defepanbHOE rocy1apcTBEHHOE GHOPKETHOE 06PA30BaTEe/IbHOE YUPEXAeHN e

BbICLLEro 06pa3oBaHUA

«HOBOCMBUPCKMIA FOCYAAPCTBEHHbIV TEXHUYECKNIA YHUBEPCUTET»

Kachepa nonynpoBOAHMKOBLIX NPUGOPOB U MUKPO3NEKTPOHUKN

Kateapa aneKTpoHHbIX NpM6opoB
Kadeapa obLuelnt ¢hunsmkm

“YTBEPXXOAHD”
OJEKAH P2®

A.T.H. XpycTanes B. A.
r.

PABOYAA ITPOTPAMMA MOAVJIA
TeepaoTenbHas 31eKTPOHUKA, PAAHO03JIEKTPOHHbIE KOMIIOHEHTbl, MUKPO- H HAHO3JIeKTPOHHUKA,
npuéopbI HA KBAHTOBBIX 3¢dekTax (Moay.Ib)

B COCTaBe AMCUMMN/IMH: CnelyanbHble FaBbl HanpasieHus

KOMMOHEHTbI My KpOCMCTEMHOﬁ TEXHUKN

JucumnanHa no BblGOPY acnmpaHTa: TeXHOIOrMYecKme NPOLECChl MUKPOINIEKTPOHUKM; TeXHOMOrMs MPUGOPOB MUKPOCUCTEMHON TEXHUKM

O6pasoBatenbHas nporpamma: 11.06.01 31eKTpoHMKa, pagnoTeEXHUKA N CUCTEMbI CBA3K, NPODUIIb:
TBepLoTe/IbHaA 3MEKTPOHMKA, PafN03/IEKTPOHHbIE KOMMOHEHTbI, MUKPO- U HAHO3/IEKTPOHWKA, Mpr1eopsI
Ha KBaHTOBbIX aeKTax

Kypc: 2 3, cemectpbl : 34 5
dakynbTeT pagnoTEXHUKIN N 3NEKTPOHWUKM,

CemecTp
Ne Bug peaTtenbHocTn 3141(5
1 Bcero 3a4eTHbIX efuHULY 3 |6 |6
(KpeguToB)
2 | Bcero yacos 108|216 216
3 Bcero 3aHATWIN B KOHTAKTHOW 30 |23 |25
thopme, yac.
Jlekuwmm, vac. 18
MpakKTnyeckue 3aHATUS, Yac.
NabopaTopHble 3aHATUA, Yac.
7 M3 HUX B KTVIBHOIA 1 o lo lo
WHTEPaKTUBHOW (hopme, yac.
ATTecTaums, yac. 2 |2 |2
KoHcynbTaumu, yac. 10 |21 |23
10{ CamocTosTeNbHas paboTa, yvac. 78 193] 191
Bugbl caMoCcTOATENbHOI paboThl
11 (KypcoBoi1 NpoeKT, KypcoBast
paboTa, PI'3, nogrotoBka K
KOHTPO/bHOW paboTe)
12| Bug atrectauymu 3 |3 |93

Hosocnbupck 2017



Paboyas nporpamma cocTas/ieHa Ha OCHOBaHWW (pefepasibHOro rocyapcTBeHHOro 06pa3oBaTe/ibHOro
CTaHAapTa BbicLLero obpasoBaHus NO HanpasneHuio (cneynanbHocTK): 11.06.01 DneKTpoHMKa, pagnoTexHuKa
N CUCTEMbI CBA3N

&I OC BBefeH B aeincteme npmkasom Ne876 ot 30.07.2014 r., gata ytBepxaeHus: 25.08.2014 r.

MecTo mMoayns B CTPYKType yyebHoro nnaHa: bnok 1

Pabouas nporpamma paspabotaHa Ha OCHOBE KOMMETEHTHOCTHOM MOAENM BbINYCKHMKA MO HaNpaBieHNIo
(cneumansHocTh): 11.06.01 SneKTPOHMNKA, paanoTeXHMKA U CUCTEMbI CBA3U

Pabouas nporpamma obcyx/eHa Ha 3acefjaHnmn Kadeapbl
MrvM3, npoTtokon 3acefaHnsa kaeapbl No5 ot 20.06.2017

3r, npoTtokon 3acefaHnsa Kaeapbl Ne6 ot 20.06.2017
O, npotokon 3acefaHuns kaeapb! Ne9 ot 20.06.2017

YTBepXaeHa Ha coBeTe (paky/ibTeTa PaguoTEXHUKM N 3NEKTPOHUKK, NPOTOKON Ne 6 oT 21.06.2017

Mporpammy paspaboTan:
npodeccop, 4.T.H. pugunH B. A.
3aBefyownii kageapoii:

C.H.C., A.b-Mm.H. aitcnep B. A.

npodpeccop, 4.7.H. Makyxa B. K.
[loueHT, K.T.H. Ctpenbuos C. A.

OTBETCTBEHHbI 32 06pa30BaTe/bHYI0 NPOrpamMmy:

npodeccop MpuagumH B. A.



I. PaGouas nporpaMma QTHCIHIJIMHBI
CrnenuanpHble raasbl Hampasaenus (1)
Pa6ouast mporpamma aucuuminabl "CrienuaibHEIC TIaBbl HANIPABIICHUS MPUBEICHA B
MPUIIOKEHUH 1.

II. PaGoyasi nporpaMma JHCIHIIHHBI
KoMmnoHeHTBI MUKpOCHCTeMHOI TeXHHKH ([12)
Pabouas mporpamma aucrurinHsl ' KoMIOHEHTE MUKPOCHCTEMHOM TEXHUKH" TIPUBEICHA B
MPUI0KEHUHU 2.

II1. PaGouas mporpaMMa qHCHHIIMHBI
TexHonornueckue mpoueccbl MUKpo3aeKTpoHukH (/13)
PaGouast mporpamMma qucuIuinHb "' TeXHOIOTMUECKUE MPOIIECCHl MUKPOAICKTPOHUKU ' TTPUBEACHA
B MIPUJIOKECHUU 3.

IV. PaGouas nporpaMmMa JHCHUILTHHBI
TexHonorust npu6opoB MUKpocHUcTeMHON TexHUKH (/14)
Pabouas nporpamma nucuuniauss! "TexHoI0rHs NpruOOpPOB MUKPOCUCTEMHOMN TEXHUKH"
MIPUBEJCHA B MPUJIOKEHUH 4.

V. MpaBuna aTrectaumm 06yyaroLmxcs no Moaysio

[lns ceMecTpOBOW aTTecTaumm 06y4aroLLMXCs M0 MOAY/H0 UCMONb3YEeTCs 6an/ibHO-PENTUHIOBAsA
cuctema (BPC), no3BonstoLWwas BbICTaBASTb OLEHKN MO TPaAMULMOHHON LWKane 1 15-ypoBHEBOM
ECTS.

Kpatkas nHgopmauums o BPC npvseseHa B Tabs. 1.

Tabnuua 1
OueHnBaemble BUAbI LeATeIbHOCTY 06y4aroLmxcs 'g/lalﬂ MakcrmanbHbIn 6ann

CemecTp: 3

Iloozomoexa k 3anamusim: 0

Camocmosmenvroe uzyuenie meopemuieckoc0 Mamepuaida: 40 80

3auem: 10 20
CemecTp: 4

Camocmosmensroe uzyueHie meopemuiecko20 Mamepuaia: 40 80

3avem: 10 20
CemecTp: 5

Camocmosmensroe uzyyeHue meopemudecko20 Mamepuaid: 30 60
Orzamen: 20 40




B Ta6nuue 2 npeacTaBneHo COOTBETCTBME (DOPM KOHTPONS 3asBNseMbIM TPeGOBaHMAM K
pe3ynbTaTaM OCBOEHUS MOAYNS.

