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Conepxanue

1. [lepeueHs TUTAHUPYEMBIX PE3YIBTATOB OOYUCHHUS 10 TUCIUTUIMHE, COOTHECEHHBIX C
IUTAHUPYEMBIMH pe3yJibTaTaMi OCBOEHHUsI 00pa30BaTeNbHOM MporpamMmal. 3
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1. [lepeyeHb MIaAHNUPYEMBbIX Pe3yJIbTATOB 00YYEeHHS 10 JUCUMUIJIMHE, COOTHECEHHBIX C
IVIAHUPYEMBIMHU Pe3yJIbTaTaAMM OCBOCHHSI 00pa30BaTe/IbHOI NMPOrpaMMBbl.

L{enb ocBoeHUs qTUCHUIUTMHBL «[0TyTIpOBOTHUKOBAS 3JIEKTPOHUKAY — JaTh MarucTpaHTaM 0a30BbIC
3HaHUS 110 OCHOBHBIM pa3neiiaM (pU3MKH MOJTYyIMPOBOJIHUKOB M IMOJYIPOBOJHUKOBBIX TPUOOPOB:
00 DJIEKTPOHHBIX CBOWMCTBAaX TMOJYNMPOBOJHUKOB W OCHOBHBIX (DM3MYECKHX SIBICHHUSIX B
MOJYIIPOBOJTHUKAX ¥ TOJYIPOBOJHUKOBBIX TNPHOOpaX, a TaKKE O TEXHOJOTHSIX CO3JaHUS H
(GU3MYECKUX TMPHUHIMIAX Pa0dOTHl MOJYIPOBOJHUKOBBIX TpuOOpoB. [Iporpamma JUCHHUIUIMHBI
HarejaeHa Ha ¢popMHupoBaHue oOydaromerocs npodeccuonanbHoi komneteHuu (11K):

Pe3ynbrarel 00yueHus no
JUCLUIITINHE

Pe3ynbTaTel ocBOEHUS
00pa30BaTeNbHOM MPOrpaMMbl
(xomMmeTeHuun)

Nunukaropel

3HATH OCHOBHBIC TPAHCIIOPTHEIE
1 DJIEKTPOPU3NICCKHC SBIICHUS B

11K 1.1 [Ipumenser MOJTYIIPOBOTHUKAX U (PU3UIECKUE

MK-1 (CYOC 03.04.02
duszuka) CnocoOeH

CIeIMaT3UPOBAHHBIC 3HAHUS B
00sacTi (PU3UKH MPU PEIICHUH
KOHKPETHBIX 3a/1a4 B 00JIACTH

[IPUHLIMIIBI paOOTHI
[10JIYTIPOBOJHUKOBBIX TPUOOPOB,
[MOCTPOCHHBIX HA 3TUX SIBJICHUSIX;

MCIIOJIb30BATh
CHeIHaTM3UPOBAHHbBIC 3HAHUS
B 00y1acTH (PU3KKH TIpH
[PEIICHNN TTOCTABICHHBIX
3a/1a4 B HAy4HO-
MCCIIeIOBATENBCKOM
NEesITEeIbHOCTH B COOTBETCTBUU
c mpoduieM MOAroTOBKH B
3aBUCHUMOCTH OT CHELU(PUKU
00BEKTa UCCIIEIOBAHMUS.

HAayYHBIX I/ICCJIeI[OBaHI/If/'I B
COOTBETCTBUU C NMPOPHIIEM
IOATIOTOBKH B 3aBUCHUMOCTH OT
crennuku 00bEeKTa UCCIIEAOBAHMS.

OCHOBBI 3KCTICPUMEHTAIBHBIX
METO/IOB HCCIIEI0BAHUS
MOJIYIIPOBOTHUKOB U
MOJTYIIPOBOTHUKOBBIX
MUKPOCTPYKTYD.

'YMeTh 00BACHATH
MHKPOCKOITMYECKHUE MEXAHU3MbI
TPAHCIIOPTHBIX U
PIEKTPOPUZNYECKUX SIBICHUN B
MOJIYPOBOTHUKAX; OTBEYaTh HA
KOHTPOJIbHBIE BOPOCHI TIO
Kypcy; peuiaTh 3aa4u 1o
(bu3MKe MOTYITPOBOAHUKOB Ha
YPOBHE CII0)KHOCTH 33IaHHUS.

I1K 1.2 Beioupaer Hanbosee

B PeKTUBHBIC METO/IBI PEIICHHS
KOHKPETHBIX 33/1a4 B 00J1acTH
HAyYHBIX UCCIIEOBAHUN B
COOTBETCTBUU C MPOQHIIeM
MOJTOTOBKU B 3aBUCHMOCTH OT
crienupuKu 00bEeKTa UCCIIEIOBAHUS.

2. MecTo AUCHHUILIMHBI B CTPYKTYpe 00pa3oBaTeIbHON MPOrpaMMbl

Juctumimna «IlonynpoBoAHUKOBAsE 3JEKTPOHUKA» OTHOCUTCS K CIELKYpcaM MarucTrpaTypsl
Kadeapel GU3UKU MOTYNPOBOAHUKOB (puznueckoro paxynprera HI'Y. Jlns ycnemHoro ocBoeHus
muciumuinael - «[lomynpoBoHUKOBass ~ 3MEKTPOHMKa»  MarucTpaHTbl — JIOJDKHBI  00JiajaTh
IIPEIBAPUTEIBHBIMY 3HAHUSIMH OCHOB JJIEKTPOJVMHAMMKHN, KBAHTOBOW MEXAHHUKH U CTATUCTUYECKOU
¢uzuku B 00bEMe OakanmaBpuara ¢uznueckoro ¢akynprera HI'Y. B cBoio ouepenb, aucuuminHa
«TonynpoBOAHUKOBAs AJIEKTPOHUKA» MPEIOCTABIAET MArUCTPAaHTAM TEOPETUYECKUE 3HAHUA WU
MPAKTUYECKHE HABBIKH, HEOOXOAUMBIE JJisi 00y4YeHHs] B aCUPAHTYpE MO CHEUAIBHOCTIM «pHU3nKa
MOJYIPOBOJHUKOBY M «(pHU3UKAa KOHJIEHCHPOBAHHOTO COCTOSIHUSA», a TAaKKe Ul YCIEIIHOTO
MCIIOJIb30BaHUsl TPAHCIIOPTHBIX U 3JEKTPOPU3NUECKUX METOJIOB UCCIIEI0BAaHUS MOITYIPOBOHUKOBBIX
MaTepUaIoB U HAHOCTPYKTYP.



