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1. Heau u 3a7a4u NPOrpaMMsblI

[{enbio mporpaMMBbl SIBISETCA YCTAaHOBJIEHHE 00beMa M YPOBHS MpodeccroHaIbHBIX
3HAHUM  MOCTYMAIOWIETO B AaCIHUPAaHTYpy Ha CHEHUaIbHOCTh ‘“TBeproTenbHas
ANIEKTPOHUKA, PATMOANIEKTPOHHBIE KOMIIOHEHTHI, MUKPO- W HAHOIJIEKTPOHUKA U
puOOPHI HAa KBAaHTOBBIX A dekTax”.
3amaun, oOecneuuBarole JAOCTHKEHME OTOM 1€/, BKIIOYAIOT 3HAHUS
CIICAYIOIIMX OCHOBHBIX Pa3/eNioB, BKIIOUEHHBIX B IPOTPaMMY:
o Ou3MKa KOHJEHCUPOBAHHOTO COCTOSIHUSA
e [IpubGops! TBEPAOTEIHHON AIEKTPOHUKH U MUKPOAJIEKTPOHUKH
e HanosnexkTpoHuka u mpubopsl Ha KBAHTOBBIX P deKTax
e TexXHOJOrHYeCKUe MPOIECChl MPOU3BOACTBA MOIYIPOBOAHUKOBBIX MPHOOPOB
Y UHTETPAIbHBIX MUKPOCXEM
e OOecrieyeHue KayecTBa M HAJEKHOCTH MOJYHNPOBOAHUKOBBIX NPUOOPOB U
UHTETPAIbHBIX MUKPOCXEM
e ABTOMATH3UPOBAHHOE MPOCKTHPOBAHHE WHTETPAIBHBIX MHKPOCXEM H
TEXHOJIOTMH UX U3TOTOBJICHUS.

2. TpeOGoBaHMS K 3HAHUSAM, YMEHUSAM M HABBIKAM 3K3aMeHYeMOI'0

QKBaMeHyeMBIﬁ JOJIDKCH 3HATh:

e OCHOBBI 30HHOM TCOpUN TBCPAOro T1Cjia U CTATUCTHUKH HOCHUTEJICH 3apsaaa B

MOJIyITPOBOTHUKAX;
o OCHOBHBIC XapaKTEPUCTUKA U PEKUMBI PpabOThl MOJYIPOBOJHUKOBBIX
pubOpOB;

e OCHOBBI paboThl NMPHOOPOB HA KBAHTOBBIX d(DPEKTax M C HMCIOIH30BAHHEM
HU3KOPa3MEPHBIX CTPYKTYD;

e OCHOBHBIE TEXHOJIOTUYECKHE MPOIIECCHl MPOU3BOJCTBA TOJYIPOBOJHUKOBBIX
pUOOPOB U UHTETPATBHBIX MHUKPOCXEM;

e OCHOBBI OOECIEYCHHE KauyecTBa H HAJACKHOCTH TOJYIPOBOIHUKOBBIX
pUOOPOB M HHTETPATBHBIX MUKPOCXEM;

e OCHOBBI aBTOMATHU3UPOBAHHOTO MPOCKTUPOBAHUSI WHTETPATBHBIX MUKPOCXEM H
TEXHOJIOTUH WX U3TOTOBJICHUS;

JOJKEH YMETh!

e HHTEPIPETHUPOBATH 3aKOHOMEPHOCTH HU3MEHEHHUsS (U3MUECKUX IapaMeTpoB
MaTE€pUAJIOB MPY BHEIIIHUX BO3JACHCTBUSX;

e PAcCUMTHIBATHL OCHOBHBIE XapaKTEPUCTHUKU PaOOTHI MOIYIPOBOJIHUKOBBIX
npUOOPOB B PA3IMYHBIX PEXKUMAX;

e TMPOEKTUPOBATh MPOLECCHl H3TFOTOBJICHUS M3IAEIUNA MUKPOIJIEKTPOHHOM
TE€XHUKH,;
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e HCIIOJIB30BATH MaTEMaTH4YCCKUC AJIrOPpHUTMBI I OIITUMU3alINHN
IMPOCKTUPOBAHUA HHTCTPAJIbHBIX MUKPOCXEM.

3. Coaepxanne MporpaMMsl

Paznien 1. @usuka noaynpoBOIHUKOB

Tema 1.1. Ilpuposa XuMHUECKON CBS3M B NOJYNpPOBOAHUKaX. CTpyKTypa
KpuctayioB. aeanbubie U peanbHbie KpucTawisl. Jle@ekTsl B kpuctamiax. CBoicTBa
OCHOBHBIX MOHOKPHUCTAJUTMYECKUX MaTepHAIOB MUKpodJIeKkTpoHuKkHU: Si, GaAs, Ge.

Tema 1.2. Tlonukpucramindeckue W aMOp(HBIC MOJYIPOBOJAHUKH. 3O0HHAS
TEOpHsl TBEPAOrO Teja. ODHEPreTUYECKHe CHEKTPhl 3JIEKTPOHOB B MeETalIax,
MOJYNPOBOJHUKAX, JUAJEKTPUKAX. 30HA MPOBOJMMOCTH U BaJICHTHAas 30Ha.
O dexTrBHas Macca nekTpoHa. COOCTBEHHBIE U MPUMECHBIE MOJIYTPOBOIHUKH.

Tema 1.3. PekomOuHaius Hocuteled 3apsga. PexkoMOWHamus «30Ha-30Ha» H
pexomMOuHanus yepe3 npuMmecu U aedextsl. PexomOunanusa Xosna-Ilokmu-Puna.
Huddysunonnas amHa npobera U BpeMs KU3HU HocuTenel 3apsana. [loBepxHocTHas
peKoMOUHAITHS.