Tabnuua 2

Kogb! PopMbI KOHTPONA
KoMMeTeH
< PesynbTaTbl 06y4yeHUs
L 3Ka.
droc 3au. A1 |3au. 12 135
MK.1.B 31. 3HaTb NPMHUWMMNbI PaboTbl OCHOBHbIX TUMOB NONYNPOBOAHMKOBBLIX NPUGOPOH + +
1 KOMNOHEHT MCT (MUKPOCUCTEMHO TEXHWUKMN)
MK.1.B yl. YMeTb N0Nb30BaTLCS KNaCCUYeCKOW Teopueii MonynpoBOAHMNKOBbIX +
npuéopos
MK.2.B 31. 3HaTb K/laccuyeckre TEXHOMNOMMYECKMe NpoLEecchbl N3roToB/IEHNS +
WHTErpasibHbIX MUKPOCXEM N MUKPOCUCTEMHOW TEXHUKM
+ +

MK.2.B yl. ymeTb Mosib30BaTbCA YAC/EHHBIMU MOLENAMM TEXHONOTMYECKMX MPOLIECCOB

®OH/, OLIEHOYHbIX CPEACTB MO AMCLIMMINHE NPeACTaBNeH B NPUnoXeHUn Ne 1 K paboueit
nporpamme.




MpunoxeHue 1
Paboyas nporpamma AUCUUNINHBI
CneunanbHble r1aBbl HanpasBieHUs

1. BHewHWe TpeboBaHUs

Tabnuua 1.1

Komnemenyusn HI'TY: TIK.1.B roroBHOCTh IPOEKTHPOBATH Pa3IHYHBIC THIBI MOTYNPOBOIHAKOBBIX IPHGOPOB
¥ KOMIIOHEHT MHKPOCHCTEMHOM TeXHUKH; 8 YACHU C/1€0YIOU{UX PE3YTIbMAmMOo8 00y UeHU:

31. 3HaTb MNPUHUWMMbLI PabOTbl OCHOBHbLIX TUMOB NOAYNPOBOAHWMKOBBLIX NMPUGOPOB 1 KOMMOHEHT MCT
(MUKPOCUCTEMHOM TEXHWKN)

y1. YMeTb NM0/b30BaThCS KNACCUUECKO TeOpyel NonynpoBoAHNKOBLIX NPYGOPOB

2. TpeboBaHua HI'TY K pesynbTaTam 0CBOEHUS AUCUMUM/INHBI

Tabnuua 2.1
PesynbTaTbl N3y4eHUS ANCUUM/IVHBI NO YPOBHSIM OCBOEHUS (MMETb dopMbl OpraHmsalnm
npeacTaB/ieHWe, 3HaTb, YMETb, B/1afeTh) 3aHATUINA

CneupanbHble rnasbl HanpasneHus

MK.1.B.31 3HaTb NPUHLAIMbI PaboTbl OCHOBHbLIX TUMOB MOYNPOBOAHNKOBLIX MPUOOPOB U
KOMMOHEHT MCT (MUKPOCUCTEMHOI TEXHUKMW)

1.0 BIuIHAHN QH3AKA MOTYTIIPOBOTHHKOB U TIOIYIPOBOTHAKOBEIX IPHOOPOB Ha Nekuyun; CamocTosATebHAs

Pa3sBHUTHE TeXHHKM. paboTa

2.006 o0nmmx cBOHCTBaX IOJIYIIPOBOIHHUKOB. Nekuun; CamoctonTenbHas
paboTa

3.DusryuecKre MEXaHA3MBI SJIEKTPOIPOBOAHOCTH IOIYIPOBOAHUKOB B PAsIHYHbIX | [lekuyn; CaMOCTOATeNbHAs

YCITOBHSIX. pabota

4 MexaHU3MbI peKOMOHMHAIIH B IIOJIYIIPOBOTHHUKAX. Nekuun; CamocTonTeNbHas
paboTa

5.Teoputo P-n mepexosia, 9aCTOTHEIE H HMITYJIbCHBIE CBOHCTBA, MEXaHU3MBI IPO0OSL. | Nlekumu; CaMocTosTeNbHAA
paboTa

6. TparsucTopasrif 3¢ dekr. Nekyun; CamoctonTeNlbHas
paboTa

7.30HHAS CTPYKTYpa KOHTAKTa METAJLI-IIOIYIPOBOIHAK U Nekuyu; CamocTonTeNbHas

MeTaJlI- A3 IeKTPUK-TIOIYIIPOBOIHUK. paboTa

MK.1.B.yl ¥MeTb N0/1b30BaTbCA KIacCUYeCKOM Teopuein NoiynpoBOAHNKOBLIX MPrM60poB

8.006 0c00eHHOCTSX 30HHOM CTPYKTYPBI IU3JIEKTPUKOB, METAILIOB, Nexuymm; CamocTosTeNbHas

HOJYIIPOBOTHUKOB. paboTa

9.30HHAs AEAarpaMMa reTepo p-n mepexoa. Jekuuun; CamocTosTe/lbHas
paboTa

10.DoTosaeKTpHUECKHe IBICHAS B TIOIYIIPOBOJHUKAX: (POTONPOBOIAMOCTD, Nekuyun; CamocTosATebHAs

(dhoToBOMBbTaNIECKHX P PEKT. pa6oTa

11.J[roMHHHCIIEHITUS B TOJIYTIPOBOTHUKAX. Nexuymm; CamocTosiTeNbHast
paboTa

12 Jla3epHsIii 53¢ G eKT B MOTYIPOBOTHAKAX. Nekuun; CamoctonTeNbHas
paboTa

13.Tepmonekrpudeckue siBiIeHHs, Y dexT Xoita B HOIYIPOBOTHAKAX. Jekuuu; CamocTosATe/IbHas
paboTa

14 TloBepXHOCTHBIC aKyCTHIESCKHE BOTHBIL. Jlekuuum; CamocTosTe/IbHas
paboTa

15.Aranm3a XapaKTepHUCTHK MOIYIIPOBOTHUKOBBIX IIPHOOPOB HCXOISI W3 30HHOM Nexuyn; CamocTosTeNbHas

CTPYKTYpPHI MaTeprata ¥ KOMHIeCTBEHHBIX OICHOK TIapaMeTPOB OCHOBHBIX pa6oTa

IPUOOPHBIX CTPYKTYP.

3. CofiepykaHuie 1 CTPYKTypa yUebHol ANCLUNNHBI



Tabnuua 3.1

AKTUBHbIE

Tembl nekuuin hopMbl, vac.

Yacbl

CcCbIIKM Ha
pesynbTaThl
00y4yeHus

CemecTp: 3

AnpakTunyeckasn eguHmua: O6LLmMe CBOMCTBA NOTYNPOBOAHUKOB.

1. O6wyMe cBOICTBA NOMYNPOBOAHNKOB. [prpoga XMMUYecKom
cBA3n. CTpYKTypa KpucTainos. VgeanbHble U peasibHble
Kpuctansbl. JeekTbl B Kpuctainax. CBOMNCTBA OCHOBHbIX
MOHOKPUCTa/ININYECKNX MATEPMaIoB MUKPO3NIEKTPOHUKN: Si,
GaAs v ap. MNonmkpucTaninyeckne n amop-Hole
MO/YNPOBOAHNKMA.