3. pr}lOéMKOCTb JUCHHUILUIMHBI B 3a4€THBIX eIMHHUIIAX C YKazaHHuEeM KOJHYeCTBA

aKajgeMHMYecKHX YacoB, BblJleJIeHHbIX HA KOHTAKTHYI0 padoTy o0yualomerocs ¢
npenoaasareseM (o0 BUJAaM y4eOHbIX 3aHATHIT) 1 HA CAMOCTOSITEILHYIO PadoTy

Tpya0eMKOCTh IUCHUIUIMHBI COCTABIISIET: 2 3a4€THBIX €UHMLL, 72 Yaca.
dopma NpOMEKYTOYHON aTTECTALUU: 2 CEMECTP — IK3aMEH

No Bun nesrenpHOoCTH CeMZe “P

1 [lexmuu, g 16

2 |[IpakTryeckue 3aHATHS, 4 16

3 PlaGoparopHbie 3aHATHS, 9

4 3aHATHS B KOHTaKTHOU (opme, U 36
U3 HUX

3) U3 HUX ayJAUTOPHBIX 3aHIATUH, U 32

6 B DJIEKTPOHHOH (opme, 4

7 KOHCYJIbTAIINH, Yac. 2

8 MIPOMEKYTOUHAS aTTeCTalus, 4 2

9 |CamocTtosTenpHas padbora, Jac. 36

10| Bcero, u 72

[IpenogaBanve JUCHMILIMHBI TPEIyCMATPUBACT CJeAyIonmre (OpPMBI OpraHu3aluud y4eOHOTO

mnmponoecca: JICKIHUHK, IIPAKTHYCCKUC 3aHATHA, KOHTPOJIbHLIC pa6OTI>I, JOMAIITHHUEC
KOHCYJIbTallUU, CAMOCTOATCIIbHAA pa60Ta CTYACHTOB, 5K3aMCH.

3aJaHusl,

4. Coep:kanue IUCHUILIHHBI, CTPYKTYPHMPOBAaHHOE N0 TeMaM (pa3jejiaM) ¢ YKa3aHueM
OTBEIEHHOI0 HA HUX KOJIMYEeCTBA aKA/IeMHYEeCKUX YACOB U BUAOB YUeOHbIX 3aHATHIH

Jlexuuu (16 u)

HamMeHnoBaHme TeMBI 1 UX COACPIKAHUC

OO0newMm,
gac

Beenenune

OcHOBHbIE HaNpaBICHUS Pa3BUTH PU3UKU U TEXHUKU MOJYIIPOBOJHUKOB. AHAIIN3
Pa3BUTH PhIHKA MOITYIPOBOJHUKOBBIX IPUOOPOB.

OcHoBHbIe pu3nUeCKHe ABJICHHA, JIeKALME B 0CHOBE IOJIYNIPOBOHUKOBBIX
npudopos

Kpucrannnueckast ctpykrypa. JHeprerudeckue 30Hb1. DHeprus Oepmu. KBaznuacTuils:
3JIEKTPOHBI, IBIPKU, SKCUTOHBI, (HOHOHBI, MossgpoHbl. Hocurenu 3apsaa. ['eneparus u
pEeKOMOMHALINS IIEKTPOHOB U JIBIPOK. TernsioBas renepanus, KOHIEHTpalus HoCuTeNnei npu
TepMOJUHAMIYEeCKOM paBHOBecHU. COOCTBEHHBIE U MPUMECHBIE MOIYIPOBOIHUKH.
IIpumecu, nOHOpPHBIE U akueNTOpHbIe MpuMecH. KoMmnencanus. YpaBHeHnue
3IEKTPOHEUTPATILHOCTH, 3aKOH JEHCTBYIOLIUX MacC, TEMIIEpAaTypHasi 3aBUCUMOCTb SHEPIUHU
®epmu. SBnenus nepenoca. Juddysus. Apeiid B anekrpruueckomM mose. 3aBUCUMOCTh
nperioBoil CKOPOCTH OT ANEKTPUUYECKOTO MOJISI U TEMIIEPATYpPhl, MOABHKHOCTD. /(o
I'anna. bapweps! Ha rpanuie. [ToBepxHocTHbIe cocTosiHus. PaboTta Beixoaa. J{BoitHOM
3apshkeHHbIN ciioil. YpoBHH Tamma. M3ruGel 30H Ha MOBEPXHOCTH
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KoHTakThl MeTa/JI-MI0JIYyIPOBOAHUK

30HHBIC TUarpamMmsl. Pexumbl o0eqHeHus u oborameHus. [Ipomecchk mepeHoca 3apsiaa.
BonbT-amnepneie xapakrepuctuku. Juon [lortku. OMudeckuilt KOHTakT. CTPYKTYphI
puOOpPOB.

p-n nepexoa. JInoxa, cradnJInTpoH

3onHbIe tuarpaMMbl. O0eTHEHHBIH c10i 1 OaphepHas EMKOCTh. BosbT-ammepHbie
XapaKTepUCTUKH. BosbT-aMniepHble XapakTepuCcTUKU. SIBineHus npooos. dororeHeparus.
Cxemnble ¢pynknmu. ['etepornepexopl. OCHOBBI TEXHOJIOTHU: TOYESYHBIE TUO/IbI, CTTIABHBIE
JUOJIbl, SIUTAKCHAJIBHBIE 11uoabl. PoToanon.

Iosessbie Tpansucropsl. MAII crpykrypsl. M/II Ttpan3ucrop (MOSFET, FinFET).
High-k qmanekTpukn

[IpuHnmn neiicTBus nmojaeBoro Tpan3uctopa. OCHOBHBIE XapaKTEPUCTUKU MPUOOPOB.
DKBUBAJICHTHBIEC CXEMBI [TOJICBOTO TPAH3UCTOPA C YIPABJISIONIIM TEPEXOTOM.

3onnas guarpamma MJITT ctpykryp. Emkocts u skBuBanentHbie cxembl MJIIT cTpykTyp.
BonwT-hapaansie xapakrepuctuku. Teopus padorsr M/III Tpan3ucTopa u €ro OCHOBHBIE
xapaktepuctuku. Tunsl MJIIT Tpan3uctopoB. Kommnementapasie MJIIT cxemsl.
Texnonorus M1 ctpykTyp, MacmrabupoBaHue.

Bunonsipabie TpaH3uCTOPBI

3onnas auarpamma. CTpyKTypa U OCHOBHBIE PEKUMBI paboThl. BonbT ammnepHbie
xapakrepuctuku. Kosdduument ycunenus toka. Berxoansie xapaktepuctuku. OCHOBBI
TEXHOJIOTHU. DKBUBAJICHTHAs CXEMa.

CxeMbl Ha OCHOBE OMITOJIIPHBIX TPAH3UCTOPOB. XAPAKTEPUCTUKH U ITApAMETPhI B pEXKUME
MaJbIx curHanoB. Cxema ¢ o0meit 6a3oii. Cxema ¢ 00mum smMuTTepoM. Cxema ¢ o0mmm
KOJUIEKTOPOM. DMUTTEPHBIN TOBTOpUTENL. COCTaBHBIE TPAH3UCTOPHI. TpaH3ucTop
Japnuarrona. Kackoguelil ycunuTenns. bUNOISApHBIN TPaH3UCTOP € U30JIMPOBAHHBIM
3aTBOPOM.

IIpubopsl Ha 0CHOBE MHOT'OCJIOMHBIX P-N NMepexo10B U Apyrue npudopsl

TupucTopel, OCHOBHBIE XapaKTEPUCTUKH. [[nOIHBIN U TpUOAHBIM THpUCTOPHL. [1os1eBBIE
tuprctopbl. Cumuctopsl. Bapukanbl. CTabuctopsl (HOpMECTOpPBI). Bapuctopsrt. p-i-n
JIOJIBL.

HHTeraJ’leble cxembl. TexHosorus MOJIYIIPOBOAHUKOBOI'O ITIPOU3BOACTBA

Huddepenunanbhblil yeunuresns. Boixonnsle kackaabl. [I1anapHas TeXHOIOTHS.
Tpéxmepnas Texnonorus. Metannuzanus. Low-k quanekrpuku. SILC. BoiopakoBka
MHTETPAJIbHBIX CXEM DJIEKTPUUECKUMHU U ONITUYECKUMH MeToAaMH. ONTHYECKU
npodunomerp. 3akoH Mypa.