Tema 1.4. DnexkTponpoBOAHOCTh MNOJYNPOBOAHMKOB. Hocutenu 3apsinia B
c1aboM 3JIEKTpUUECKOM TMoje. B3aumopaeilicTBue HocuTene 3apsaa ¢ (OHOHAMH,
NPUMECHBIMHU aTOMaMH, AedekTamu. [10JBUKHOCTE JIEKTPOHOB U AbIPOK. Juddy3us
u gperd Hocurenmed  3apsga. CooTHomleHue — OWHIITEHHA.  YpaBHEHUE
HENpeppIBHOCTU.  YpaBHeHue Ilyaccona. Hocurenm 3apsma B CHIIBHOM
DNEKTPUYECKOM  moje. [opsume  2IeKTpoHbl.  JIaBUHHOE  YMHOKEHHE B
MOJIyIPOBOJHUKAX. DJIEKTPUUECKUE JOMEHBI U TOKOBbIE IIHYPHI. D dekT ["anna.

Tema 1.5. T'ereponepexonpl. KoHTakT MeTami-nmoaynpoBOAHUK. OMUYECKHA |
BBINPSIMIISFOLUN ITEPEXOIBL.

Tema 1.6. TepmosnekTpudeckue SBICHHA. [epMO- M TallbBAaHOMAarHUTHBIC
abdextrr. DpdexT Xomna.

Tewma 1.7. Tlornomienue U3Iy4eHUs: B MOJYIMPOBOJHUKAX. DOTOMPOBOIUMOCTD.
CriekTpanbHble XapaKTepUCTUKU (OTONMPOBOAMMOCTH. [Ipyrue BUIbI BHYTPEHHEIO
dbotorddexra.

Tema 1.8. WM3mydenue cBeTa monaynpoBogHUKaMu. [IpsiMble W HempsiMble
nepexoAbl HOcUTeNed 3apsiia. Buapl JTIOMUHECUEHUMU: WHXKEKUIMOHHAs, KaToJo-,
(hOTOIFOMUHECTICHITHS.

Jlureparypa

1. anumoBa K.B. ®uzuka nomynpoBoaHukoB. — M.: Beicmias mkona, 1976,
1986.

Amkpodt H., Mepmun H. @u3suka tBepaoro tena: B 2 . — M.: Mup, 1979.
[TankoB H. OnTrnueckue npoueccsl B oaynpoBogHukax. — M.: Mup, 1983.

4. Crenanenko W.I1. OcHoBbl Mukposnexktpouku. — M. JIB3. 2004.

w N



5

5. IlaBnoB B.IIL., XoxnoB A.®D. ®usuka tBepaoro tena. — M.: Beicmias mikona,
1985. — 384 c.

6. I'pubkoBckuit B.II. Teopus mnorjomeHuss W HUCIYCKaHUs CBeTa B
nojaynpoBogHukax. — MH.: Hayka u Texnuka, 1975.

7. ®duzuka xoHaeHcupoBaHHoro cocrosinus / B. A. TlNonbnane, JI. C. IlunHuyk. -
Munck : benapyckas HaByka, 2009. - 657 c.

8. BBenenue B TEOpHIO TOJYIPOBOJHUKOB: ydyeOHOE MOCOOME [JIsi BBICIIUX
y49eOHBIX 3aBENCHUNA MO (PU3NYECKUM ¥ TEXHHUYECCKUM HaIpaBICHUSIM U
cnetuansHocTAM / A. U. Ancensm. - Msa. 3-e, crepeotunHoe. - CaHKT-
[TerepOypr [u ap.] : Jlanb, 2008. - 618 c.

9. IletpoBny B.A.®u3uka MOJYNPOBOAHUKOB [+  BJEKTP. BapUaHT]
METOMYECKOe mocodue mo Kypcy "®dusmka TBEPAOTO Tena" s CTYACHTOB
cnell. "MUKpO- U HAHOARJIEKTPOHHBIE TEXHOJOTMU U cuctembl”, "KBaHTOBbIE
uHdopmaimonuslie cuctembl”" Bcex Gopm oOyuenus / B. A. Ilerposuu, C. A.
Bomuék. - Munck : BI'YUP, 2005. - 59 ¢

10. bonu-bpyesuu,B.JI.®du3nka noxynpoBOIHUKOB : y4eOHOE TOCOOHE sl BY30B
/ B. JI. bonu-bpyesuu, C. I'. Kanamnukos. - 2-e u3f., nepepad. u gom. - M. :
Hayxka, 1990. - 685 c. : un.

11. Manumona,K.B.duzuka mnoxynpoBogHukoB : ydeOHoe mocobue / K. B.
[[Tammmoga. - 3-¢ u3., epepad. u gom. - M. : DHeproaromusaat, 1985. - 392
C.

12. 3eerepK.®dusnka nmoaynpoBoaHUKOB [+ 3nekTp. Bapuant| / K. 3eerep ; mep. ¢
anri. ; nox pex. 0. K. [Toxensl. - M. : Mup, 1977. - 616 c.

Paznen 2. [Ipubopsl TBEpIOTENBHON 3NEKTPOHUKU U MUKPOIJIEKTPOHUKU

Tema 2.1. IloaympoBogHukoBble  auOoAbl. (OCHOBHBIE  TapaMeTpbl |
XapaKTEPUCTUKHU JHUOJOB, UX 3aBUCUMOCTh OT TEMIEPATYPhl U PEXKUMA U3MEPEHHUS.
OKBUBAJICHTHbIE CXEMbl. MIMITyJIbCHBIE M YaCTOTHBIE CBOWMCTBA AUOAOB. DU3MKO-
TOIMOJOTUYECKUE MOJICIIA TUO/IOB.