1,13, 2

AvpakTrnyeckasa egmHuLa: 30HHaA Teopusa TBEPAOro Tena

2. 30HHas Teopus TBEPLOro Tena. dHEPreTUYeckmne CnekTpbl
3/IEKTPOHOB B MeTa/1/1ax, NOJynpoBOAHMKAX, AN3NIEKTPUKAX.
30Ha NPoOBOAMMOCTM U BaJIEHTHAA 30Ha. DMEKTPOHbLI U AbIPKU.
AddekTnBHAA Macca 3NEKTPOHA. IKCUTOHbI. COBCTBEHHbIE U
NPUMeCHbIe NoJyNPOBOAHUKMN. [IOHOPHbIe U aKLenTopHble
NPUMECH.

13,7, 8

AvpakTnyeckasi eamHuua: OCHOBbI CTaTUCTUYECKOMN (UMK

3. OCHOBbI CTAaTUCTUYECKOW (hU3NKN. PYHKLMA pacripeseneHns
®epmu-Anpaka. KoHUeHTpaLms 3/1eKTPOHOB W AbIPOK B 30HaX
N UX TemMnepaTypHble 3aBUCUMOCTU. PacnpegeneHue
Makcsenna-bonbLMaHa. Kputepuit BbIpOX4eHUs
3/1EKTPOHHOIO rasa. BbIpoXaeHHbIe Y HEBLIPOXKAEHHbIe
NOYNPOBOAHUKN.

13,5,7

AnpakTuyeckas eamHMLa: PekoMbMHaL st HocUTeneld 3apaaa.

4. PekoMbMHaUmMs HocuTeNeit 3apsaa. PekoMorHaums
"30Ha-30Ha" 1 PEKOMOMHaLMS Yepe3 NpMmecu 1 AeteKTbl.
Teopusa pekombuHaummn LLoknun-Puga. Auddy3nmoHHas gavHa
1 BPEMS XXN3HW HOCUTENEN. MoBepXHOCTHAS PEKOMOUHALS.

11, 13,4

AVpakTnyeckas eMHULA: DNeKTPONPOBOAHOCTb MOyNPOBOAHMKOB.

5. OneKTponpoBogHOCTb MNONYNPOBOAHNKOB. HocuTenn 3apsaga
B cN1abom aneKTpryeckom none. Bsavmopeiictaue ¢
(hOHOHaMK, MPUMECHBLIMU aTOMaMW, AedieKTaMm.
MoABWXHOCTb 3N1EKTPOHOB 1 [bIPOK. YCnoBue
3NeKTPOHeNTpanbHoCTU. Andidhy3una n apelidy HocuTenein
3apsga. COOTHO-LeHMe DiHWTeHa. HocuTtenn 3apsga B 0
CUJIbHOM 3/1EKTPUYECKOM MOose. [TopsaYme 3M1eKTPOHBI.
NaBYHHOE YMHOXEeHMe B NONYNPOBOAHUKAX. DNEKTPUYECKME
[IOMEHbI 1 TOKOBbIE LUHYPbI. DPMPeKT [MaHHa. Y paBHeHWe ans
MJIOTHOCTW 3/IEKTPUYECKOIO TOKA B MOMYNPOBOSHNKAX.
YpaBHeHWe HenpepbIBHOCTU. Y paBHeHMe NyaccoHa

13,2,3

AnpakTuyeckasn eauHMLa: dNeKTPOHHO-AbIPOYHbIN (p-n) Nepexoa,

6. DNeKTPOHHO-AbIPOYHBIN (p-n) Nepexoa. VIHxekums v
9KCTPaKLMA HEOCHOBHbIX HOCUTENeN 3apsaza. BonbT-amnepHas
XapaKTepucTuka p-n nepexoga. TOKM HOCUTeSe 3apsaga B p-n
repexofe, KsasnyposHu ®epmu. I"eHepaums 1 pekoMmouHaums 0
HocuTeneld B p-n nepexofe. bapbepHas u anddy3moHHas
eMKOCTb. YaCcTOTHbIE U MMMYNbCHbIE CBOMCTBA. Mpo6oit p-n
nepexoja: Ten/0BOM, NaBUHHBINA, TYHHENbHBbIN.

13,5

AvpakTnyeckas egnHnLa: TpaH3UCTOPHbIN 3(MMEKT.




7. TpaH3UCTOPHbI 3ddeKT. 30HHAsA AnarpaMmma
NoNyNPOBOAHMKOBOM CTPYKTYPbI C ABYMS 6/1M3KO
pacnonioXeHHbI-MU p-n nepexogamm. KoapuumeHt
NHXeKuun. KoahurumeHT nepeHoca HocuTeseit Yepes 6asy.
Ko3hmumeHT ycuneHns TpaHancTopa.

2 13,6

AvpakTnyeckas eamHuLa: KOHTaKT MeTas/1-nosynpoBOAHNK.

8. KoHTaKT MeTan-nonynposogHnk. Teopus LLIOTTKw.
BonbT-amnepHas xapaktepuctuka. OMUYECKUIA KOHTaKT.
ConoctasneHue ¢ p-n nepexofomM. CTpyKTypa
MeTaIN-AN3NEKTPUK-NONYNPOBOAHNK. 30HHAA guarpamma n ee
N3-MeHEeHWe NPy NPUIOXKEHNWN HanpsHXKeHns. Ponb
MOBEPXHOCTHBIX COCTOAAHUIA, MOABVKHBIX 1 HEMOABMXHbIX
3apAf0B B AVANEKTPUKE.

1 13,7,8

Onoaktunyeckas eguHuLa: 'eTepoCTPYKTYpbl.

9. NeTepocCTpyKTYpbI. 30HHAS Anarpamma retepo- p-n
ne-pexoga. KoapuumeHT nHxekummn. CynepuHxexums.
OfunHapHbIe 1 ABOViHbIE reTepoCTPYKTYPbI.

2 13,9

ﬂ'I/I,D,aKTI/NeCKaFI eanHunLua: CDOTOSIIEKTpI/ILIeCKI/Ie ABJIEHNA B

No/sTynpoBOAHMKAX.

10. ®0OTO3NEKTPUYECKIME ABNEHMSA B MOJYNPOBOAHMKAX.
lornovieHune n3nyyeHns: CO6CTBEHHOE N NPUMECHOE,
9KCUTOHHOE N Ha CBOBOAHbLIX HOCUTENAX. 3aKOH byrepa.
KpacHas rpaHuua norsotleHns. doTonposoaNMOCTb.
CnekTpanibHas XapakTepucTuka. ®oToBONbTANYECKUIA A(D-(PEKT
B p-n Mepexoge.

1 10, 13

AvpakTnyeckas eamHuLa: VianyyeHve nosynpoBoAHMKOB.

11. isnyyeHne NonynpoBOAHNKOB. [pamble 1 HENpPAMble
nepexofbl HocuTenel 3apsaa. Buabl MIOMUHeCLEHLMN:
NHXXEKLMOHHAA, KaTof0-, POTOMHOMUHECLIEHLMA. CNEKTpbI
n3nyyeHms. KBaHTOBbIN BbIXOZ. BbIBOA U3NyYeHNs U3
NnoaynpoBOAHNKOB.