IMosynpoBoAHNKOBBIE JaTYNKU (MATHUTHOE 10JIe, 1aBJIeHUe, TeMIlepaTypa)

JIBmkeHue B MarHUTHOM miosie. Ddekt Xosma. JlaTunku MarHUTHOTO NoJs. JlaTunku
naBieHus. JlaTauku TeMnepaTyphl.

Ipudops! namsaru. 103Y, CO3Y. ®mm-namMarh 1 Apyrue npudopsl
JHEProHe3aBUCHMON NAMATH

[Tpubops! onepaTuBHON (IHEPTO3aBUCUMOI) U TTIOCTOSTHHOM (YHEPrOHE3aBUCUMOM ) MTaMSTH.
Craruueckas namsth (CO3Y), nunamudeckas namathb (J{O3VY): npunimn neicTsusl.
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[Tpubops! sHEeprone3aBucuMont namsatu, Oadmr mamste. Pecypce 3amucu. Uepapxudeckas
CTpyKTypa. CKOPOCTb UTE€HUS U 3aIIUCH.

[TepcnektuBel pazeutuss. SONOS, TANOS, BeSONOS crpykrypsbl. PesuctuBnas (RRAM)
namsITh, cerHeTORIeKTpudeckas (peppoanekrpuueckas, FRAM) namsTs,
Marautope3uctuBHas (MRAM, STT-RAM) namsTb.

OcHoBbI HM(POBOH ITEKTPOHUKHI

[Tonesoii Tpan3ucrop kak kirod. MuBeprop. bazoseie norunueckue 3nementsl. U-HE, NJIN-
HE. Kom6unanuonusie cxembl. XOR. CuHXpOHHBIE U acCHHXpOHHBIE cXeMbl. RS-, JK- D-,
T- Tpurrepsl. MetacTaOuUiIbHOE COCTOSIHUE TPUTTEPA. 3alIENKN; ACHHXPOHHBIE U
CUHXpOHHBIE cYETUNKH. CIIBUTOBBIA PETUCTP.

[IpakTuyeckue 3ansatus (16 1)

CogeprkaHue MPaKTUIECKOT0 3aHIATHS

O0BeM,
yac

OcHoBHbIE Gu3HYeCKHE SIBJIEHUS, JeKAIHEe B OCHOBE MOJIYITPOBOIHUKOBBIX
npudopoB

Kpucrannmueckas ctpykrypa. DHeprerudeckue 30Hbl. DHeprusd @epmu. KBaznuacTuust:
AJNIEKTPOHBI, JABIPKH, SKCUTOHBI, (POHOHBI, TTOJIIpoHbl. Hocutenu 3apsina. ['enepanus u
peKOMOMHALINSA ANEKTPOHOB U ABIPOK. TeruioBas reneparusi, KOHLIEHTPAlKs HOCUTENEH pu
TepMOAMHAMUYECKOM paBHOBeCUU. COOCTBEHHBIE 1 MPUMECHBIE MTOTYITPOBOIHUKH.
[Ipumecu, noHOpHBIE U akllenTOpHbIe npuMmecH. Komnencamus. YpaBHeHue
3JIEKTPOHEUTPAIBHOCTH, 3aKOH AEHCTBYIOIIMX MAcCC, TEMIIEPATYPHAs 3aBUCUMOCTb SHEPTUU
Oepmu. SBnenus nepenoca. uddysus. Apeiid B anexTpuueckom mosie. 3aBUCUMOCTh
IpeiioBOIl CKOPOCTHU OT IAECKTPUUECKOTO TOJISI K TEMIIEPATYPhl, MOJIBHKHOCTE. 1o
I'anna. bapwepsl Ha rpanuiie. [loBepxHOCTHBIE cocTosiHMs. PaboTa Bbixoaa. J{BoliHOM
3apshKeHHBIN ciioi. YpoHH Tamma. M3ru0bl 30H Ha MIOBEPXHOCTH

KoHTaKTBI METAJNI-ITOJYIIPOBOAHUK

30HHBIE AuarpaMmbl U BOJIbT-aMIICPHBIC XaPAKTCPUCTUKU KOHTAKTOB MCTAJLI-
IMOJIYITPOBOAHUK B PA3JIMYHBIX PEKUMAX

p-n mepexon. Anoa, crabuInTpPoH

30HHBIE JAarpaMMbl KOHTAKTOB N-MOJYIIPOBOJHUK-P-TIOJIYIPOBOAHUK U BOJILT-aMIICPHBIC
XAPAKTCPUCTHUKHU B PA3JIMYHBIX PCIKUMAX.

ITosessie Tpansucropsl. MIII crpykrypsl. M/III Tpansucrop (MOSFET, FinFET).
High-k amanekTpukn

3onnas quarpamma MJIIT crpyktyp. EMkocTh 1 sxBuBaneHTHBIE cxeMbl MJITT cTpyKTyp.
Bounbr-dapannbie xapakrepuctuku. Teopus padotst MII TpaH3ucTopa u ero OCHOBHbIE
xapakrepuctuku. Tunet M/III Tpanzucropos. Kommiementapusie M/III cxeMsl.
Texnonorus MII cTpykTyp, MacuTabupoBaHue.

BumnoJssipabie TpaH3UCTOPBI

30HHas AuarpaMma OUIOJSPHBIX TPAH3UCTOPOB B PA3IUYHBIX PEKUMAaX.

BrixoHbIE XapaKTEPUCTUKN CXeM Ha OUTIOISPHBIX TPAH3UCTOpaX: ¢ o0IIei 6a30i, ¢
OOIINM KOJUIEKTOPOM, C OOIIIUM dYMMUTEPOM. BBIXOIHBIE XapaKTEePUCTHKU COCTABHBIX
6I/IHOJ'I$[pHI)IX H TTOJICBBIX TPAH3UCTOPOB.

IIpubopbl Ha 0CHOBE MHOTOCJIOMHBIX P-N NMepexo10B U Apyrue npudopsl




C-V xapakrepuctrku BapukanoB. [Ipoduam terupoBanus U mpouid Cpe30B Pa3IMIHBIX
HCIIOJIHEHUI BAPUKAIIOB.

HNuTerpanbhbie cxembl. TeXHOJIOTHS MOJIYNIPOBOIHUKOBOI0 IPOU3BOCTBA

[Tnanapuas Texaosorus. KoHTpob kadecTBa MHTETPAIbHBIX CXEM JICKTPUYECKIMHU
ONITUYECKUMHU METOJIaMH, BEIOPAKOBKA. 3HAKOMCTBO C ONTUYECKUMH METOAAMHU KOHTPOJIS
Ka4ecTBa JINTOrpaMueCcKUX ONepaLii Ha IPUMeEPE OTBITHOTO JTaO0OPaTOPHOTO
uHTEepPEpEeHIIMOHHOT0 MUKpockomna-ipodunomerpa OJIMMIT (MPIT CO PAH).
MacmrabupoBaHue MoIynpoOBOAHUKOBBIX MHUKPOCXeM, 00macTu npuMeneHnii Low-k u
High-k nmuanekTpukos.