Tema 2.2. BeimpsmurtenbHble W UMITysbcHbIC Auoabl. CBY guonbl. {uonmsr ¢
HakoruieHueM 3apsifa. Bapukanbl. CtaOunutpoHbl. TyHHENbHBIE U OOpalieHHBIC
nuojbl. JlapuHHO-TIpoieTHbIe Auoabl. Jlnoasl IoTTKY.

Tema 2.3. bumnonspasie TpaH3uctopbl. CTpyKTypa M TPUHIHUIN JEHCTBHUSL.
Pacnpenenenne moToka HOCHTENCH B aKTUBHOM HOPMAJIBHOM pPEXUME pPabOTHI.
Oddexr DOpnu u ero craeactBusi. OCHOBHBIE MapaMeTpbl U XapaKTEPUCTUKU
TPaH3UCTOPOB, UX 3aBUCHMOCThH OT TEMIIEPATYPhl U PEKUMA. DKBUBAJICHTHBIC CXEMBbI
U MaTeMaTHYEeCKHE MOJCIM TpaH3ucTopa: DOepca Mona, JIuHBuiuta, 3apsmpoBas.
MrynbCcHBIE W 4YacTOTHBIE CBOMCTBAa TpaH3UCTOpOB. Pabora TpaH3ucTopa mpu
BBICOKOM YPOBHE HMHXEKIMH. Bumbl mpobos Tpansuctopa. [Ilymsl B TpaH3ucTOpax.
Momninsie Tpan3uctopel. CBY TpaH3uCTOpBI.

Tema 2.4. JIByX- U TpPEXdJNEKTPOJAHbIE TUPUCTOPHI, MPUHIMI HX JIEHCTBUS U
kiaccudukaiys. OCHOBHBIE TapaMeTPhl U XapaKTEPUCTUKH.

Tema 2.5. [1oneBbie TPaH3UCTOPHI C YIPABISIOMIUM P-N-TIEPEXOO0M U 3aTBOPOM
[Mortku. Ilpunuun npeiictBus. Mopaymsiusa rayOuHsl  kaHajma. (OCHOBHBIE
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ANEKTPUYECKUE MapaMETPbl U XAPAKTEPUCTUKU  TPAH3UCTOPOB. DKBHUBAJICHTHBIC
cxeMbl. HaCTOTHBIE U UMITYJIbCHBIE CBOMCTBA TPAH3UCTOPOB.

Tema 2.6. Iloneeie MOII-Tpan3uctopsl. Mpeansnas u peanbHas MOII-
CTPYKTypbl. BennunHa mNOpPOroBOr0 HANpPSDKEHUST W MYTH €€ PETyJIUPOBAHUA.
[TapameTpsl. @usznueckas IKBUBAJICHTHAs] CXeMa U YaCTOTHbIE CBOMCTBA. D (DEKTHI,
CBSI3aHHBIC C MAJIBIMU pazMepaMmu TpaH3ucTopa. Momnsie CBY MOII-TpaH3ucTOpHI.
MAII TpaH3ucTopbl co BcTpoeHHbIM KaHaioM. MHOII-ctpykTypbl. ®@usnko-
tonosiornyeckue mojaenn MOII-TpaH3ucTopos.

Tema 2.7. Unrterpanpupie Mukpocxembl. Kraccuduxaruss HHTErpaibHBIX
MUKPOCXEM 10  KOHCTPYKTHBHO-TEXHOJIOTHYECKOMY H  (DYHKIIMOHAJIHLHOMY
npusHakaM. [ludpoBeie U aHamoroBble MHUKpPOCXeMbl. [lomynpoBOJHUKOBBIE
3aIIOMHUHAIOIINE YCTPONCTBA U MUKPOITPOLIECCOPBI.

Tema 2.8. IlpubGopsr ¢ 3apsamoBoil CcBs3pt0. [IpwHIWMI ACHCTBUSA, OCHOBHBIC
napameTpbl U 00J1acTH MPUMEHEHHUS.

Tema 2.9. OnTosnexrponnsie mpubopsl. HazHauenue m 00JacTH MPUMEHEHHS.
doronpueMHUKH: (POTOANOIBI, (POTOTPAH3UCTOPHI, (POTOPE3UCTOPHI, JIABUHHBIC
dbotommoapl. OCHOBHBIE MapaMeTpbl U XapaKTEPUCTUKHU: (POTOUYBCTBUTEIHHOCTD,
OoOHapyXHUTeJIbHAasi  CIOCOOHOCTh,  ObicTponeiicTBue.  ConHeuHble — OaTapewu.
[ToynpOBOTHUKOBBIE HM3Ty4YaTeNIM: CBETOAMONBI W Jiasepbl. [Ipubopsl it cucrteM
oroOpaxkeHus uHpopmaruu. ONTPOHBI W ONTODJEKTPOHHBIE HHTETPabHBIC
MHKPOCXEMBI.

Tema 2.10. TepModIEKTpUUECKUE W TaTbBAHOMArHUTHBIC MOJTYIIPOBOTHHUKOBBIC
npuoOopsl. TBEpAOTENbHBIE TaTYMKH, BKIIOYAsT MUKPOIJIEKTPOHHBIE Pe0Opa3oBaTesn
uH(popManuu.