1 11,13

AnpakTudeckas eamHuLa: SlasepHblii a(eKT B NONYNpPOBOAHMKAX.

12. azepHbIil aptheKT B NONYNPOBOAHMKAX. ONTUYECKWNIA
pe3oHaTop, YCU/EHME 1 reHepaums ceeta. Moporosbiii TOK

0

1 12,13

AnpakTudeckas eamHuLa: TepMoaneKTPUYecKme SSBNEHNS.

13. Tepmo3aneKTpuyecKue aBneHns. Tepmo- u
rasibBaHO-mMarHUTHble 3QgeKTbl. APDEKT Xonna. dNeKTpo-,
MarHuTOo-, aKyCTOOMNTUYECKME 3PPEKTBI. [1OBEPXHOCTHLIE
aKyCTUYeCKWNe BOJTHbI.

1 13, 14,15

Tabnuua 3.2

Tembl ANA CaMOCTOATE/IBHOITO | AKTUBHbIE
nU3yyeHusa (hopMblI, yac.

CcbIfIKK Ha
Yacsl pesynbTathl
0byueHus

YyebHas AesiTeNIbHOCTb

CemecTp: 3

AvpakTnyeckas eamHuua: O6Lme CBOMCTBA NOMYNPOBOAHNKOB.

1. O6wme cBoicTBa
nonynpoBoAHUKOB. Mpuposa
XUMUYe-CKoM cBs3n. CTpyKTypa
Kpuctannos. geanbHble U
peasib-Hble KpucTabl. [edekTsl B

KpucTtannax. CBONCTBa 0C-HOBHbIX 0 7 1,

MOHOKPUCTaIIMYECKNX
MaTepranioB MUKPO3NEK-TPOHUKM:
Si, GaAs n gp.
MonvkpucTaninyeckme n
amMop-Hble MONYNpPOBOAHUKN.

13,2

CaMOCTOATENNIbHOE NU3yHEHNE




AvpakTnyeckas eMHULA: 30HHas Teopmsa TBEPAOro Tena

2. 30HHasA Teopusa TBEPLOIO Tesa.
SHepreTuyecKme CNeKTpbI
3/1EKTPOHOB B MeTanax,
NnonynpoBOAHNKAX, AN3NEKTPUKAX.
30Ha NPoBOAMMOCTY U BaJIEHTHaA
30Ha. DNEKTPOHbI U bIPKN. 0 7 13,7,8
3hheKTBHASA Macca 3NeKTPOHa.
AKcUTOHbI. COBCTBEHHbIE U
NPUMECHbIE MOJYNPOBOAHUKM.
LJOHOpPHbIe 1 aKLEeNTOpHbIe
npuUMecHu.

CaMOCTOATENNIbHOE N3yHEHNE

AnpakTunyeckasn egnHmua: OCHOBbI CTaTUCTUYECKON (IUSUKN.

3. OCHOBbI CTaTUCTUYECKO
(PU3NKN. PYHKUMA pacrnpeseneHns
®epmun-Anpaka. KoHuUeHTpawms
3N1EKTPOHOB Y [bl-POK B 30HaX U UX
TemnepaTypHble 3aBUCUMOCTMU.
PacnpepgeneHmne
Makcsenna-bonbumaHa. Kputepuia
BbIPOX/EHWS 3N1EKTPOHHOr O rasa.
BbIpoXAeHHbIe N HEBLIPOX/AEHHbIE
MoJsTyNPOBOHUKM.

0 7 13,5,7

CaMOCTOATENbHOE NU3y4eEHNE

AnpakTuyeckas eamHMLa: PekoMbMHaL WSt HocUTeNeld 3apsa.

4. PekoMOVHaLmMs HocuTeNei
3apsga. PekomouHaums
"30Ha-30Ha" 1 peKoMOMHaLmA
yepes nNpumecy 1 gegekTol. Teopus
pekombuHaumm LLloknn-Puaa.
Anddy3noHHasa anvHa n Bpems
YXM3HWU HocuTenel. MoBepxXHOCTHas
pekoMm-6uHauus.

0 6 11,13, 4

CaMOCTOATENbHOE NU3yHEHNE

ﬂ'I/I,D,aKTI/NeCKaFI eanHunLua: 3ﬂeKTpOﬂpOBO,qHOCTb noaynpoBoAHNKOB.

5. ONneKTponpoBOAHOCTb
noslynpoBOAHMKOB. HocuTenu
3apsza B cnabom 3NeKTPUYECKOM
none. BaaumogeiicTeme ¢
(hOHOHaMW, NPMMECHBIMW aTOMamu,
Aehekramu. MofBUXHOCTb
3/1EKTPOHOB 1 AbIPOK. Y C/oBme
3NEKTPOHENTPaIbHOCTH.

Anddysunsa n gpeit HocuTenel
3apsaga. CooTHOLEHVE
SitHWTeliHa. HocuTenn 3apsga B 0 7 13,2, 3
CW/IbHOM 3/1EKTPUYECKOM MOJSIe.
["opAYne aneKTpoHbI. JTaBUHHOe
YMHO>XeHWe B M0/yrnpoBOAHNKAX.
ANeKTpUYecKne JOMeHbI 1
TOKOBbI€e LUHYpPbI. (eKT "aHHa.
YpaBHeHue Ans NAOTHOCTU
3N1EeKTPUYECKOro TOKa B
MosynpoBOAHMKaX. Y paBHeHne
HenpepbIBHOCTU. YpaBHeHWe
NyaccoHa

CaMOCTOATENNbHOE N3yHEHNE

AvaakTuyeckas eaMHMLa: SNeKTPOHHO-AbIPOYHBINA (p-n) Nepexo,




6. SNeKTPOHHO-AbIPOYUHBIN (pP-N)
nepexoa. VIHXeKuums 1 aKcTpakums
HEOCHOBHbIX HOCUTENEN 3apsa.
BonbT-amnepHas XxapakTepucTuka
p-n nepexoga. TOKW HOCUTeNeN
3apsfa B p-n nepexoje,
KBasnyposHu depmu. ["eHepaums 1
peKoMOMHaL A HocuTenel B p-n
nepexoge. bapbepHas v
ANQQY3noHHAsS EMKOCTb.
YacTOTHbIE M UMMY/bCHbIE
cBoit-cTBa. MNpoboii p-n nepexoaa:
TENI0BOW, NaBUHHBIN,
TYHHESbHBbIN.

13,5

CaMOCTOATENTbHOE N3y4YeHne

OunpakTnyeckas eamHuua: TpaH3UCTOPHbIR athdeKT.

7. TpaH3MCTOPHBIA 3ghheKT. 30HHas
AviarpaMma nosyrnpoBOLHVIKOBOW
CTPYKTYpbI C AByMS 6/I13KO
pacnonioXeHHbI-MU p-n
nepexofamu. KoathgpuumeHT
NHXeKummn. KoathmumneHT
nepeHoca HocuTenen yepes 6asy.
KoathpunumeHT ycuneHns
TpaH3ncTopa.

13,6

CaMOCTOATENbHOE NU3yYEHNE

Anpaktnyeckas eguHuua: KoHTaKT MeTasnn-nonynpo

BOAHMWK.