IMosynpoBoAHNKOBBIE JaTYNKH (MATHUTHOE 110JIe, 1aBJIeHUe, TeMIlepaTypa)

Tomnonorus, peanu3anus U IPUMEHEHUE JaTYNKOB MAarHUTHOTO MOJIs, ABJICHUS U
TEMIIEPATYPHI.

Mpudopsl namsaru. 103Y, CO3Y. @upm-naMaTh U Apyrue npudopbl
JHEProHe3aBHCHUMON NAMSITH

O6sacTi npuMeHeHus! NpuOOPOB ONEPATUBHON (3HEPro3aBUCUMOI) U TOCTOSTHHON
(oHeproHe3zaBUCUMON) namMATH. Paznnuue Mexy cTaTHUeCKONW U TMHAMUYECKON MaMAThIO. 2
IIpuMepsl SHEProHe3aBUCUMON ITAMSATH.

OcHoBBbI HM(PPOBOI 31EKTPOHUKH

Tabmuier nctuaHOCTH Norndeckux snementos: HE, U, JIN, U-HE, UJIM-HE, XOR. 2

CamocrosiTesibHasi padoTa cTyaeHTOB (36 4acoB)

Ilepeuens 3anatuii Ha CPC O6mbewm,
qac
[ToaroroBka K NpakTUYECKUM 3aHATHUSAM, pElICHHE 3a1a4 8
ITonroToBka K KOHTPOJIBHBIM paboTam 4
N3ydyeHne TeopeTHUecKOro MaTepraia, He OCBEIaeMOro Ha JEKIUAX 6
[TonroroBka K SK3aMeHy 18

5. Ilepedyenb y4eOHOM JIUTEPaTypPbl

1. AncensMm, A. W. BBeneHnue B TeopHuIo NOITYIPOBOJHUKOB: [ Yueb. mocobue i ¢pu3. cren.
By30B] / A.W. Aucenpm2-e u3., nom. u nepepad.M. : Hayka., 1978615 c. : un. (33 7k3.)

2. bonu-bpyesuu B.JI., Kanamuukos C.I'. ®usnka nonynpoBogHukos. M.: Hayka, 1977. — 672
c. (8 7k3.)

3. 3u C.M. ®uzuka noaynpoBoIHUKOBBIX Tpubopos: B 2 ku. / C.M. 3u; Ilep. ¢ anrn. B.A.
I'eprens, B.B. Pakutuna. I[Tog pen. P.A. Cypuca. — 2-e uzn. — M: Mup, 1984. — 455 c. (2 3K3.)

4. Crenanenko W.I1. OcHoBbl MUKpOasieKTpoHUKH. M.: JIa0. ba3osbix 3nanuit, 2001. — 488 c.,
ISBN 5-93208-045-0 (1 7k3.)

6. [lepevyeHb yueOHO-METOAMYECKHX MATEPHAJIOB M0 CAMOCTOSITEIbHOW padoTe 00yYaKOIIUXCS.
5. IHamwupzae T. C. TBepaoTenbHas 3JEKTPOHUKA: UCTOPHUS, COBPEMEHHOE COCTOSIHUE U
NEePCIEeKTUBHI pa3BUTHs: YueOHoe mocobue. URL:
http://www.phys.nsu.ru/files/O/kafti/Tverdotelnaya_elektronika_Shamirzaev_T_S FF NGU 2
011 _91s.pdf




6. Kson 3./1., [Tono JI.LK. DneKTpOHBI U ABIPKK B TOHKUX CJIOSIX MOJIYIPOBOJIHUKOB: YUeOHOE
nocobue. Y. 1., HoBocubupck: HI'Y, 2010, 122c.
Marepuan, npeacTaBieHHBIN Ha caifTe Kypca (1o 3ampocy).

7. llepevyeHb pecypcoB HHGOPMANMOHHO-TEJIEKOMMYHUKANNOHHOI ceTn «UHTEepHeT»,
HEe00XO0JUMBIX /ISl OCBOCHUS JUCHUILINHBI.

7.1 Pecypcwbl cetu UHTEpHET
JIJist OCBOCHUS TUCITUTUTMHBI UCIIOJIB3YIOTCS CIIETYIOIINE PECYPCHI:
- 9JIeKTpOHHAas nHMOpMaIMoHHO-00pa3oBaTenbHas cpena HI'Y (OHUOC);
- 00pa3zoBaTebHBIE HHTEPHET-TIOPTAIIBL;
- ”H(POPMAIIMOHHO-TEJICKOMMYHUKAITMOHHAs ceTh MIHTEpHET.

HuTepHeT-pecypcesl:

1. OneKTpoHHbIN apxuB: «HoBble OTYIIPOBOJHUKOBBIE MaTEPUAIIBL: XaPAKTEPUCTUKU U
csoiictBay - URL: http://www.ioffe.ru/SVA/NSM/rintroduction.html
2. Paznen «O6pazoBanuey caiita UOIT CO PAH — URL:

http://www.isp.nsc.ru/obrazovanie

7.2 CoBpeMeHHbIe PO eccHOHATBbHBIE 0a3bI JAHHBIX
He ucnons3yrorcs.

8. Ilepeuennb HHGOPMANIMOHHBIX TEXHOJIOTHA, HCIOJIb3yEeMbBIX NMPH OCYIIECTBIEHUH
00pa30BaTeJIbLHOIO MpoIecca Mo TUCIHUTLIHHE.

8.1 [lepeyenb mporpaMMHOro odecrneyeHust

,Z[JI?I oOecrieyeHus peain3anuu  JUCHUILNIMHBI  HUCIOJB3YCTCA CTaHI[apTHI)If/'I KOMIIJICKT
nporpammuoro obecneuenusi (I10), Bkmrowaromuii perynsapHo oOHOBIsiemoe nuneHsuonHoe [10
Windows u MS Office unu perymnsipao obHoBisiemoe cBoboanoe 10 LibreOffice, OnlyOffice, Okular.

Hdnsa Busyammszauuu 30HHBIX guarpaM MJIII u MM cTpykTyp Ipu pelIeHUHM 3anad
pPEeKOMEHAYETCs UCTI0Nb30BaTh crienuanusupoBanHoe [10, He TpeOyromiero JueH3UPOBaHMUSL:

1. Multi-Dielectric Energy Band Diagram Program, URL.:
https://www.boisestate.edu/qdna/multi-dielectric-energy-band-diagram-program/

8.2 UndopmanuonHbie CIPAaBOYHbIE CHCTEMBI
He ucnonb3yrores.

9. MatepunajibHO-TeXHHYecKasi 6a3a, HeoOXoAMMAs [JIsl OCylLIeCTBJIeHUsI 00pa30BaTeIbHOI0
npouecca no AUCHUILIHHE.

Jlns peanuzanuu qUCHMILIUHBL «MexaHUKa U TEOpUs OTHOCUTEIBHOCTHY UCTIOIb3YIOTCS
CIEIMAJIbHBIE IOMEIIECHHUS:

1. YueOHbIe ayAUTOPUH AJI IPOBEIACHUS 3aHATHH JICKITMOHHOTO THUIIA, TPAKTUYECKUX 3aHSITHH,
IPYIIOBBIX U HHAUBUAYAIBHBIX KOHCYJIbTAINI, TEKYIIETO KOHTPOJIS, IPOMEKYTOUHOM aTTECTaLUK.