Jluteparypa

1. Konocuunbia b.C., CrenanoB A.A. [TonynpoBOJHUKOBBIE MPUOOPHI MUKPO- U
HaHodJIekTpoHukH. MH.: BI'YUP, 2018. — 196.

2. Konocuumpin b.C. Momubsie 1 CBY mosnynpoBOIHUKOBBIE MPUOOPHL. MH.:
BI'VUP, 2008. — 143.

3. Konocuunpin b.C. DneMeHTsl MHTErpajbHBIX cXeM. PU3NYECKHEe OCHOBBI. —
Man.: BI'VUP, 2001. — 138 c.

4. AbpamoB N.U. Jlekiuu 1no MOAeIMPOBAHUIO MHTETPaIbHBIX cxeM. MockBa —

Mxesck: HULL PX/I, 2005. — 152 c.

Crenanenko MN.I1. OcHoBbl MukposnekTpoHuku. — M.: JIB3, 2004.

6. A6pamoB W.M. MonenupoBanue (QU3NYECKUX TMPOIECCOB B IBJIEMEHTaX
KPEMHHUEBBIX MHTETPATbHBIX MUKpocxeM. — MH.: BI'Y, 1999. — 189 c.

7. Komocuuneia b.C. DnexkTpoHHBIE MPUOOPHI HA OCHOBE TOJYIPOBOIHUKOBBIX
coequnennii. — Mu.: BI'VUP, 2006 r. — 102 c.

8. OCHOBBI JIEKTPOHUKH U LU(PPOBON cxeMOTeXHUKHU: yueOHoe nocodue / H. B.
Cyxanosga. - Boponex : BIYUT, 2017. - 95 c.

9. OCHOBBI CHJIOBOI AJNEKTPOHMKHU: OT a30B K BeplurHam Mmacrepctsa / lycToB
M. A. - Mocksa : Hayka u texnuka, 2017. - 335 c.

o
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10. TBepaoTenbHast SJEKTPOHUKA: ydeOHOE IMOCOOME il BBICHIMX Y4eOHBIX
3aBEJICHUM 110 HAIpaBJIEHUIO TOATOTOBKHM OakaiaBpoB, maructpoB 010700
"®uzuka" u cneruanbHoctd 010701 "duzuka" / B. I'yptoB. - 3-e¢ u3n.,
nonoJiHeHHoe. - MockBa : Texnocdepa, 2008. - 510, [1] c.

Paznen 3. HanosnekTpoHuka v mpuOopbl Ha KBAHTOBBIX A PeKrTax

Tema 3.1. KBaHTOBOE OrpaHWYECHHE W OCHOBHBIC THUIIBI HHU3KOPa3MEPHBIX
CTPYKTYp — KBAaHTOBBIC TOYKH, IITHYPHI, IJICHKU. TyHHenupoBaHue. bammuctruueckuii
TpaHcnopT. CriuHOBbIE 2P HEKTHI.

Tema 3.2. DieMeHTbI HU3KOPA3MEPHBIX CTPYKTYpP — CBOOOJIHAS MOBEPXHOCTH U
rpaHuIel pasgena. CBepxpemieTkn. MoJearpoBaHUE aTOMHBIX KOHPHUTYpaluid B

HAaHOCTPYKTYypax.
Tema 3.3. CTpyKTypbl € KBAHTOBBIM OIPAaHMYEHUEM, HMHAYLIHUPOBAHHBIM
BHYTPEHHHUM JJIEKTPUUECKUM TIOJIEM — TIEPUOJMYECKHE KBAHTOBBIE KOJIOIIIBI,

Moy mauMOHHO-JIETUPOBAHHBIE CTPYKTYPBI, A€IbTa-JIErMPOBAHHBIE CTPYKTYPHI.

Tema 3.4. CTpyKTypel C KBaHTOBBIM OTpPaHHUYCHHEM, WHAYIIUPOBAHHBIM
BHYTPEHHHM  JJeKTpudeckuM mnojieM —  MOII-CTpyKTypbl, CTPYKTypsl C
PACHIEITIEHHBIM 3JIEKTPOAOM.

Tema 3.5. TexHomornmuecknue MeTOIbl (POPMUPOBAHUS  HAHOPA3ZMEPHBIX
CTPYKTYp. XHMHUECKOE OCaXJACHHE U3 Tra3oBOMl (a3pl ¢ HUCHOJIB30BaHUEM
METAJIIOOPraHUYECKUX COCIMHEHUN. MonexkynspHo-1y4eBas SIIUTAKCHUS.
OJNeKTpOHHO-Ty4YeBass JuTorpadus. ATOMHas WHXKEHEpUs C HCHOJIb30BaHUEM
CKAHUPYIOIIETO TYHHEJIBHOIO M aTOMHOIO CHJIOBOIO MMKPOCKOIIOB. MeTozsl
30HA0BOM  uHkeHepuu. Hanomurtorpaduueckue  Meronasl.  PopMupoOBaHUE
HAaHOCTPYKTYP B CAMOPETYIIUPYIOLIUXCS IPOLECCax.

Tema 3.6. MaTepuainibl ¢ €CTECTBEHHBIM HAaHOCTPYKTypupoBaHueM. llopucTsiii
KPEMHHU, MOPUCTHIE OKCHUJBI, YIIEPOJIHbIE HAHOCTPYKTYpPHI (yJuiepeHbl, rpades,

HAaHOTPYOKHU.
Tema 3.7. OcoOeHHOCTM TepeHoca HOCHUTENeW  3apsjga B HaHOpPa3MEpHBIX
CTPYKTypax — OaJLTUCTUUECKUN TpaHCIOPT HocuTener 3apsga. KBaHToBaHue

MPOBOJIUMOCTH B CTPYKTypax ¢ OQUTUCTUYCCKUM TPAHCIOPTOM. OJIEKTPHUECKOE
COMPOTHUBJICHUE HU3KOPA3MEPHOTO MHOTOIIOIIOCHHKA. BiMsHUE MarHUTHOTO TIOJIS Ha
TpaHCTIOPT HocHTenel 3apsana. Dpdext AapoHoa-boma. KBantoseiit addext Xomna:
WHTETPaJIbHBIN U IPOOHBIN.

