPOBOHHK.
HU3obpasute konctpykuuu M/IIT TpaH3uCTOPOB HOMYIIPOBOAHUKOBBIX IIOCTOSHHBIX
3allOMMHAOIIMX YCTPOHUCTB.

. TToscauTe KOHCTPYKTOPCKO-TEXHOJIOITHYECKHE IIPOGHBMI)I MHKPO3JICKTPOHHUKH.

Peiimunz-xonmpone Ne3
3akon Mypa kak OCHOBa OIIEHKH TeMIa Pa3BUTHS MUKPOITIEKTPOHHBIX TEXHOJIOTHIA.
@u3HYeCKHe U TEXHOJIOrHYECKHE npeaensl npoektupoanus KMOIT-texnonormii.
BeprukaiibHble CTPYKTYpPhl KOMIIOHEHTOB CXEM.
MHTerpupoBaHHbIE reTepOreHHBIC CHCTEMEI Ha KPUCTALIE.
I'ereponepexoiHpie OUNONSPHEIE TPAHZHCTOPEI.
['eTepocTpyKTypHBIE IOJICBEIC TPAH3UCTOPHI.
WuTerpanpHble MEKPOCXEMBI Ha FeTEPOTIEPEXO/IHBIX MOJIEBRIX TPAH3UCTOPAX.
Tune! Hocureneit nHpoOpMaNMOHHOrO cHrHana B QyHKIUMOHAIBHON 3JIEKTPOHUKE.
KoncTpykuus u BonbTaMiiepHas XapakTepHCTHKa MAarHUTOIMO/A.
BH]IDHSIPHLIB MardHTOTPaH3uCTOPHL.
Ionesrie ranbBaHOMarHUTOPEKOMOMHAITHOHHEIE MATHUTOTPAH3UCTOPBI
Knaccudukaimst HU3KOpa3MEpHBIX CTPYKTYP.
TonynpoBOAHUKOBEIE HAHOCTPYKTYPEL.
MerannuyecKue HaHOCTPYKTYPHL.
OnHO27eKTPOHHBIE TPAH3UCTOPHI HA OCHOBE FETEPOCTPYKTYP.
CrpyKTypa METa/ZIMYECKOT0 OJJHOMIEKTPOHHOI'O TPAH3UCTOPA.
Monekynspaelie Tpan3uCTOPH Ha (ytepeHe U yriepoaHol HaHOTPYOKE.
IloneBoi HAaHOTPAH3MCTOP HA OCHOBE HAHOTPYOKH.

5.2 IlpomeskyTOouHAS ATTECTAIASA 0 HTOrAM OCBOCHHS JHCHHILIHHBI (3K3aMEH)

Bonpocel 0142 nodzomoeku K IK3ameHy
OcHoBHbIC TEpMMHBI M onpeaeneHns. MUKpoanekTponnka MHTerpanbHas TeXHOIOTHS.
Mnurerpanbnas snektpoHuka. MHterpanpHas cxema. @OyHKIHOHAIbHAS 3IEKTPOHHKA.
HanosnekTpoHuKa.
Knaccuduxaiins HHTErpambHBIX MHKPOCXEM 110 (PYHKUHOHAILHOMY Ha3HAYEHHIO,
CTENEHH UHTErpaluy, Cloco0y repMeTH3aluH I 3alIHThl OT BHENTHUX BO3/ICHCTBHI.
Knaccudukanus HMHTETpabHBIX MHKPOCXEM 110 KOHCTPYKTHBHO-TEXHOJIOTHYECKOMY
HCIIOJIHEHHUIO: NIOJIYIIPOBOAHHKOBbIE, THOPHIHBIE, TINEHOTHBIE MUKPOCXEMBL.
TIpuHIMIE TEXHONOTHH TPOM3BOJCTBA TOJYIPOBOJHUKOBEIX MHKpPOCXeM. basoBnie
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TEXHOJIOTHH: TIaHapHo-1ubdy3noHHas, TNaHAPHO-3MHUTAKCHATEHAS.

OcCHOBHbIE TEXHOJIOTHUECKME OIEpaluy B HNPOHU3BOACTBE MHKpOcxeM. MeToml
(dbopMHUpOBaHUS p-n NEPEXOIOB B MOTYNPOBOTHHKAX.

Bunpl intorpadun B 1pou3BOACTBa HHTETPAJILHBIX MUKPOCXEM.