2. IToMereHus st CaMOCTOSATEIBLHON pabOThI 00YJIarOIITUXCSI.

VYyeOHble ayTUTOPUM YKOMIUIEKTOBAHbI CHEIMATU3UPOBAHHOM MeOenbl0 M TEeXHUYECKUMHU
CpelCTBaMU 00YUYEeHHUsI, CITYKAalllUMU ISl [TpeicTaBleHus yueOHoM nHpopManuu O0bIION ayTUTOPHH,
B TOM YHCJI€ KOMIIBIOTEP U MYJIbTUMEANIHOE 000pyI0BaHHUE.

[TomereHus u1si CaMOCTOSTENHbHOM pabOThl 00yUaIOUINXCS OCHAIIEHBI KOMIIBIOTEPHON TEXHUKOM
C BO3MOXXHOCTBIO TOAKIIOYeHHs K ceTH "HHTepHer" M oOecrieueHHEM JOCTyNa B JJIEKTPOHHYIO
nH(popmaInmoHHo-00pa3oBaTenbHy0 cpeay HI'Y.


http://www.isp.nsc.ru/obrazovanie

Jnis mpoBeieHust 3aHATUH JIEKIIMOHHOTO THIA IPEJIaraloTcsi Habopbl (PU3NIECKUX
JEMOHCTpPALMH 110 TEMaM JUCLIUILIAHEL.

MartepuanbHO-TEXHUUECKOE 00ecTIeueHE 00pa30BaTEIbHOIO IpoLecca 110 JUCUUIIIMHE IS
00yyaroImuxcst U3 Yucia Jull ¢ OrpaHUYEHHBIMU BO3MOKHOCTSIMU 3710POBbS OCYLIECTBIISETCA
coryacHo «[lopsiKy OpraHn3anuy U OCYIIECTBICHUS 00pa30BaTEIbHOM NEATEILHOCTH 10
00pa3oBaTeIbHBIM IIPOrpaMMaM JUlsl UHBAIMJIOB U JIUL C OTPAHUYEHHBIMHU BO3MOXHOCTSIMH 3/10POBbSI
B HoBOoCHOMpPCKOM rocy1apcTBEHHOM YHUBEPCUTETE.

10. OueHouHble CpeCTBA ISl POBECHUS TEKYIEr0o KOHTPOJIA U MPOMEKYTOYHOM aTTecTAlluu
o AUCIHHILINHE.

10.1 ITopsiok mMpoBeaeHUA TEKYLIEr0 KOHTPOJISI U IPOMEKYTOYHOM aTTeCTALMHU 110
AUCIHHUIJIMHE

Texywyuit Konmpons ycneeaemocmu
Tekymmii KOHTPOJIb YCIIEBAEMOCTH OCYIIECTBIISIETCS Ha IPAKTUYCCKUX 3aHATHUSAX MTPETI0IaBaTelIeM
npu pemceHUuM CTYACHTOM 3aJiad, PCKOMCHAOBAHHBIX IJId IPAKTHYCCKUX 3aHSATHN U JOMalIHUuX
3aJjaHul, OOCYXIAIOTCS HUIACH U CrIocoObl perieHus. OTHOBPEMEHHO C 3TUM TIPOBOISTCS
HHIWBUYAJIbHBIC KOHCYJIbTalluN O6yanOHII/IXC$I.

IlIpomesricymounaa ammecmauus.

OxoHuaresnbHas OLIEHKAa pabOThl CTYIEHTAa B TEUCHHE CEMECTpa MPOUCXOIUT Ha 3k3ameHe. OH
NPOBOIUTCS B DK3aMCHAIMOHHYIO CECCHIO MO Owmieram B YCTHOH ¢opme. Bompocsr Ouiera
noI0UPAIOTCS TAKUM 00pa3oM, 4TOOBI MPOBEPUTH YPOBEHb chopMupoBaHHOCTH KommeTeHuu [1K-1.
YuuThIBaeTCS TakXkKe U paboTa 00ydJaroIerocs B CEMECTpe: aKTUBHOCTD Ha 3aHATHUSAX U cJlada 3a1aHuil.
HeoOxoauMbIM yCIIOBUEM MOJYUEHUS TMOJIOKUTEIHHOU OIICHKH Ha DK3aMEHE SIBIISIETCS PEleHUE U
cnaua 70% 3azmad W3 3aJaHUM, BBIIOJHSAEMBIX B TEUEHHUE CEMECTpa. DK3aMEH MPOBOJUTCS B KOHIIE
ceMecTpa B IEPHOJI IPOMEKYTOUHOM aTTECTAllMU B OJIMH 3TaIl: OTBETHI HA BOIPOCHI.

OcBoeHNEe KOMIIETEHIIMH OIICHMBAETCS COTJIACHO IIKaje OLEHKH YPOBHS C(HOPMHPOBAHHOCTHU
KoMmneTeHIMH. [looxkuTenpHas o1eHKa 110 JUCIMILIINHE BBICTABIISIETCS B TOM CIIy4ae, €CJIN 3asBJICHHAs
komrnerenms [IK-1 chopmupoBana He HUKE MOpPOTOBOTO YPOBHS B 4YAaCTH, OTHOCAIIEHCA K
(GOopMHpOBaHHIO  CIIOCOOHOCTHM  HMCMOJNB30BaTh  CHELMAIM3MPOBAHHBIE 3HaHUS B 00JacTu
MOJIYTIPOBOTHUKOBOM 3JIEKTPOHUKHU B MPO(HECCHOHATIBHOM e TEIIbHOCTH.

Bomnpocsl 6unera moaOuparoTcss TakuM 00pa3zoM, YTOOBI IPOBEPUTH YPOBEHb C(HOPMUPOBAHHOCTH
KoMIeTeHIIMH. BeiBoJ 00 ypoBHE CPOPMUPOBAHHOCTH KOMIETEHLIUN MPUHUMAETCS MPENO0IaBaTEIEM.
Kaxnp1ii Bonpoc 6unera onenusaercs ot 0 1o 5 6amios. [lonoxkuTenbHast OlleHKa CTaBUTCS, KOTJIa Bce
KOMIIETEHIIMM OCBOEHbl HE HU)XE THOporoBoro YypoBHS. OIIEHKH «OTJIMYHO», «XOPOIIO»,
«YAOBJIIETBOPUTENIBHO» 03HAYAIOT YCIEIIHOE MPOX0KIEHUE IIPOMEKYTOUYHON aTTECTALINH.