Tema 3.8. OIHORJIEKTPOHHOE TYHHEJIMPOBAHWE B YCJIOBHUSX KYJIOHOBCKOM
Onokanpl. SIBiaeHUs B omHOOAphepHOM U JByXOapbepHOU cTpykTypax. Co-
TyHHEJMpOBaHue. Pe30HaHCHOE TYHHENTMPOBaHUE Yepe3 KBAHTOBBIN KOJIOEII.

Tema 3.9. DNEeKTPOHHbIE npudopsI Ha KBAHTOBBIX s dexTax.
WNnrepbepenmonnsie TpaH3ucTopbl. [Ipubopsl Ha sddexre 0aHOIIECKTPOHHOTO
TyHHenupoBaHus. Jluoapl w  TpaH3ucTtopel Ha 3d@dexre PE30HAHCHOTO
TYHHEJITMPOBAHUS.

Tema 3.10. OcHOBBI CIIMHTPOHUKH. Dddexr TUTaHTCKOTO
MarHUTOCOIIPOTUBIICHHs. | yHHEIBHOE MArHUTOCONPOTUBJICHUSA. CIHMHTPOHHBIC
PUOOPHI — TATYNKH MAaTHUTHOTO TIOJIS, SJIEMEHTBI TTAMSITH.



Jluteparypa

1. bopucenko B. E., BopooseBa A. 1., YTkuna E. A. Hano351eKTpOHUKA: TEOPUS U
npaktuka. — M.: bunom, 2013. — 366 c.

2. Borisenko V.E., Ossicini S. What is What in the Nanoworld (Wiley-VCH,
Weinheim, 2004).

3. Aopamor WN.U., HoBux E.I'. UucinenHHoe MojenupoBaHuE METALTHYECKUX
OJIHORJICKTPOHHBIX TPAH3UCTOPOB. — MH.: bectnipunt, 2000. — 164 c.

Paznen 4. TexHomornueckue mporecchl MPOU3BOICTBA MOIYITPOBOHUKOBBIX
pUOOPOB U UHTETPATIBHBIX MUKPOCXEM

Tema 4.1. Omnpenenenve Kpucrauiorpapuyeckol OpUEHTAUUU  IUIACTUH
MOJIyIPOBOJHUKOB. OpUEHTUPOBAaHHAS pe3Ka, NUIM(OBKA U MOJUPOBKA MIACTHH.

Tema 4.2. Xumudeckoe TpaBIEeHUE M XUMHUYECKas TIOJIMPOBKA TepMaHUs,
KPEMHHS M apceHuaa TauiMs. XUMHKO-MEXaHW4yeckass nojupoBka. DunHuiIHas
OUYHMCTKA IJIACTUH. METOIbl KOHTPOJISI KAYECTBA OUUCTKH.

Tewma 4.3. JlerupoBanue MoaynpoBOJIHUKOB BEICOKOTEMIIEPATYpHOU Au(y3uen
npuMeceil. PU3NYECKre OCHOBBI M OCHOBHBIE ypaBHEHHs. |'paHUYHBIE YCIOBUS U
pacuetHble (OpMyJbl JUIsI HauOosJee BaXKHBIX YAaCTHBIX CllydaeB AUPQYy3Un.
[TpakTHueckue MeTo bl MpoBeACHUS TU(PHY3UOHHBIX TPOLIECCOB.

Tema 4.4. JlerupoBaHue NOJYyNPOBOJHUKOB MOHHOW uMIUTaHTanuen. [Ipodumm
pacnpeneneHns HUMIUIAaHTUPOBAaHHOM mpuMmecu U JedeKToB. Pexpucramimsanus
MMIUTAHTHPOBAHHBIX CJIOEB U OTXKUT JE(PEKTOB.

Tema 4.5. [lnazmMoxumMuyeckue M HMOHHO-TJIA3MEHHBIE METOAbl 00pabOTKU
HOJyIPOBOJHUKOBBIX, AUDJIEKTPUUECKUX U METAUIMYECKUX cioeB. JleeKTsl,
BHOCHUMBIE 3JIEKTPOHHO-UOHHOM 00pabOTKOM, MX yCTpaHEHHUE.

Tema 4.6. ®opMupoBaHre dNUTAKCHABHBIX cI0eB. Pacnipenenenne npumeceit u
ne(eKThI B SIMUTAKCHAIIBHBIX CIIOSIX.

Tema 4.7. ®opMHUpOBaHUE OKCUIHBIX CJIOEB. TepMUUYECKOE OKUCIIEHUE KPEMHMUS.
AHOIHOE OKHCIIEHNE METANIOB U MOJIYIIPOBOIHUKOB.

Tema 4.8. ®opMUpOBaHHE TOHKMX IUICHOK: TEPMHUYECKHM HCIAPEHUEM B
BaKyyMe€, HOHHbIM M MOHHO-TUIA3MEHHBIM PACIBUIEHUEM, XUMHUYECKUM OCAKIECHUEM
u3 ra3oBoil ¢aspl. OOOpyAOBaHUE JUIS MOTYYEHHUS] M KOHTPOJIS MMapaMeTpOB TOHKHX
IUIEHOK.

Tema 4.9. @opmupoBaHHE TOMOJOTHMH 3JIEMEHTOB  IOJYIPOBOJAHUKOBBIX
npuOOPOB M HMHTETPATBHBIX MHUKpOcXeM: ¢oTomuTorpadus, IIEKTPOHHO-TyUYeBas
autorpadus u  peHrreHorpadus. TpaBiieHHe METAIOB, MOJYIPOBOJHUKOB,
JTUAJIEKTPUKOB: KHUJAKOCTHOE, IUIA3MEHHOE, HOHHOE, HOHHO-TUJIa3MEHHOE.