8. KoHTakT
MeTanN-nosynpoBoAHWK. Teopus
LLIoTTKN. BonbT-amnepHas
XapakTepucTnka. OMUYeCKmnin
KoHTaKT. ConocrasneHue ¢ p-n
nepexogom. CTpyKTypa
MeTaIN-AN3NEKTPUK-NONYNPOBOAH
WK. 30HHaa guarpaMma u ee
N3-MEeHeHMe Npu NPUIoXKeHUM
HarnpskeHus. Poib MOBEPXHOCTHbIX
COCTOSIHWIA, MOABUKHBIX U
HenoABWXKHbIX 3apAL0B B
LM3NEKTPUIKE.

13,7, 8

CaMOCTOATENTbHOE N3y4YeHNe

AnpakTuyeckasn eauHuua; MeTepocTPyKTYypbl.

9. eTepoCTPYKTYpbI. 30HHAA
Jmarpamma retepo- p-n re-pexoga.
KoahpuimeHT nHXeKLmn.
CynepuHxekunsa. OgnHapHble n
[BOViHbIE reTEPOCTPYKTYPbI.

13,9

CaMOCTOATETIbHOE N3y4YeHNe

AvpakTnyeckas egmHuLa: PoTo3NeKTPUYECKNE SIBNIEHUS B NMOYMNPOB

OfIHMKaX.

10. ®OTO3NEKTPUYECKIE ABNIEHNSA B
nonynpoBofHuKax. NornoweHve
N3/1y4yeHns: CO6CTBEHHOE U
NPUMeCHOe, 3KCUTOHHOE N Ha
CBOGO/HbIX HOCUTENAX. 3aKOH
byrepa. KpacHas rpaHuLa
norsoLLeHns. ®oTonpoBoANMOCTb.
CnekTpa/ibHas XapaKTepucTumka.
doTOBONMBTANYECKNIA 3(h-PEKT B p-n
nepexoge.

10, 13

CaMOoCTOATENNIbHOE N3yHEHNE

AvpakTnyeckas egmHuua; VianyyeHve nosynpoBoAHMKOB.




11. N3ny4eHne NonynpoBOAHMKOB.
Mpamble 1 HenpsAMble Nepexoabl
HocuTenen 3apaga. Bugbl
JIIOMWHECLEHLMN: UHXKEKLIMOHHASA,
KaTofo-, (POTOMOMUHECLLEHLNS.
CnekTpbl U31ydYeHns. KBaHTOBbII
BbIX04. BbIBOA M31yyYeHns 13
NMoIynpOBOLHUKOB.

0 5 11,13 CamoCTOATe/NbHAA NU3yYeHue

AnpakTuyeckasn egnHmua; JlasepHblid adeKT B NONYNPOBOAHMKAX.

12. Na3epHblil 3h(eKT B
NoNynpoBoAHMKaxX. ONTUYECKNiA
pe30HaTop, YCUNEHUE U reHepauus
cBeTa. [oporoBbIi TOK

0 5 12,13 CaMOCTOATENIbHOE N3yYeHUne

AnpakTudeckas eamHuLa: TepMOoaneKTPUYecKme SSBNEHNS.

13. TepmO3neKTpu4ecKme ABeHus.
Tepmo- 1 rabBaHO-MarHUTHbIE
addekTbl. dhdhekT Xonna.
DNeKTPo-, MarHnTo-, 0 7 13, 14, 15 CaMOCTOATENIbHOE U3yYeHMe
aKyCTOONTUYeCKUe 3 eKTbl.
[MOBEPXHOCTHbIE aKyCTUYECKMe

BOJIHbI.
4. CamocTosiTeNlbHasi paboTa oby4atoLerocs
CcbINKKN Ha
o Yacbl Ha Uacbl Ha
Ne Buabl caMocToATeNIbHOM paboThl pe3ynbTaThl
BbIMO/IHEHWE [KOHCY/IbTauuu
06yyeHus
CemecTp: 3
1 |lMNoaroToBka K aTTectaummu 13 0 10

. KameHckas A. B. TexXHOMOrM4yeckme NpoLecchl B MUKPO3NIEKTPOHKKE @ y4ebHO-MeToAMYeCKOe nocobue /
A. B. KameHckas, P. . ukapesa ; HoBocu6. roc. TexH. yH-T. - HoBocubmpck, 2005. - 43 ¢. : cXembl,Tab/l..
- Pexxum pgoctyna: http://elibrary.nstu.ru/source?bib_id=vtls000044161

CamocToaTeNbHoe n3ydeHmne TeopeTUUYeCcKoro 1' 10' 11’ 12’
2 y P 13 14,15, 2,3, |78 0
marepuana 4567809

CTyfeHT n3y4yaet TeMbl, NpuBefeHHble B Tabnuue 3.2 : KameHckas A. B. TexHO/IOrM4eckre npoLeccsl B
MVKPO3/IEKTPOHMKE : y4ebHO-MeToAMYecKoe nocobme / A. B. KameHckag, P. . Aukapesa ; HoBocw6. roc.
TEXH. YH-T. - HoBocmbumpck, 2005. - 43 ¢. : cxeMbl,Tab/1.. - PeXum gocTyna:
http://elibrary.nstu.ru/source?bib_id=vtls000044161

5. TexHoN0rnsa 0by4yeHus

[lns opraHn3aummn n KOHTPOA CaMOCTOATENbHOW paboTbl 06yHatoLLMXCH, & TaKXKe NPoBejeHNs
KOHCy/IbTauuii NPUMEHSOTCA UHOPMaLMOHHO-KOMMYHUKALMOHHBIE TexHonoruu (tabn. 5.1).

Tabnuua 5.1
[JedaTtenbHocTb VHopmauoHHO-KOMMYHUKALNOHHbIE TEXHO/IOT U

e-mail; JlnuHbili TUNOBON caiiT; MopTan HI'TY; CouunanbHble
MHhopmmpoBaHue . .

cetu; Yat; 3bC
KoHcynbT1poBaHue e-mail; JInyHbii TUNOBON caliT; CoumanbHble ceTu; Yar

e-mail; JlnuHbIi TUNOBON cauT; MopTan HI'TY; CouunanbHble
KOHTpO/Ib .

ceTu,; Yar
Pa3melLieHMe yYebHbIX e-mail; JlnuHbIli TUNOBON caiiT; MopTan HI'TY; CouunanbHble
MaTepuasnioB cetn; Yar; 96C




6. JlutepaTtypa

OcHoBHas nuTepaTypa
1. Enudanos I'. 1. ®usuka tBepaoro tena : yueoroe nocodue / I'. M. Enudanos. - CII6. [u ap.],
2011.-287,[1] c. : mi., Tabum.
2. Matyxusn B. JI. ®usuka tBepaoro tena : yuednoe mocodwue / B. JI. Maryxun, B. JI. Epmakos. -
CII6. [k ap.], 2010. - 218 ¢. : u.
3. ®dusuka TBepmoro tena [ dnexkrponnsni pecypc] : 28 kuur B PDF-dopmare. - Mokesck, 2005. - 1
anekTpoH. ont. quck (CD-ROM). - 3arn. ¢ koHTeliHepa.
4. Iparynos B. [1. OcHOBBI HAHOZIEKTPOHUKH : y4eOHOE TTOCOOUE /AJIs By30B 10 HATIPABICHUIO
"DIEeKTPOHUKA U MUKPOIJECKTPOHUKA", CICHATBHOCTAM "MUKPOIIICKTPOHUKA U TBEPAOTEIbHAS
anexTponuka" u "Muxpocucremuas texuuka' / B. I1. [Iparynos, W. I'. Heussecthsriii, B. A.
I'pumauun. - M., 2006. - 494 c. : un.
5. Nparynos B. I1. HarocTpykTypsl: hu3nKa, TEXHOIOTHS, NPUMEHEHUE ;| yueOHoe mocooue / B. I1.
Hparynos, U. I'. HeussecTnsrii ; HoBocu6. roc. TexH. yH-T. - HoBocubupck, 2010. - 354, [1] c. : n.
6. Kpacroniesries E. A. KBantoBas MexaHnKa B MIPUIOKEHUAX K (PU3KMKE TBEPAOTO Tena : [yueOHOe
nocob6ue] / E. A. Kpacuomnesues ; [HoBocu6. roc. TexH. yu-t]. - HoBocubupck, 2010. - 354 ¢. : ui..
- Pexxum nocrtyma: http://elibrary.nstu.ru/source?bib_id=vtls000143972