Wtorn nmpomexyTouHOM aTTecTanuy (3K3aMeHa) OLEHUBAIOTCS 10 MSATUOAIBHOM 1IKae:

Onucanue Kpumepuee u WKaa OUeHUGAHUA UHOUKAMOPOE8 O0CHIUNCEHUA PE3YTIbMAm 06 00yUeHUs
no oucyuniune

CooTBeTCTBHE HHAUKATOPOB M PE3YyJIbTATOB OCBOCHUA TUCHUIIJINHDI

Taobmuua 10.1

Kon Pe3yabTaTr 00yyeHus no OueHouyHoe
HNuaukarop
KOMIIeTeHIIUHN AUCIHHIIMHE CpeACTBO




3Harb OCHOBHbIE
TPAHCIIOPTHEIE "
[IpumensieT ANEKTPOPUZUIECKUE
CICIHAI3UPOBAHHBIC SIBJICHUS B
3HaHMS B 00JaCTH (HU3UKU HOJTYyIIPOBOAHUKAX 54
MIPH PEIIEHUH KOHKPETHBIX (usuueckue  IPUHUMIIBI
0K 1.1 3a/1a4 B 00J1aCTH HAYYHBIX paboTh
) YCCIIEI0OBAHMM B HOJIyIPOBOAHUKOBBIX
COOTBETCTBHUU C TIpodrieM npuOOpOB,  IIOCTPOCHHBIX
MMOATOTOBKH B 3aBucuMoctu | Ha ITHUX ABJICHUAX; OCHOBBI
OT crieniUKH 00BEKTA S9KCIEPUMEHTATIbHBIX
UCCIIeIOBAHMS. METOJIOB  MCCIIEOBAHHUS
HIOJTYIIPOBOTHUKOB u
IOJTYITPOBOTHUKOBBIX
MHUKPOCTPYKTYP.
VYMmeTn OOBSACHATH
MUKPOCKOITUYECKUE
Brioupaer Hanbosee MEXAHHU3MbI
3¢ (eKTHUBHBIE METOIBI TPAHCIIOPTHBIX "
pelieHus KOHKPETHBIX 33124 | 5pexrpodH3MIecKiX
B 00JIACTH HAyYHBIX SBICHM 5
K 1.2 HCCJIEI0BAHMM B 10Ty IPOBOTHHKAX:
COOTBETCTBHH C NpOpuIEM OTBEUYaTh Ha KOHTPOJIbHBIE
MOATOTOBKH B 3aBUCHMOCTH | pornocyr o Kypey:
OT ceuKn 06bexTa pemiare 3a1a4uu 1mo Gpu3uke
HCCIIEIOBAHUS. HONYTPOBOIHIKOB i
YpOBHE CIIOKHOCTH
3aJaHUS.

Onpoc B Havase
Ka)XI0¥ JICKIIUH,
JK3aMEH.

Taomuua 10.2

Kpurtepuu onenuBanus pe3yibTaToB 00y4eHUs

HIxkana
OLlCHMBaHUA

Craua 3aJaHU:

peIlIeHbl BCE OCHOBHBIE 33JJaHUs B MIOJTHOM 00bhEME 0€3 HET0YETOB M OIITUOOK
IK3aMeH:

— JIaH Pa3BEPHYTHIA OTBET HA BOIIPOCHI OMIIeTa,

— TOYHOCTh ¥ KOPPEKTHOCTh MPUMEHEHHUSI TEPMUHOB U TIOHSATHUH;

— YMEHHUeE JIeTaTh BBIBOABI U 0000IIEHMS,

— HaJIMYKMe MCUYEPIIBIBAIOIINX OTBETOB Ha JOMOJIHUTENbHbBIE BOMPOCHI, UMEIOIINE
MPUHIMITHATEHOE 3HAYCHUE JIUTSl TAHHOW JTUCIUTUTAHBI.

B otBerax Ha BOMpPOCH OOYYAIOUIUIICS MOT JOMYCTUTHh HENPUHIUMUAIBHBIE
HETOYHOCTH.

Omauuno

Cnada 3agagui:

peHIeHLI BCC OCHOBHBIC 3aJaHUS C Hel'”py6BIMI/I OI]_II/I6KaMI/I NI C HEJ0YETaMHn
JK3aMeH:
— JIaH MPaBWJIBHBIA OTBET Ha BOMPOCKHI OUJIeTa,

Xopouwio
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— HAJINMYUC IIPAaBUJIIBHBIX OTBCTOB Ha JOIMOJHUTCIBHBIC BOIIPOCHI, HMCIONIHE
MNPUHIOHUIIAJIBHOC 3HAYCHUC IJIA JaHHOM JUCHUILIUHEI.
B orBeTax Ha BOIIPOCHI O6y‘laIOH_[PII>'IC$I MOT" JOITYCTHUTh HE3HAYHUTCIIbHBIC OIIIHNOKHU.

Crava 3agagui:

Yooenemeop
pEIIeHbI CTaHJapTHBIC 3a/1a4H, JOIMYIIEHbI HETPYyOble OIINOKU UMeTbHO
JK3aMeH:

— J1aH PaBUJIbHBIN OTBET HAa OJIMH BOIpOC Ousiera,
— HAJIMYME TPABWILHBIX OTBETOB HAa JIOTIOJHUTEIBHBIC BOMPOCHI, HWMEIOIIUE
MPUHIMIIUAIBLHOE 3HAYCHHE JIsl TAHHOM TUCIUIUINHBL.
Cnaya 3a1aHuid:

A h Heyooegrnemeso
pemieno 50% craHmapTHBIX 3a/1a4, UMEIOT MECTO IpyOble OIHMOKHI pumensio

JK3aMeH:

- HE JaHbl NPABWIbHBIC OTBETHI Ha BOMPOCHI OWJIETAa M OICHKA HA IMHCHMEHHOM
4acTH YK3aMECHA «HEYIOBICTBOPUTEIHHOY,

—HE OTBEYaeT Ha JOMOJHHWTEIbHBIC BOMPOCHl, HMMECIOIINE PHHIMITHAILHOE
3HAYCHUC IJIA I[aHHOﬁ JOUCIHUIIJINHBI.

Tunoevie KOHMPOIbHBIE 3A0AHUA U UHbIE MAMEPUATIbL, HEO0XO00UMDbLE OISl OUECHKU PE3YbMamog
00yueHusn

IlepeyeHb KOHTPOJIBbHBIX BONIPOCOB
1. Kakue 0CHOBHBIE IIOJYIIPOBOIHUKOBBIE IIPUOOPHI HCHOIB3YIOTCS B COBPEMEHHOM
anekTponuke? Kakue y HUX oOIIHMe CBOMCTBA U pa3INyus.
2. Kakoil ¢pusnueckuii cMpicia y sHeprun PepmMu B MeTallIax, MOJIYyIIPOBOAHUKAX, TUAIEKTpUKaxX?
3. Kakwue ypaBHEHUs 1 METO/IBI UCTIONB3YIOTCS U pacuéra nojoxenus snepruun Gepmu?
4. Kak a1eKTpudecKoe 1oJie MPOHUKAET B METAILJIbI, TUAIEKTPUKH, IOTYIPOBOIHUKHU?
5. Kakue kuHeTnueckue sBJIEHUS IPOUCXOIAT B METAIIaX, JUJIEKTPUKAX, [TOJIYIIPOBOIHUKAX
IIPY NPUIJIOKEHUH BHELTHETO 3JIEKTPUYECKOT0 MOJIsA?
6. OOBSACHUTH CyTh GU3NIECKUX SBIICHHI, JISKANMX B OCHOBE Anojaa ['anHa. B kakux mpubopax
UCIOJIB3YIOTCS AMoAb! ['anHa?
7. Uro Takoe moBepxHOCTh TBEpAOTO Tena? K Kkakum sBIIeHUSIM IPUBOJUT NMOBEepXHOCTH? Kak
HUBEIMPOBATh BIMSIHUE NOBEPXHOCTHBIX COCTOSIHUM Ha JIEKTPOHHBIE CBOWCTBA KPEMHMUS?
8. Uto Takoe KOHTAaKTHasi pa3HOCTh MOTEHIINATIOB?
9. HapucyiiTe 30HHYIO JUarpaMMy KOHTaKTa METaJUI-MOIyNPOBOIHUK. OOBSICHUTE MPUHIIUITBI
ITIOCTPOEHHUSI 30HHOW JUarpaMMsl.
10.Hapucyiite 30HHYIO AMarpaMMy KOHTAaKTa METaI-MIOJIYIPOBOJHHUK B peKUMax 00eAHEHUS U
oOoramienus. OObSICHUTE pa3Inyusl.
11.HapucyiiTe 30HHYIO AMarpaMMy KOHTAaKTa MeTaI-IIOIYIPOBOJHHUK NP MPHIIOKEHUH
CMEILIEHUSI.
12.Yem otnuyatorcs 1updy3ust 1 MHXKEKLUs 3aps10B?
13.00BsicHUTE BOMBT-aMIIEPHYIO XapakTepucTHKy auoaa llloTTku, mpuBeanuTe ob6macTb
npuMmeHeHus auoaa Hlorrku.
14.06bscuute BonbT-(hapaaHyto XxapakrepucTuky auoaa [lortku.
15.0nuimre TeXHOIOTHUECKUH npouecc cuHTes3a quoaa LoTTku.
16.ITpuBeanTe 00IaCTh MPUMEHEHHSI OMHUECKUX KOHTAKTOB.
17.Hapucyiite 30HHYIO AMarpammy p-n nepexoja. OObICHUTE MPUHIUITBI TOCTPOESHUS 30HHOM
JarpamMmmal.
18.Hapucyiite 30HHYIO AMarpaMmy p-n repexojia B pexkumax o0eTHeHHs 1 00O0TaleHHs.
OObscHUTE TPUHLIUIIBI TOCTPOSHMS 30HHOM THarpaMMBl.
19.Ha3oBuTEe OCHOBHBIE COCTABIIAIONINE TOKA B P-N MEPeXoie.