Tema 4.10. OCHOBBI KOHCTPYUPOBAHHS MOJYIPOBOJHUKOBBIX WHTErPATbHBIX
MUKpOcXeM. MeToabl H30JSLUK 31eMeHTOB. WM3omnaHapHas TEXHOJIOTHS, SIUK-
MpolLIecC, TEXHOJIOTUS «KPEMHUN Ha U30JISTOPE».

Tema 4.11. Tunsl MHTETPANBHBIX MUKPOCXEM B 3aBUCUMOCTU OT TEXHOJIOTHH UX
U3TOTOBJICHHUS. [TonynpoBOIHUKOBBIE UHTErpalibHbIE MUKPOCXEMBI.
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TOHKOTUICHOYHBIE WHTETPAbHBIE MHUKPOCXEMBI. TOJICTOIJICHOYHbIE WHTETPaIbHBIC
MUKPOCXEMBI. [ HOpHUIHBIE HHTETPATBHBIE MUKPOCXEMBI.

Tema 4.12. C60pKa 1 MOHTaX MOJIYIIPOBOJJHUKOBBIX MPUOOPOB U MHTETPAIbHBIX
mMukpocxeM. Kopiryca moaynpoBOJHHUKOBBIX TPHOOPOB U HHTETPAITBHBIX MUKPOCXEM.
Metoasl repMeTusanuu. beckopmycHbie mpruOopbl. MeTo bl 0TBO/IA TEIUIA B MOIIIHBIX
TIOJTYTIPOBOTHUKOBBIX TIPHOOpax.

Jluteparypa

=

Texnonorus CBUC: B 2 1. / [Tog pex. C.3u. — M.: Mup, 1986.

2. IlpoextupoBanne CBUC / M. Barana6s, K. Acana, K. Kann, T. Ouyku. —
M.: Mup, 1988.

3. Kunocwura K., Acana K., Kapamy O. Jlornueckoe npoexktupoBanue CBUC. —
M.: Mup, 1988.

4. KazéunoB I'.I'., CoxonoB A.I'. TIpuHIIUIIBI ¥ METOMOJIOTHUS TMOCTPOCHHUS
CAIIP BUC. — M.: Beicui. mk., 1990. — 142 c.

5. Xumnueckasi o0pab0OTKa M TEXHOJIOTMH WHTErpalibHbIX Mukpocxem / B.IL
Bacunesnu, A.M. Kucens, A.b. Mensenea, B.M. Ilnebanosuu, HO.A.
Pomnonos. — ITononk: III'Y, 2001. — 260 c.

6. Pomuonos O.A. Jlutorpadus B mpou3BOACTBE UHTETPATHHBIX MUKPOCXEM.
— MHn. [u3zaitn [1PO, 1998.

7. KazénnoB I'.I'., CokonoB A.I'. OcunoBsl noctpoenusi CAIIP u BCTIIII. —
M.: Beicmi. mk., 1989. — 200 c.

8. OcCHOBBI MPOCKTUPOBAHUS UHTErpaiIbHBIX cxeM u cuctem / I'. I'. KazenHos.
- Mockaa : bunowm. Jlaboparopus 3nanuii, 2009. - 295 c.

9. Amamim3 u  mpeoOpa3oBaHue  CTpyKTypHbix omucanuii  CBUC /
J.N.Yepemucunos. - MuHck : benopycckas nayka, 2006. - 274, [1] c.

10. UnTerpansabie MUKpOCXeMBI : cripaBouHUK / b. B. TapaOpun [u np.] ; mox
pen. b. B. Tapabpuna. - 2-e¢ uza., uctp. - M. : DHeproatomusaat, 1985. -
528 c. : mn.

11. TlpoekTrpoBaHKE MHTETPATBHBIX MHUKpOcxeM. JlabopaTopHbIil MPaKTUKYM

[+ amekTp. BapuaHT] : mocodue s ctyaeHToB By3oB / B. E. I'any3o [u ap.].

- Munck : BI'VUP, 2012. - 52 ¢. : un

Paznen 5. O0ecnieueHue KayecTBa U HaJACKHOCTH MOJIYIIPOBOJHUKOBBIX MPHUOOPOB U
MHTErPaJIbHBIX MUKPOCXEM

Tema 5.1. Opranu3aiysi KOHTPOJISI Ka4yeCcTBa MOJYIPOBOJIHUKOBBIX TPUOOPOB U
MHTETPAIBHBIX MHUKPOCXEeM. MeTOoapl M3MEPEHUs] CTATHYECKHX, IUHAMUYECKHX,
UMITYJIbCHBIX M IITYMOBBIX TTAPAMETPOB MOIYITPOBOTHUKOBBIX MPUOOPOB.

Tema 5.2. Bunbl  mpoW3BOACTBEHHBIX  WCIBITAHUU. KomnuecTBeHHBIE
XapaKkTepUCTUKHA HAACKHOCTH. OKCIUTyaTallMOHHAsl HAJEXHOCTh. HaaexxXHOoCTb
AJIEMEHTOB UHTETPAIBHBIX MUKPOCXEM.

Tema 5.3. Knaccudukarss 1 OCHOBHBIE BUBI OTKa30B. MeXaHU3Mbl OTKAa30B.
Craructrueckue u pu3ndecKkre MeToIbl aHATIN3a U TPOTHO3UPOBAHUS OTKA30B.
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Tema 5.4. [leiictBHe paguanuu Ha TOJXYIPOBOJAHHUKOBBIE MNPHUOOPHI H
WHTErpajbHbIE MUKPOCXEMBI.