[lononHnTeNnbHas nuTepaTypa
1. [TaBnos I1. B. ®usuka tBepaoro tena : YueOHUK ans By30B. - Hwkauit Hosropoa, 1993. - 491 c.
;AL
2. Kutrens Y. Beenenue B husnky tBepaoro tena / [lep. c anrm. A. A. T'ycesa,A. B. [laxuesa; [Tox
obmr. pea. A. A.I'yceBa. - M., 1978.-791 c. : un.
3. bonu-bpyesuu B. JI. ®usnka moaymnpoBoaHHKOB : yaebHOE mocobue mist Gus. creir. By308 / B.
JI. bonu-bpyesuy, C. I'. Kananraukos. - M., 1990. - 685 c. : un.
4. Hlanumosa K. B. ®u3uka noixynpoBOJHUKOB ;| yUeOHHUK 7151 BYy30B TI0 CTICHAAIBHOCTH
"TlomympoBogHUKOBEIC 1 MUKpO3IeKTpoHHbIe mpubopsr” / K. B. [lammvosa. - M., 1985. - 391 c. :
WL
5. Cmut P. A. TTonynpoBonuuku : [yae6roe mocodue] / P. Cmur ; mep. mox pen. H. A. Tlenuna. -
M., 1982. - 558 ¢. : mi., CXEMBI
6. Peiekua C. M. ®oTO2/IeKTPUYECKUE ABICHUS B ITOJIYNPOBOAHUKAX : [MoHOTpadus] / C. M.
PeiBkuH. — MockBa : @usmarrus, 1963. — 494 c. — (Ousuka nonynpoBOJHUKOB U
HOJTYTTPOBOXHUKOBBIX IIPUOOPOB).
7. PxxanoB A. B. DnexTpoHHBIE ITPOLECCH HA TTOBEPXHOCTH MOTynpoBogHUKOB / A. B. PikaHoB. -
M., 1971. - 480 c.
8. lloknu B. Teopus 3M€KTPOHHBIX TOTYITPOBOJHUKOB | MPHUIOKEHHS K TCOPUU TPAH3UCTOPOB :
nep. ¢ aura. / B. Hloknwu ; mox pen. B. IT. XKyse. — Mocksa : Mnoctpannas nutepatypa, 1953. — 715
&
9. Kupees I1. C. ®usuka moaynpoBoaHUKOB : YueOHoe nmocodue mms BTy30B / [1. C. Kupees. - M.,
1975.-584 c.
10. b6 P. X. ®oTtonposoaumocts TBepabix Tei / [P. beiob ; miep. ¢ anrn. : @. S. Hana, B. 1.
Cunoposa ; mox pea. T. M. JIugmmria. - Mocksa, 1962. - 558 c. : u.
11. KpaBuenko A. @. DnekTpoHHBIE MPOLECCH B TBEPAOTEIBHBIX CHCTEMAaX MOHMKCHHOM
pasmepHocTH / A. @. KpaBuenko, B. H. Oscrok. - HoBocubupck, 2000. - 447 c. : un., cxemsl, TadI1.
12. 3u C. M. ®usuka noaynpoBoagHUKoBeix nprbdopos. Ku. 2 : B 2 ku. : Ilep. ¢ anra. / [Tox pexn. P.
A. Cypuca. - M., 1984. - 455 c. : un.

VIHTepHeT-pecypcehbl
1. OBC HI'TY : http://elibrary.nstu.ru/

2. DBC «M3nmarensctBo Jlaue» : https://e.lanbook.com/



3. OBC IPRbooks : http://www.iprbookshop.ru/

4. OBC "Znanium.com" : http://znantum.com/

7. MeToan4yecKoe 1 nporpaMmmHoe obecrieveHme

7.1 MeToauyeckoe obecreyeHue

1. Kamenckas A. B. Texaonorndeckue mporecchl B MUKPOIICKTPOHUKE | y4eOHO-METOIUECKOE
nocooue / A. B. Kamenckas, P. I1. lukapesa ; HoBocu6. roc. TexH. yH-T. - HoBocubupck, 2005. -
43 c. : cxembl,Tabi1.. - Pexxum moctyma: http:/elibrary.nstu.ru/source?bib_id=vtls000044161

7.2 Cneumann3npoBaHHOEe NporpaMmMHoe obecreyeHme
1 Office
2 Windows

8. MaTepuanbHO-TeXHUYECKOe 06ecrneyeHme

lMpe3eHTaLUMOHHOe 060pyA0BaHMe

Ne HanmeHoBaHue Ha3HaueHue

1 |lMpe3eHTaumMoHHOE 060pyAOBaHKE PacrnonoxeHo B 4 Kopnyce Ha Kaegpe
(MynbTYMeLMa-NPOeKTOp, 3KpaH, KomnbioTep (MMMM3 B kKoMHaTe 118
ANA ynpasneHns)




MpunoxeHue 2
Paboyas nporpamma AUCUUNINHBI
KOMMOHEHTbI MUKPOCUCTEMHOWN TEXHWNKMN

1. BHewHWe TpeboBaHUs

Tabnuua 1.1

Komnemenyusn HI'TY: TIK.1.B roroBHOCTh IPOEKTHPOBATH Pa3IHYHBIC THIBI MOTYNPOBOIHAKOBBIX IPHGOPOB
¥ KOMIIOHEHT MHKPOCHCTEMHOM TeXHUKH; 8 YACHU C/1€0YIOU{UX PE3YTIbMAmMOo8 00y UeHU:

31. 3HaTb MNPUHUWMMbI PabOTbl OCHOBHLIX TUMOB MOYNPOBOAHUKOBLIX NPUOOPOB 1 KOMMOHEHT MCT
(MUKPOCUCTEMHOM TEXHWKN)

KD.MI‘IEmeHl{ll}l HI'TY: IIK.2.B roTOBHOCTBIO K NPHMEHEHHUIO CTATHCTHIECKHX METOI0B B PA/IHOIORAITHOHHBIX
" paIHOHABUTAIIHOHHBIX CHCTEMAX] 6 vacmu c.*ledymmuxpezyﬂbmamoe o6yuemm:

yl. yMeTb Mo/b30BaTLCA YNCIEHHBLIMY MOAENSAMU TEXHO/IOMMYECKUX NPOLLECCOB

2. TpeboBaHua HI'TY K pe3ynibTaTam 0CBOEHUS AUCLUM/INHBI

Tabnuua 2.1
Pe3ynbTaTbl U3yYeHNA AUCLUMN/INHBLI N0 YPOBHSM 0CBOEHUSA (MMETb dopMbl OpraHmsaLnm
npeacTaB/ieHNe, 3HaTb, YMETb, B/1afeTh) 3aHATUN