MCTOJIBI H30TATIHH DJIEMEHTOB B HOHYI'[]JOBOI[HHKOBB]X HHTCTpaJIbHbIX MHKpOCXEMax.
Mzonsiuust o6paTHO CMEIIEHHBIMM p-D-iepexonamu. JluosiekTpuueckas H30IAIHA.
KombunupoBanHas u3onsius.

Bu/tel 1M371€KTPUUECKOH H30/SLMH 3JIEMEHTOB B HOJIYIPOBOJHHKOBBIX HHTETPANBHEIX
MHKpOCXEeMaXx.

KOHCTpYKTHBHO-TEXHOJIOTHYECKHE OCOOEHHOCTH M BAPHAHTLI CTPYKTYP HHTETPATbHBIX
OMIMOJIIPHBIX TPAH3UCTOPOB,

KOHCTPYKTHBHO-TEXHOJNIOTHYECKHE BapuauThl crpykryp MIIJI — TpaH3HCTOpOB.
Crpyxtypa V-M/II1 — tpanzuctopa. KommnemernTapusie Tparzucropsl (KMJILT).
Wurerpaneueiec auojsl. CxeMmbl [JUOAHOrO BKIOUEHHS OHIONSPHBIX TPAH3HUCTOPOB.
Hnrerpaneublii cTabumuTpoH.

Hnterpanensic MII-rpan3uctopueie guoast. Juoas [loTTku.

MHOTOOMHTTEPHEIE TPaH3UCTOPBl. MHOTOKOJICKTOPHBIE TPAaH3UCTOPEL. bBHIONSpHEIH
TpaH3ucTop ¢ 6apsepom IlloTTKH.

Jiuddysuonnsie JI-M/AI1-TpaH3ucTOpPBL HHTETPAILHBIX MHKPOCXEM.

IToneBple TPaH3HCTOPBI C YNPABIAIONAM TEPEXOJIOM METaT - TOJNYIPOBOIHHUK
(MESFET).

DJEMEHTHI TOJIYTPOBO/IHMKOBBIX TOCTOSHHBIX 3aMlOMHHAIONMX ycrpoiicts: MJIII-
TPAH3UCTOPbl CO CTPYKTYPOH MeTaul-HUTpUA-OKcua noaynposoaauk (MHOIT —
TPAH3HCTOP).

DJIeMEHTHI I10JTYIIPOBOAHUKOBBIX IOCTOSHHBIX 3AlIOMMHAIOIKX YCTPOHCTR: JIABHHHO-
uHKeKiHonable MJII1-Tpan3ucTops! ¢ nnapatomuM 3arsopom (JIMII3MIIT). MJII1-
TPAH3UCTOPHI ¢ IUIABAIOILMM H YIIPaBJIAIOMUM 3aTBOPaMH (AByx3aTBopHBI M/JIII-
TPAH3UCTOP).

HMuterpansubie pe3ucropel Ha OHIONSPHBIX CTPYKTYpax. VHTerpaibHble pe3ucTophl
M/II-TpaH3ucTOpHBIX CTPYKTYP.

WurerpanbHble KOHJAEHCATOPbl W HHAYKTHBHOCTH KOMMYyTauuoHHBIE COEJIMHEHHS B
HMHTErpabHBIX MUKPOCXEMaX.

KOHCTPYKTOPCKO-TEXHOJIOTHIECKHE NPOGIEMBbI MUKPOIIEKTPOHHKH.
KoncTpykTopeko-Texnonoruyeckas mpodieMa YMEHBIICHHS TOIMOJIOIHYECKUX Pa3MEPOB
3JIEMEHTOB HHTETPAIBLHEIX CXEM H YBEJIMUYEHUS [UI0IAM KPHCTAILTA.

IlepcnekTHBHBIE MeTOABI JHUTOrpadu¥ B peUieHHH [pobJIeMbl  YMEHbIICHHS
TOIIOJIOTMYECKHX Pa3MEPOB DJIEMEHTOB HHTEPATLHEBIX CXEM.
KoncTpykropeko-TexHonorndeckas npobiiema BHYTPEHHHX MEXK3JIEMEHTHBIX
COCAMHEHUH B MHTErpaJIbHBIX MHKPOCXEMax.

Temner  pazeutus  coBpemeHHbix KMOIll-texnonornii  go  dusuueckux
TCXHOJIOTHYECKUX IIPEJIENIOB IPOEKTHPOBaHHA. 3akoH Mypa.