11



20.00®bscHUTE BOJIBT-aMIIEPHYIO XapaKTEPUCTHKY P-N Mepexoa.

21.Yto Takoe oOpaTHBIN TOK (TOK HACBIIIEHHUS) P-N TIEPEX0/ia U KaK OH 3aBUCUT OT TEMITepaTypbl?
22.ITpuBeaute 001aCTh MPUMEHEHUS P-N IEPEX0Aa.

23.B uém 3akitouaeTcs siBiieHne mpodos p-n nepexoaa. Kakoe npaktuiyeckoe 3HaYCHHE
TETJIOBOTO M AJIEKTPHUECKOTO PoOosi?

24 TlepeuncnnTe OCHOBHBIE MTapaMETPhbl CTAOMIUTPOHA.

25.Kak ycrpoeH noneBoit Tpanzucrop? Kakos npuHuun ero paboTsr?

26.B uém 3akirouaercs kinrodeBoe orianare M/ Tpan3ucTopa ot moieBoro Tpanucropa’?
27.YTo0 03HAYAIOT TEPMHHBI «OOOTaLEHNE KaHAJIa», «00eJHEHNE KaHalay, «MHIYIIUPOBAHHBIN
KaHa»?

28.00bsCcHUTE 3aBUCUMOCTH TOKA B KaHAJIE CTOKA OT MPUIIOKEHHOTO HAPSKEHNUS CTOK-UCTOK U
3aTBOP-TIOJIOKKA.

29.Kaxkue pexumsbl padbotsl M/IIT Tpansuctopa Bl 3Haete? Kakue napamerpsr M/IIT Tpan3ucropa
ONMCBHIBAIOT UX?

30.Yto Ttakoe KITOM Ttexnonorus?

31.Kakue ¢uszndeckue iBICHUS MPENATCTBYIOT JalbHEHIIeMy MacmTabupoBanuo MIT/]
cTpykTyp? Kakue TexHonoruueckue npuéMbl O3BOJISAIOT 000NTH 3TU NPENATCTBUA?
32.Hapucyiite u onummre 30HHbIe AuarpaMmmbl MITJ[ cTpykTyp U TpaH3HCTOPOB.

33.0numuTe OCHOBHBIE TEXHOJIOTHYECKHE IUKIIBI Tpon3BozacTBa MIT/] cTpykTyp u
TPaH3UCTOPOB.

34.HapucyiiTe U ONUIINTE 30HHBIC TUarpaMMbl OUITOJIIPHBIX TPAH3UCTOPOB (P-N-p U n-p-N).
35.Kakue siBieHus nexar B OCHOBE paboThl OUNosipHOro TpaHisucropa? Kakue xapakTepuCTHKU
OIHMCHIBAIOT pabOTy OUITOJIIPHOTO TpaH3UCTOpa?

Hepeqeﬂb 3ajgav 1Jist CaMOCTOSITCJILHOI'O PCIICHUS

1. OnpenenuTs TEMIIEPaTYpHYIO 3aBUCUMOCTb YpOoBHSI DepMu B MOHOKPUCTAIIINYECKOM KPEMHUH
6e3 nerupyromux npumeced. Kak oHa M3MEHHTCS NpHU JIETMPOBaHUM KpeMHHs (ochopoMm c
konnenrpanueii Ng = 10 cm3? Tpu neruposanun 6opom ¢ konnenrpanueii Na = 108 cm? Ilpu
JNIETHPOBAHUM OJHOBpeMeHHO (ochopoM u Gopom ¢ komueHTpamuamu Ng = Na = 10 cm3?
[TpuBeTCTBYIOTCS KaK aHATUTHYECKHE (UMCICHHBIE) METO/IbI PELICHMS, TaK U IrpaduyecKue.

2. TTocTpouTh 3aBUCUMOCTb MOABMKHOCTH OT JIEKTpUUeckoro noist s Siu GaAs B IIUPOKOM
nuarazoHe snekTpudeckux noner (0-10 MB/cm) npu temneparypax T = 300, 350, 400 K (kakum
TEIUIOBBIM PEXHMaM U TpeOOBaHHUSIM K paboTe MOJyNPOBOJAHUKOBBIX MPUOOPOB COOTBETCTBYIOT
3TH TemnepaTrypsl?). Hanectu yucieHHble MeTKM Ha ocu. CpaBHUTE C COOTBETCTBYIOIIMMH
3aBHCUMOCTSIMH JUIsl TUDJIEKTPUKOB C MOABHKHOCTBIO CBOOOJHBIX HocuTenel 3apsna ¢ = 0,1, 1,
10 cM?/B-c.

3. HapucoBath B Macmtabe 30HHYIO JUarpaMMy KOHTakTa Si/Au JUIsi MOHOKPUCTAJUIMYECKHUX
MatepuanoB. Onpenenuts 3aBUcUMOCTb mupuHbl OI13 oT mpunoxkennoro cmemenus. OnpenenuTsb
3aBHCUMOCTh €MKOCTH KOHTaKTa OT NMPHIJIOKEHHOTo cMmeuleHus. CpaBHUTh ¢ KOHTakTamu Si/Al,
Si/SiO2/Au, Si/SiOJ/Al.

4. Onpenenuth Npoduib JETHPOBaHUS OOPAaTHO CMEIIEHHOTO p-n Hepexojaa (Bapukama), s
KOTOpPOr0 3aBHCHMOCTb PE30HAHCHOM 4acTOTHI (B COBOKYIHOCTH C BHEUIHEW MHAYKTUBHOCTBIO)
JWHEHAs OT NpuiokeHHoro HampspkeHus f~V. Jlnsg ynmpolneHus NpHHSATH, YTO IUIOLIA[b
BapHKara He 3aBHCUT OT KoopAuHaThl. Kak n3aMeHuThcs npoduiib JerupoBaHus Mpu NepeMeHHOM
iomann?