KOMMOHEHT LI MI/IKpOCI/ICTGMHOVI TEXHUKN

MK.1.B.31 3HaTb NPUHLAIMbI PaboTbl OCHOBHbLIX TUMOB MOYNPOBOAHNKOBLIX MPUOOPOB 1
KOMMOHEHT MCT (MUKPOCUCTEMHOM TEXHUKN)

1.06 oOmett u/1€070THH pa3BUTHS HOBOT'O HANIPABICHUSI TeXHUKH - CamocTosTeNbHaA paboTa
MHKPOCHCTEMHAs TEXHUKA M TeXHOIOT S

2.0 TeHCHIMAX Pa3BUTHA KOMIOHEHT MHKPOCHCTEM, HC-TIOJIb3YIOIIMX TEXHOIOIHIO| CaMOCTOATebHAsA paboTa
MHKPO3JIEKTPOHUKH

3. OusnyecKue NPHHIHITBI pabOThI CEHCOPOB MEXaHHIECKHX, TEIIJIOBBIX, CamocTosTeNbHaA paboTa
MarHUTHBIX, XUMHYECKHX U paJHallHOHHBIX BEJITUYUH

4 Ouzndeckue TIPUHITATIBI pa60rm AKTHOATOPOB C SJIEKTPOCTAaTHICCKHUM U CamocToaTenbHas pa60'|'a
TEPMHUYECKHM YIIPaBIeHHEM

5.Pa6oTs1 ¢ peadbHBIME CEHCOPAMH, BBIITYCKaeMBIX pa3IHI-HEIMH MHPOBBIMHA CamocTosTeNbHas padoTa
$upmamu

MK.2.B.y1l ymMeTb N0/1b30BaTbCA YNC/IEHHBIMWU MOLENAMU TEXHOIOMMYECKMX MPOLLECCOB
6.0 B3auMOCBSI3H MEXIY MHKpOCHCTeMHOﬁ TEXHUKOH M CXEMOTEXHUYCCKUMU | CamocToaTenbHas paﬁoTa
TEXHOJIOTHYECKUMH JTOCTHIKEHHAMH MUKDPOOJIEKTPOHUKH

7.OcHOBHBIE METPOIIOTHYECKHE XaPAKTEPHUCTUKH Ba>KHEUITUX THIIOB CEHCOPOB U CamocTosTeNbHas paboTa
aKTIOaTOPOB

8.1lpakTHdeckue BapHaHTBI CECHCOPOB M aKTIOATOPOB LIS PEeIIeHUs] HHKEHEPHBIX CamocTosTeNnbHas paboTa
3a/1a4

3. Cofiep>XaHve 1 CTPYKTypa y4eoHOM ANCUUMNIINHDI

Tabnuua 3.1
TeMmbl 47191 CAMOCTOSITE/TLHOTO | AKTUBHbIE Ceb/kM Ha
N3y4yeHuns hopMbl, yac Hacbl | pesynbTathl YyebHas AesTeNbHOCTb
y L 06yueHs
CewmecTp: 4

AvpakTnyeckas eaMHuLa: MyUKpocMcTeMHas TeXHMKa - HOBOe TeXHMUYECKOe HarpaB/ieHne




1. MuKpocucTemMHasa TeXHUKa -
HOBOe TeXHWYeCKoe Harnpas/ieHue.
VcTopusa 1 OCHOBHbIE 3Tanbl
pa3-Butnd. Csasb C
MWKPO3/IEKTPOHUKON 1 OCHOBHbIE
0CO6EHHOCTWN. DMEMEHTBI 1
KOMMOHEH-Tbl MUKPOCUCTEMHOM
TeXHUKKN. CeHCopbI 1 aKToaTopbI.
Mpumepsl. Knaccugukaums
ceHcopoB. Ky6 ceHCopos.

16

1,2

CaMoCTOATENbHAA pa60Ta

AnpakTudeckas eamHnLa: CeHcopbl MeXaHUY

€CKNX BETMYHNH

2. CeHcopbl MeXaHNYecKmx
BeNMyMH. CeHcopbl Ha
TEH30Pe3NCTUBHOM 3(PeKTE.
MeTaiIMyeckre TeH30Pe3NCTOPbI.
MpUHLMN LelicTBUSA, OCHOBHbIE
XapaKTepUCTUKN, TUNNYHbIE
KOHCTPYKUMK. MNpUMeHeHuMe.
TeH30pe3nCTUBHbIN 3ptheKT B 'n™ 1
"p" KpeMHUK. JedopMaLoHHbIe 1
Harpy304Hble XapakTepucTUKK.
dPeHOMEHOM0rMYecKoe onncaHme
TEH30Pe3NCTMBHOIO adeKTa.
HenvnHelnHOCTb TEH30Pe3UCTUBHOIO
addpexta. MaTpmua
Mbe30CONPOTMBAEHNS A5
KpemHus. TemnepatypHas v
KOHLIEHTpaLMOHHasA 3aBUCUMOCTH
Mbe30CONPOTUBIIEHMS.
MpoeKTMpOBaHUe NHTErpaIbHbIX
CEHCOpPOB faB/eHNs Ha
TEH30PE3UCTUBHOM 3(PeEKTE.
MpoeKTMpoBaHue yrnpyrux
3/7IEMEHTOB. PacrnpefeneHue
Aechopmauy U HanpsHYKEHUIA B
KBaapaTHOW 1 Kpyrnoi
3aLLeMIeHHbIX auadparmax.
MpoekT1poBaHMe TOMOMNOMAK
TEH30Pe3NCTVBHbIX CEHCOPOB
AasneHus. MpyrmMep: TOMonorms
CeHcopa [jaBfieHuns ¢ KeagpaTHOM
AvagparMoin 1 TeH3opesncTopaMm
N W p TUNOB. JMEKTPMUYECKMNE
CXeMbl TEH30PE3UCTUBHbIX
CEHCOpOB faB/eHNS.
MoTeHUMOMeTPUYECKasA cxema U
MOCT YUTCTOHa. MeTponornyeckue
XapaKTepUCTUKN CEHCOPOB
[aBNEHNS - YyBCTBUTE/IbHOCTD,
HayabHbIN pasbanaHc,
HENIMHENHOCTb, rMcTepesnc

40

3,4,57

CamocrosdTesibHas pa60Ta

AvpakTnyeckasi eaMHuLa: CeHcopbl Ha eMKOCTHOM ek Te




3. CeHcopbl HA EMKOCTHOM
adpekTe. Mpeobpaszo-BaTesibHas
XapaKTepucTnKa eMKOCTHOIo
CeHcopa [aB/ieHuns ¢ Kpyriom
Anadgparmoii. Oco6eHHOCTH
KOHCTPYKLMW EMKOCTHbIX CEHCOPOB
fasneHus. Mpumep peanmsauum
CeHcopa C 1cnonb3oBaHnem
NNOKOC- TexHonoruu.
AkcenepomeTpbl. CTpyKTYypa
MUKPO3MEKTPOHHBIX
akcenepomeTpoB. OC-HOBHbIE
ypaBHEHUSA U XapaKTepUCTUKMN.
KOHCT-pyKLMA TeH30Pe3UCTUBHbIX
N eMKOCTHbIX aKce/ie-poOMeTpOB.
Akcenepometp ADXL-50.
HeTpagnLoHHbIe HanpasieHns
MOCTPOEHUSA TEH30PE3NCTUBHBIX
CeHcopoB AasneHns. CeHcopbl Ha
casurosoM sthhekte. OCHOBHbIE
ypaBHeHMs, ONMCbIBaOLLME paboTy
ceHcopoB. OCoBeHHOCTH
Tononoruu. MpumMep TEXHNYECKON
peanmsauumy - ceHcopbl MX upmbl
MoTopona. TeH30pe3nUCTUBHbIe
CEHCOPbI C AN3NEKTPUYECKON
n3onaumeit. Mbe30anekTpnyeckme
NJIEHKN N X NPUMEHEHME B
CeHcopax W aKTioaTopax.
MatemaTtnyeckoe onvcaHme
Mbe30-3/1EKTPUYECKOTO 3th(heKTa.
Mbe303neKTpuYeckme MaTepuanb.
KOHCTpYKLUMM CEHCOPOB [aB/eHNS.
Mbe303/1EKTPUYECKIME aKTHOATOPbI.