BepTukanbHele  CTPYKTYpBl 3JEMEHTOB HMHTETPalbHBIX MHKpocxeM. CTpykTypa
BepTHKanbHoro moaeBoro Tpansucropa (FinFET). Tpexmepnas apxurexrypa
HHTETPAJIBHBIX CXCM.

MuTerpupoBannLie reTeporeHHbIe CHCTEMBI Ha KPHCTALIE.

OcHogrHbIe cBOMiCcTBa reteponepexoa. I'ereponepexo/iHbie GHITOJSIPHEIE TPAH3HCTOPBI.
[‘eTepocTpyKTypHblE TONIEBble TPAaH3UCTOPhL. MHTerpambHBIE MHKPOCXEMBI  Ha
FETCPONEPEXOAHBIX I10JEBBIX TPaH3uCTOpAX.

Tunel nocureneit nHGOPMAITHOHHOTO CHrHATA B (PYHKIIMOHAIBHOM EKTPOHUKE.
OcHoBHbIC HanparieHns GyHKIIMOHATBHON 3JICKTPOHUKH.

QDu3MIECKHe OCHOBBI M OCHOBHBIE HANpaBIeHHs pa3BUTHS MAaTHHUTOSJIEKTPOHHKH.
KOHCTP}'K].IH&I H BOJIbTAMIICPDHAA XaPaKTCPHUCTHKAa MarHuToaAuoaa.



31. bunonspueie MarmyrorpaHsucropbl. [loneBrle rajibBaHOMarHMTOPEKOMOHHAIIMOHHbIE
MarHHTOTPAH3HCTOPEHL.

32. HuskopasmepHble  cTpyKTyphl.  Kiaccudukauus. CTpykTypel € JABYMEpPHBIM
3JIEKTPOHHBIM Ta30M (OTHOMEPHOH NMOTCHITHAIBHOH SMOH ).

33. Hu3kopa3MepHble CTPYKTYpPbl C OJHOMEPHBIM 3J€KTPOHHBIM Ta3zoM (KBAHTOBBIE HHTH).
Huskopa3mepHbie CTPYKTYPbI C HYJIbMEPHBIM 3JIEKTPOHHBIM 1'a30M (KBAaHTOBBIC TOUKH).

34. IlonynpoBOAHUKOBLIE Marepualibl B HaHodekTpoHuke. ['paden. VYrieponaunie
HaHOTpYOKH. @ynnepensl. ['eTepocTpyKTypHI.

35. Metajuideckue HaHOCTPYKTYPbI B HAHODJIEKTPOHHKE.

36. DddexT ONHOIIEKTPOHHOrO TYHHeNHpoBaHHi. KpeMHHEBBIE OIHOJICKTPOHHEIC
NpHOOPLI.

37. OnHOONEKTPOHHBIE  TPAaH3UCTOPhl  HAa  OCHOBe  rerepoctpykryp.  Crpykrypa
METAIJIMYECKOr0 OIHOAIEKTPOHHOTO TPaH3HCTOPA.

38. DneMeHTH  MOJIEKYISPHOH  HaHOPMEKTpOHHKH. CHHTCTHYCCKHE  MOJCKYJbl M
Oouomonexyins! (JIHK) B HanosnekTponuke.

39. MonekynspHsle TpaH3HCTOpel Ha (ysuiepeHe M yriepoaHoi HaHoTpyOke. [losnesoii
HaHOTPaH3UCTOP Ha OCHOBE HAHOTPYOKH.

40. Hano3/1eKTPOHHBIE 3alIOMUHAIOIIHE YCTPOMCTBA

5.3. CamocToaTeabHas paboTa oby4aromerocs

CamocrosaTenbnas paboTa CTyI€HTOB BKIIOYAECT M3YYEHHE TEOPETHYECKOrO MarepHaia,
BBITIOJTHEHHE JTaD0PAaTOPHEIX padoOT, NOATOTOBKY K PEHTHHI - KOHTPOJIIO, BHIIOJIHEHHE OTYETA 110
NIPaKTUYECKOH MOATOTORKE.

Bonpocut ona camocmoamenshoii pabomut

Temb1 1-9
[ocHoBHas nuTepatypa: 1-4; nomonHUTENEHAS TATEpaTypa:2]

Kiaccupukanus HHTErpaJibHBIX MEKPOCXEM.