Jluteparypa

1. YepnsbimeB A.A. OCHOBBI HaJIKHOCTH MOJYIPOBOJHUKOBBIX MPUOOPOB U
UHTETPAIBHBIX MUKpOcXeM. — M.: Paauo u cBs3b, 1988. — 256 c.

2. YmpaieHue KauecTBOM JIeKTpOoHHBIX cpeacTB / [lox pex. UI.I1. ['myakuna. —
M.: Beicm. mk., 1994.

3. JlutBunckuit W.E., Ilpoxopenko B.A., CmupaoB A.H. Ob6ecneuenue
0€30TKa3HOCTH MHUKPOXJIEKTPOHHOM ammapaTypbl Ha JTare MpOW3BOJACTBA. —
MH. benapycs, 1989.

4. ®uszuka OTKa30B IMOJYNPOBOJHUKOBBIX MNPHUOOPOB U HHTErPAJbHBIX CXEM:
nocodue A CTYACHTOB YUYPEKIEHHUS BBICIIET0 00pa30BaHMsl, 00yUYalOMUXCs
no crnenuanbHocTsM 1-31 04 02 "Paguoduszuka", 1-31 04 03 "duzuveckas
anekTponuka" / B. M. bop3aos, B. M. Monodees, A. H. CetyH. - MuHCK :
BbI'Y, 2015. - 154, [1] c.

5. Ob6ecneueHue M MOBBIINICHUE HAJEKHOCTH MOITYIPOBOAHUKOBBIX MPUOOPOB U
MHTETpaJIbHBIX CXEM B Ipolecce cepuitHoro mpousBojactsa / M.W.I'opios,
JLII.Anydpues, O.JL.bopatoxka. - Mu. : U3n-Bo HITO "WUurerpan", 1997. -
389 c.

6. Tompmane, B. A. ®usnka koHAeHCHpOBaHHOTO cocTostHMs / B. A. T'onbnane,
JI. C. Ilunuyk ; nox pea. H. K. Meimikuna. - MuHck : benapyckasa HaByka,
2009. - 657 c.

7. ®umep, J. 3. Dnexrponuka - oT Teopuu K npaktuke / JI. 3. @umep, X. b.
I'etnang ; mep. ¢ anrn. 1. H. Momkoga. - M. : Dueprus, 1980. - 389 c. : ni.

8. Komocuunein, b. C. ITlomynpoBOJHUKOBBIE NPUOOPHI W HWHTErPalbHBIC
MuKpocxemsl : yuebnoe nocodue [gorn. MO PB] / b. C. Konocuwuisin, I1. I1.
Cremenko, B. B. lllynsros. - Mu. : Amandes, 2002. - 272 c.

9. Komocuunein, b. C. TlonynpoBOJHUKOBBIE TPUOOPBI U DJIEMEHTHI
WHTErPaJIbHBIX MUKPOCXEM [+ 3JIEKTp. BapuaHT] : yueOHOe mocobue : B 2 4. Y.
2 : Momnsie nomymnpoBoguukosbie mpubopsl / b. C. Komocuuipsin, /. b.
Murac. - Musnck : BI'VUP, 2016. - 158 c. : nin.

10. Komocuuubia, b. C. TlomynpoBOgHUKOBBIE TPUOOPBI H  DIIEMEHTHI
MHTErPAIbHBIX MUKPOCXEM [+ 3JIEKTp. BapuaHT] : yueOHoe mocoodue : B 2 u. Y.
1 : O®usuka aKkTUBHBIX 3JIEMEHTOB HHTerpaibHbix Mukpocxem / b. C.
Konocnunein, H. B. I'anonenko. - Munck : BI'YUP, 2016. - 196 c. : un.

Paznen 6. ABTOMAaTU3UpPOBAHHOE MTPOCKTUPOBAHUE UHTETPAIIBHBIX MUKPOCXEM U
TEXHOJIOTHUH WX U3TOTOBJIEHUS

Tema 6.1. OcHOBBI aBTOMAaTU3UPOBAHHOTO MIPOEKTUPOBAHUS
MOJIYITPOBOJTHUKOBBIX TPHUOOPOB M HWHTETPATBHBIX MHUKPOCXEM. APXUTEKTYPHOE
MPOEKTUPOBAHHUE. O YHKIIMOHAIBHO-JIOTUYECKOE MPOEKTHUPOBAHUE.

CXxeMOTeXHUYECKOE IMPOCKTUPOBAHUC. KOHCprKTOpCKO -TCXHOJIOTHYCCKOC
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npoektupoBanue. CucCTeMbl aBTOMATH3MPOBAHHOTO TMPOEKTHUPOBAHUS M HX
CTPYKTYpa.

Tema 6.2. mxeHnepHoe u puznueckoe NMPUOMDKEHUS K 3aja4aM OMHCAHUS
TEXHOJOTHUECKUX TIPOIIECCOB  MHUKPOIICKTPOHUKUA. (OO000IIEeHHOe ypaBHEHHE
HENPEPBIBHOCTH, UCTIONTb3YEMOE npu MO/JICTTUPOBAHUN MIPOIIECCOB
nepepacpeneneHuss — npumeceil.  PHU3UKO-MATeMaTHYECKOE  MOJCIUPOBAHHE
IPOIECCOB MOHHON MMIUIaHTauu MU (y3n0OHHOTO TIepepacnpeaesieHus] MpuMecei,
OCaXXICHUS U OKUCIICHUSI KPEMHHUSL.