5. OneHuTh U3MEHEHHE MPUIIOKEHHOTO HAMIPSKEHUS (IIPU COXPAHEHUHU 3HAYEHUS DJIEKTPUUYECKOTO
1O0JIs1), MPOTEKAKIIEro TOKA, pPacCeMBAeMOM  MOIIHOCTH, BpPEMEHH  NEPEKIIIOYEHUS,
MIPOU3BOIUTENILHOCTh MPUOOpa MpH yMEHbIIEHUH JuHEeHHbIX pazmepoB M/III tpansucropa B N
pa3. Kak mnpenoTBpaTuTh TyHHENIbHBIE TOKHM YTEUEK uepe3 MOJ3aTBOPHBIA JUAIEKTPUK MpU
nepexo/ie K ciaeayrouieil mpoekTHoi HopMe (MaciiTadbupoanuu B 0,7 pa3)? Ilpu kakoit mpoeKTHOI
HOpPME 3TOT BOIIPOC CTAHOBUTCS aKTYaJIbHBIM?
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6. OueHuTh BpeMsl XapaKTEPUCTHKU MaTepuaioB (PHEpreTuyeckue Oapbepbl Ha TpaHMLAX
pasziesnoB, TOJIIMHBI CIOEB), UCIOIB3YEMbIX ISl XpaHEHHUs MH(POPMALUHU B S3HEPrOHE3aBUCUMBIX
npubopax NaMATH, K KOTOPBIM TPEABSIBISIOTCA Cleaylolne TpeOoBaHMUA: a) XpaHEHUs
uHdopmanuu B Teuenue 10 et npu Temneparype 85°C; 0) xpaHeHus nHpOpMaUu B TEUEHHUE
10 ner npu Temmneparype 125°C. Kakue marepuaisl yIOBISTBOPSIOT THM XapaKTePUCTHKAM?

JK3aMeHAIlMOHHbIE BOMPOCHI M0 MOJIYNPOBOAHUKOBOI YJIEKTPOHHKE

1. OnuimTe OCHOBHBIE TEXHOJIOTUYECKHUE LIUKIIbI IPOU3BOACTBA OUIIOISAPHBIX TPAH3UCTOPOB.

2. Ha3oBHTE OCHOBHBIE COCTABIISIONIME TOKA B OMTIOISIPHOM TpaH3ucTope. OnuIIITe BOJIbT-
aMIIepHbIE XapaKTePUCTUKU.

3. Kak cBsi3aHbI TOKHM SMHUTTEPA, 0a3bl U KOJJIEKTOpa?

4. OnumuTe MPUHIAT PadOTHI U XapaKTepucTUku cxeMbl ¢ Ob.

5. OnummTe TpUHIMI PabOTH U XapakTepucTUku cxemsbl ¢ OK.

6. OnumuTe TPUHITUI PAOOTHI U XapaKTEPUCTHKU cXeMbI ¢ OD.

7. OnuimuTe OpUHLKI PaOOTHI U XapaKTEPUCTUKU TUPUCTOPA.

8. Uto Takoe auoAHbI TUprcTOp? YeM oT oTiivaeTcst oT TpruoaHoro? OT moiaeBoro?

9. Onuimure OpUHLIKUI PAOOTHI U XapaKTEPUCTUKU CUMHCTOPA.

10. OnuiuTe NpuHUMI paboThl U XapaKTEPUCTUKH BapHKara.

11. Onumute npuHOUT paboOTHl  XapaKTEPUCTHKH pin Auoaa. B uém 3akmrouaeTcst OTIu4ne OT p-
n nepexonaa?

12. Onummte npuHOUT paboTH M HA3HAYEHUE CTabuCTOpa.

13. Yem BapucTop oTau4aeTcs oT Bapukana? OnuiuTe NpuHIUI paboThl BAPUCTOP, HA3HAYCHHUE.
14. OnumuTe OCHOBHBIE ATambl TexHOJIOrHH npou3Bojictea CBUC.

15. B uéMm 3akitouaeTcs OTIMYKe TUIaHAPHOW TEXHOJIOTHH OT BepTUKanbHOU? UTo y HUX 0011ero?
16. Kakue m3mueckue SBICHUS ¥ MPOILIECCHI OTPaHUIHUBAIOT ObIcTpoaeiicTBue u pecypc CBUC?
Kakue TexHonornueckue npuéMsl o3BOJSIOT 0O0NTH 3TH OrpaHUYEHuUs?

17. Onummte obnactu npumenenus high-x u low-x quanexrpukos 8 CBUC.

18. OnumuTe IBUKEHUE DIEKTPOHA B TIOJIYIPOBOJHUKE, IOMEIEHHOTO BO BHEIIHE MArHUTHOE
noJe.

19. OnuimuTe NpUHIUI pabOTHl JaTYMKOB MAarHUTHOTO nosisd. O01acTh NPUMEHEHUS.

20. OnuiyTe TPUHIMI pabOThl JATYMKOB AaBiaeHUs. O01acTh MPUMEHEHHUS.

21. Onumure NpUHLHKI pabOTHI JaTYUKOB Temiieparypsl. O01acTh NPUMEHEHUS.

22. Onumunte GU3NYECKUEe SIBICHUS, JIeKaIIle B OCHOBE (D3I MaMSITH.

23. Kakue ¢uznyeckue sBICHUS U MPOLIECCH OIPAaHUUMBAIOT OBICTPOACHCTBUE U PECYpPC
aneMeHToB (uidi naMaTtu? Kakue TexHoJornueckre npuémMbl O3BOJISAIOT 000NTH 3TH
OrpaHuyeHus?

24. Kakue nepcrneKTUBHbIE BUAbl JHEPrOHE3aBUCUMON NaMsTH Bbl 3HaeTe? Kakue ¢uznueckue
ABJICHUS JIEKAT B UX OCHOBE?

25. Kakue nmoyynpoBOJIHUKOBbIE IPUOOPBI MOTYT OBITH UCIIOJIB30BaHbI Kak Kitoun? B kakux
pexxumMax?

26. Kak ycrpoen norudeckuit uuBeptop? Kak on padotaer? O0bsicHUTE €ro GyHKIUIO.

27. Kak ycrpoen nornueckuii anement M-HE? Kak on pabotaer? OObsicHuTe ero (QyHKIHIO.

28. Kak ycrpoen noruueckuii anement UJIN-HE? Kak on paboraer? O0bscHUTE €ro PyHKIIHIO.
29. Kak yctpoena komOnHanmonHas cxema XOR?

30. Onmummte npuHOUT padoTsl RS-Tpurrepa. Uto Takoe MeTacTaOMIbHOE COCTOSIHUE TpHUrTepa?
31. Onumute npuHUMI padbotsl D-Tpurrepa. Uto Takoe MeTacTabMIIbHOE COCTOSIHUE TpUTTepa?
32. YUro obuiero u kakue paznuuus y RS- u D-tpurreposn?

33. Kak ycrpoena mudposas 3ameénka? OObICHUTE MPUHIUT €€ pabOTHI.

34. YUro Takoe casurosblil peructp? Kakosa o01acTh UX NpUMEHUMOCTH?
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35. B uém oTanuue aCHHXpPOHHBIE M CHHXPOHHBIE cueTynKoB? KakoBbl 061acTu ux
MIPUMEHUMOCTHU?
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