IIpHHIMIIBI TEXHOTOTHH MPOH3BOJICTBRA MONYNPOBOIHHKOBBIX MHKPOCXEM

OCHOBHBIE TEXHOJIOTMYECKHE OIIEPALIMH B IPOA3BOICTBE MHKPOCXEM.

Mertozp! popmMupoBaHKSs - IEPEXOJIOB B MOTYTIPOBOTHHKAX.

Bupipl mntorpaduu B IpOM3BOACTBE MUKPOCXEM.

CrnocoOsl H30SIHMHA SNEMEHTOR B MOTYTIPOBOTHUKOBBIX MHKPOCXEMaX.

KoHCTpyKTHBHO-TEXHOIOTHYECKHE BAPUAHTH] MHTEIPAILHBIX TPAH3HCTOPOB.

KoHcTpyKinn HHTer paTbHBIX JHOIOR.

WurerpanbHpie TPaH3HCTOPHbIE CTPYKTYPHI CHIEHHAIBHOTO Ha3HAYEHHSL.

0. KoncrpyktuHo-TexHonorndeckne papuanTsl MJIII-rpaH3ucTOpOB NOIyIPOBOAHHKOBEIX
IIOCTOSIHHBIX 3allOMMHAIOIMX YCTPOHCTB.

11. INaccuBHEIE 3NIEMEHTHI HHTErPAIbHBIX CXEM.

Tembr 10-12
[ocHOBHas IMTEpatypa: 5; JoNOIHUTEIBHAA IuTeparypa:1-4|

KoHCTpyKTOpCKO-TeXHOMOrH4ecKHe mpodIeMsl HHTErPAThHONH MUKPO3NEKTPOHHKH.
CoBpeMEHHBIE TEHICHIMH B PA3BUTHH MHKPO2JIEKTPOHHKH

TpexmepHas apXUTEKTYpa HHTETPANIbHEBIX CXEM.

WnterpupoBaHHbIe reTepOreHHBIE CUCTEMBI HA KPHCTAILIE.

['eTepocTpyKTypHBIe NONEBbIE U OHMONSPHBIE TPAH3HCTOPEL.

. MnTerpaipHbie MEKPOCXEMBI Ha I€TE€PONEPEXO/IHBIX MOJEBBIX TPAH3HCTOpAX.

Temnr 13,14

[ocHOBHas nuTeparypa: 3,5; nononHATENbHAs JIuTeparypa:4]
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1. Tunel HocuTenel HHOPMAITMOHHOTO CHTHANA B (DYHKIMOHATBHON SJICKTPOHHKE.
2. OcHosHble HapaBiicHHs (QYHKIHOHAILHOM JIEKTPOHUKH.



3. ®uznuecKHe OCHOBbI MATHHTOIIEKTPOHHKH
4. MaruuToino b1, GUMONAPHEIC W NOJIEBBIC MATHHTOTPAH3UCTOPH.

Tembr 15-18

[ocHoBHas uTeparypa: 5; nonmomHUTENbHAs JTeparypa:2,3,5]
Knaccundukanusa 1 KHHETHYECKHE CBOHCTBA HH3KOPA3MEPHBIX CTPYKTYP.
[TonynmpoBOAHMKOBBIE MATEPHAJIbI B HAHOIJICKTPOHHKE.,
Merannndeckue HaHOCTPYKTYPhI B 3JIEKTPOHHKE.

DU3MYECKHE OCHOBBI, IEMEHTH M YCTPOMCTBA OAHOZICKTPOHHKH.
@Ou3uyecKHE OCHOBbI ¥ HJIEMEHTHI MOJIEKYIAPHOM NMEKTPOHHUKH.
HamnosnekTpoHHbIE 3aMOMHHAOIHME YCTPOUCTBA.

QLB

@onx  oueHo4yHbix MarepuanoB (POM) and mpoBesicHWs AaTTECTAUMH  YPOBHS
copMupoBaHHOCTH KOMIETEHIHI 00ydaromuxcs no JAUCUMIUIMHE ODOPMIISETCS OTAENbHEIM
JIOKYMEHTOM.