Tema 6.3. KommpioTepHOE€  MPOEKTHPOBaHHE  MPUOOPOB U CHUCTEM
MUKPO3JIEKTPOHUKUA. Y POBHH KOMIIBIOTEPHOTO MPOESKTUPOBAHMS IPHUOOPOB U CHCTEM
MUKPOIJICKTPOHUKUA.  XapaKTEPUCTUKA  OCHOBHBIX  IPOTPAMMHBIX  IAKETOB
CXEMOTEXHUYECKOTO MPOCKTUPOBAHHSI.

Tema 6.4. CkBO3HOE TPOCKTHUPOBAHHME TEXHOJIOTHH/TPUOOPA/CXEMBI B Cpefe
NPOrPaMMHOTO KOMIUIeKca KommaHuu Silvaco. HasHadueHue, BO3MOXHOCTH H
opranu3zanus padoTsl B cpenax moayieit ATHENA u ATLAS. Co3ganue CTpyKTyphbl
MOJICIIUPYEMOT0 Mpruodopa.

Tema 6.5. Crartuctuueckuii aHaiu3 W ONTHUMHU3ALUS TEXHOJIOTHYECKUX
apaMeTpoOB H3TOTOBJIECHUS M3ACIUN MHKPOAIEKTPOHUKH. OCHOBHBIE MOJIOKEHUS
pelieHusl 3aJauyd  CTaTHUCTUYECKOrO0 aHaiW3a ¢ ONTUMH3AIMUA  TEXHOJIOTHH
W3TOTOBJICHUSI UHTETPAIbHBIX MUKpOcXeM. JIokanbHbIe U TJI0OAbHBIE (IIyKTyalluu
TEXHOJOTHUECKUX  TapaMeTpoB.  MeToapl  anmmpoKCHMalud — Pe3yabTaToB
KOMIBIOTEPHBIX M HATYpPHBIX AKCIEPUMEHTOB. METOA MOBEPXHOCTH OTKJIMKOB IS
CTaTUCTUYECKOM  OOpabOTKH  pe3yJIbTaTOB  KOMIBIOTEPHBIX M HATYpPHBIX
IKCIEPUMEHTOB. [LmaHupoBaHne SKCIEPUMEHTA.

Jluteparypa

1. MOII-CBUC. MoaenupoBaHue 3JIEMEHTOB M TEXHOJOTMYECKUX MPOLIECCOB/
[Tonpen. I1.ArToHeTTH U Ap. - M.: Pagno u cBs3b.- 1989.

2. Hemaes B.B.,, Cremmuukuii B.P. VYueOHo-MeTommueckoe  mocooOue
“CTaTUCTUYECKM aHAIW3 M  ONTUMM3AIUA TEXHOJIOTUYECKHUX IMapamMeTpOB
W3rOTOBJICHUSI MHTErpaibHbIX MUKpocxeMm”. MH. BI'VUP, 2002.- 39 cc. (B ToM uucie
B AJICKTPOH-HOM BUJIE)

3. Henae B.B., Cremnunkuii B.P. Yuebnoe nmocodue (¢ rpudoom Munodpa Pb)
“OcnoBel CAIIP B mMukpoanekTponuke. MonenupoBaHiue TEXHOJIOTHH U Tipubopa’.
Mu. BI'YUP, 2008.- 220 cc. (B TOM 4YucIie B 3IEKTPOHHOM BUJE).

4. Henaes B.B., Cremmuukmii B.P. VYueOHoe mocobue “TexHomormyeckoe
MIPOEKTUPOBAHNE WHTErpaibHbIX MHKpocxeM. [Iporpamma SSUPREM4”.- MuHck,
BI'YUP, 2004.- 102 ctp. (B TOM 4HCE B SIEKTPOHHOM BHUJIE).

5. Henaes B.B., Cremmunkuii B.P. YueOHoe mocobue “Pabora B cpeme makera
ATHENA 1 npoeKTUpPOBaHUS TEXHOJIOTMM MHTETPAJIbHBIX MUKPOCXEM .- MHUHCK,
BI'YUP, 2005.- 137 ctp. (B TOM YHCIIE€ B DJICKTPOHHOM BUJIE).

6. Haitoyk M.H., Henaes B.B. Meronnueckoe nocobue “IIporpamMmMHbIii MOAYJTb
GUI-SUPREM III st npoeKkTUpOBaHUS TEXHOJIOTMM HMHTETPAIbHBIX cxem”. MH.
BI'YUP, 2007.- 43 cc. (B TOM 4uCII€ B JIEKTPOHHOM BHJIE).
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7. MogenupoBaHue MOJYNPOBOJHUKOBBIX MPUOOPOB U  TEXHOJIOTUYECKHUX
nporieccoB/ Ilom pen. JI. Mwmiepa. MonenupoBaHue MOJYITPOBOTHUKOBBIX
npuoopoB. - M.: Paano u cBs36.-1989.

8. Antoniadis D.A., Hansen S.E., Dutton R.W. SUPREM Il — A program for IC
process modeling and simulation / Stanford Electronics Lab.— Tech. Report.— 5019-
2.—1978.

9. byOennukoB, A. H. ®U3UKO-TEXHOJIOTMYECKOE MPOEKTUPOBAHUE OUIOJISPHBIX
sanemeHnToB KpeMHueBbix BUC. A. H. byoennuxos, A. JI. CanoBaukos. - M. Paguo u
cBs3b, 1991. — 288 c.

10. Henaes B.B., Cremmuuxuii B.P. VYueOnoe mocobue ‘“‘TexHojgormueckoe
MIPOCKTUPOBAaHKUE WHTErpaibHbIX cxem. IIporpamma SSUPREM IV”. Mu. BI'YUP.
2004. 102 c.