6. YHEBHO-METOJIUYECKOE H UH®OPMAILIUOHHOE OBECIIEYEHUE
JAUCHUIIJIUHBI
6.1. KnuroobGecrmeyeHHOCTH
HaumeHoBaHHE NMHTEpaTypHhI: l'on KHUTI'OOBECITEYEHHOCTH

aBTOP, Ha3BaHHC, BUA H3/IAHAL, | H3MAHUA | Hanygpe B o1eKTPOHHOM KaTtanore DBC
H3/1aTE/IbCTRBO

1 2 3
OcnoBHas nuTepatypa
1. Edumoe, U. E. OcHoBEI 2021 https://e.lanbook.com/reader/book/16772
MHUKPO3JIEKTPOHUKHU: yueOHHK / 7/#1

H. E. Epumos, U. 5. Kosbips.
— 3-e u3a. — Cankr-
Iletepbypr: Jlans, 2021. — 384
c.— ISBN 978-5-8114-0866-5.

2. Konenos, JI. A. Texuonorus 2021 https://e.lanbook.com/reader/book/16775
H KOHCTPYKIIHS MHKPOCXEM, 0/#1

MHKPONPOLECCOPOB 1
MHKpocOopok: yaebHoe
nocobue / JI. A. Konenos. — 3-
e u3jl., crep. — Cankr-
[MerepOypr : Jlans, 2021. — 400
c. — ISBN 978-5-8114-0766-8.
3.Crapocensckuii, B.U. ®uznka 2015 https://bookree.org/reader?file=716104
MOMYTPOBOIHUKOBBIX IPUOOPOB
MHKPO3JIEKTPOHUKH. YuebHoe
nocobue a1a By3o8/ B.M.
Crapocenbckuii M.
Uamatensctro IOpaiit, 2015. -
467 c




4. CmupHoB, B. A. ®uznveckue
OCHOBBEI MUKPOJIEKTPOHHKH:
yuebHoe nocobue / B. A.
Cwmupuos, O. B, lllyBaesa. -
Mocksa; Bonorna: Mudpa-
Huxenepus, 2021. - 232 c. -
ISBN 978-5-9729-0711-3.

2021

https://znanium.com/catalog/document?i
d=385200

5. Cmupnos, 1O. A. OcHoBEI
HaHO - ¥ QYHKUMOHAIBHOM
JNIEKTPOHUKH: yueOHoe mocobme
/10. A. CmupHos, C. B.
Coxonos, E. B. TutoB. — 2-¢
u3a., ucnp. — Cankr-
[TerepOypr : Jlans, 2021. — 320
c.— ISBN 978-5-8114-1378-2.

2021

https://e.lanbook.com/reader/book/16852
1/#309

JononuurensHas

JIUTEpaTypa

1. Ilonos, B. /1. ®u3znueckue
OCHOBBI IPOSKTHUPOBAHUS
KPEMHHEBBIX LH(POBBIX
HHTErpaibHEIX MHKPOCXEM B
MOHOJIMTHOM U THOpHIHOM
ucrnoHenuu: yaebuoe mocobue
/ B. 1. ITonos, I'. ®. benosa. —
Cankr-Ilerepbypr: Jlans, 2021.
— 208 ¢. — ISBN 978-5-8114-
1375-1.

2021

https://e.Janbook.com/reader/book/16851
8/#1

2. Bopotenes B.M., ba3oprie
TEXHOJIOI'MH MHKPO- ¥
HaHOMJIEKTPOHHKH /
Boporsiaues B. M., Ckynos B.
J1. - M.: TIpocnekT, 2017. - 520
c. - ISBN 978-5-392-25297-8. -

2017

http://www.studentlibrary.ru/book/ISBN
9785976519633.html.

3. 3ebpes [.U. Ouznueckue
OCHOBBI KpEMHHEBOH
HaHO3JIEKTPOHUKHA
[OnexTponnsrii pecypc]:
yuecOHOe 1ocobue st By30B/
3ebpes I.M.— DnexTpon.
TEKCTOBbIE JaHHble.— MockBa:
Jlabopatopus 3nanuit, 2019.—
241 ¢

2019

https://obuchalka.org/2017102597034/fiz
icheskie-osnovi-kremnievoi-
nanoelektoniki-zebrev-g-i-201 1.html

https://bookree.org/reader?file=1427836

4 Kongpammn A A.,
CoBpeMeHHBIE TEXHOJIOTHH
HM3TOTOBJICHHS TPEXMEPHBIX
3JIEKTPOHHBIX YCTpOHCTB: Yuel.
nocobue / Konapauus A.A.,
JIamun A.H., Cnenmos B.B.
W3zpn-e 2-e, ucnp. u gomn. - M. :
Texnocepa, 2019. - 210 c. -
ISBN 978-5-94836-504-6.

2019

https://www.technosphera.ru/files/book
pdf/0/book 536 155.pdf

5. Urnaros, A .H.
Hanoasnexrponuka. Coctosnue

2017

http://znanium.com/catalog.php?bookinf
0=462120




U [1EPCIEKTUBLI pa3BUTHA: yuel.
nocodue / A.H. Urnaros. — 2-¢
U31., crep. — Mocksa:
DJIMHTA, 2017. — 360 c. -
ISBN 978-5-9765-1619-9.

6.2.1lepaoauveckne W31anus

1. Kypnan «M3Bectus By30B: 3JIEKTPOHHKA

2. Kypuain «Hano - 1 MUKpPOCHCTEMHAs TEXHHUKAY»

3. Kypran «MuKpO3JIeKTPOHHKA .

4. Kypuan «Pu3uka 1 TeXHHKA TOTYTIPOBOTHHKOB Y.
5. Kypnan «Kypnan texandeckoi GpHU3HKHY

6.3.UHTepHeT-pecypcesl

https://vlsu.bibliotech.ru

www.bibliorossica.com

www.studentlibrary.ru

www.e.lanbook.com

www.ZNANIUM.COM

www.iprbookshop.ru CoBpemennas npogeccuonaibnas 6asa JaHHbIX.
www.academia-moscow.ru CoBpemeHHast ipodeccHoHanbHas 6a3a JaHHbIX.
www.normacs.ru Madopmaumnonnas cpaBounas cucrema.
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7. MATEPHAJIBHO-TEXHHYECKOE OBECIIEYEHHUE JUCHHUITIJIUHBI

JIns peanmusanuH JHCHMIUTHHBI MMEIOTCS CIENHalbHbIE MOMEIICHUS Ul [IPOBENEHHUS
3aHSTHHA JIEKUMOHHOIO THIA, 3aHATHH NPaKTUYECKOrO THIA, TPYNIOBBEIX W HHAMBHIYATLHBIX
KOHCYJIBTAllMH, TEKYWEro KOHTPOIA M TPOMEXKYTOuHO# arrecranmu. JlaGopartopueie paboThl
POBOAATCS B laboparopuu 324-3.

Iepeuens ucnonk3yeMoro THIEH3HOHHOTO MporpaMMHoro obecniedenns:MS Office.



PaGouyio nporpammy cocrasuia gonent ®ponosa T.H. gaﬂo wob a

Penenzent
(npeactaBaTens padoromareis),

3aMECTHUTENDL IIMTaBHOT O H'H}KBHCpa 110 MOATOTORBKE Hp0H3BOI[CTBa

— riasHbii Texnonor OAO «Bagumupcekuii 3aBoa «Onexrponpubop»,
3atines M.K.

ITporpamMma paccMoTpena u ofobpena Ha 3aceanuu  Kadeapsl "DnekTpoHuka, NpubopocTpoeHHE 1
OuoTexHHYecKHe cucTeMbl"

IlpoTokon Ne £ or 37. 2&. 2021 rona %
3apenyronmit kapeapo# Tarmreimesckuii K.B. %

Pabouas nporpamma paccMoTpeHa U 0400peHa Ha 3acelaHui Y4eOHO-MeTOAYecKOi
Komuccun HanpasineHus 11.03.03 "DnexTponuka, IpubOpOCTPOCHHE M OHOTEXHHYCCKHUE CHCTCMB!"

IIporoxon Ne 7/ or JF7. ©8 2021 rona
[Mpencenarens komuccuu Tarmermerckmii K.B. 2 - 40!'7,4{/;
V4




JJUCT NNEPEYTBEPKIAEHHSA
PABOYEH MNPOTrPAMMBI JUCHUNJIUHBI

Paoyas nporpamma ogobpena ra 20 22 /20 23 yuebHsiii roga

TIpoTokon 3acenanns kadeper Ne £ or 3004 -52 roga
— ¢
3asepyrommii kadeapoi 226¢ Z2% {:ﬁw&ww&ﬂ’ﬂuf LA : )
/7 _

Paboyas nporpamma o06pena na 20 /20 y4eGHBIH roza

[Ipotokon 3acenanus kadeaps No oT roja

3apeayrommii kadeapoi

Pabouas nporpamma onobpena Ha 20 /20 yueOHEIH roga

ITpoToxon 3acemanus kadepsr Ne oT rona

3aBenylomuit kadeapoi