35

3,4,5

caMocCTosTe/IbHas paboTa

AnpakTudeckas eamHnla: CeHcopbl TEPMUYECKOTO CUMHaNa.




4. CeHCopbl TEPMUYECKOTO
curHana. Temnepatypa,
TemnepaTypHble LLUKaSbI.
TennonpoBOAHOCTL, KOHBEKLINA,
n3nyyeHune. TepmMOUyBCTBUTE/bHbIE
3/1eMeHTbl. PesncTopsl,
Tepmonapsl. MNpuMepbl peannsaynm
CEHCOPOB: BaKyyMMETPbI, CEHCOPbI
VK-n3nyyeHuns. SneKTpoHHble
TepMOMETpbI. Jduoab! 1
TPaH3MUCTOPbI KaK 3/1IEMEHTbI
3M1eKTPOHHOro TepMomMeTpa. PTAT-
TepMOMETpPbI. TepMuyeckune
CeHCOpb! BIAXKHOCTU. MarHuTHble
ceHcopbl. O6nacTy NPUMEHeHNS
MarHUTHbIX CEHCOPOB. SdeKT
Xonna, aggekT
MarHUTOCOMPOTUB/IEHNS.
OCO6EHHOCTY NPOEKTMPOBaHNS
CEHCOPOB Mar-HUTHOro Nons.
Martepuanb! 419 XONTOBCKUX
CeHCOpPOB. TUNUYHbIE KOHCTPYKLUM
CEHCOpPOB, XapaKTepUCTUKMN.
MarHuTHble ceHCcopbl Ha a(hdheKTe
MarHUTOCONpPOTUBAEHNS (3thheKT
Maycca). MarHMTOTpaH3nCTOopbI.
TUnMYHbIE TONONOMNYECKMe
peweHns. OcobeHHOCTH
Xa-pakTepucTuk. CeHcopbl
nsny4yeHus. LLikana
3/1EKTPOMarHUTHbIX BOJH 1
KiaccuurKaLusa CeHCopoB
n3nyyeHuns. CeHCopbl OMTUYECKOTrO
n VIK nsnyyeHus. dusmyeckme
NPUHLUMNLI paboTbl, OCHOBHbIE
XapaKTepuCTUKN, 0COBEHHOCTH
KOHCTPYKUMK. CeHcopsbl
(neTeKTopbl) pagnMoakTMBHOIO
n3nyyeHns. drsnyeckme NPUUNHLI
PafiM0aKTUBHOIO U3NyYEHNS

35

3,6,8

CaMOCTOATENbHAA pa60Ta

AvpakTnyeckas eaMHULA: AKTI0ATOPbI C 3/1EKTPOCTAaTUUECKMM Y TEPMUYECKUM NPUHLMNaMK

ynpaBeHns.




5. AKTI0aTOpBbI C
3/1EKTPOCTATUYECKUM U
TepMMYe-CKUM NpUHLMNamu
ynpasnieHus. OCo6eHHOCTH
3N1eKTPOCTATUYECKOTrO YrpaBieHus.
MwuKposepKana ¢
3NeKTPOCTATUYECKUM NPUHLMUMOM
ynpasneHus. DMD - gucnneii:
NPUHLMN paboTbl U TEXHO/OIMA
N3roTosfieHns. Pa3sntue
3N1eMeHTHOM 6a3bl
MWUKPOCUCTEMHOM TEXHUKM.
OnTnyeckue Kuu.
MwukpoknanaHbl. MUKpOHacoCh!. 0 35 7,8 caMocCTosTe/IbHas paboTa
BrYMOpHbIE CTPYKTYPbI - KaK
nprMep akToaTtopa ¢ TepMUYECKNM
MPUHLMMOM YrpaB/eHns.
CraHfapTHas apxuTeKTypa
N3MEPUTENbHBIX CUCTEM.
3BosouMsA TBEPLOTENBHON
3NEKTPOHVKM, OpraHusaums n
3/1EKTPOHMKA MUKPOCKCTEM.
3aKnouunTenbHas nekums.
TeHaeHUMN pa3BUTUA
MWUKPOCUCTEMHOM TEXHUKM.
TeHeHUMA pasBUTUSA PbIHKA

MUKPOCUCTEM.
4. CamocTosTeNlbHas paboTta oby4atoLerocs
Ccbinkun Ha
o Yacbl Ha Uackl Ha
Ne Buabl caMoCTOoATe/IbHOM paboThl pe3ynbTaThbl
BbIMONIHEHWE [KOHCY/IbTauMun
06y4eHus
CemecTp: 4
1 |lMNoaroToBKa K aTTecTauuu % g 3,456, 32 21

. KameHckas A. B. TexXHOMOrM4yeckume NpoLecchl B MUKPO3ANIEKTPOHKKE @ y4ebHO-MeToAMYeCKOe nocobue /
A. B. KameHckas, P. . ukapesa ; HoBocu6. roc. TexH. yH-T. - HoBocubmpck, 2005. - 43 ¢. : cXembl,Tab/l..
- Pexxum pgoctyna: http://elibrary.nstu.ru/source?bib_id=vtls000044161

9 CamMocCToATe/IbHOE M3YYeHVe TEOPETUYECKOTO 1,2,3,4,5,6,

maTepuasa 7,8 161 0

CTyAeHT n3yyaeT Tembl, NpuBeAeHHbIe B Tabnmue 3.1 : KameHckas A. B. TexHOMOrMyeckmne npouecchl B
MVKPO3/IEKTPOHWKE : y4ebHO-MeToAMYecKoe nocobme / A. B. KameHckag, P. . ukapesa ; HoBocw6. roc.
TeXH. YH-T. - HoBocmoupck, 2005. - 43 ¢. : cxeMbl,Tabs1.. - Pexum gocTyna:
http://elibrary.nstu.ru/source?bib_id=vtls000044161

5. TexHonorusi 0by4yeHms

[nsi opraHu3aLmm 1 KOHTPO/S CaMOCTONTe/NIbHOV paboThbl 0BYUaKOLLMXCS, a TAKXKE NPOBeAeHNS
KOHCYNbTaLIMiA MPUMEHSAOTCS MHAOPMALMOHHO-KOMMYHUKALIMOHHbIE TeXHOMorMK (Tabn. 5.1).

Tabnuua 5.1
ﬂ,e%TeﬂbHOCTb |/|HCbOpMaLI,I/IOHHO-KOMMyHI/IKaLLI/IOHHbIe TEXHOJIOT NN
VH(hopmumpoBaHme e-mail; JInuHbili TUNoBON calT; MopTtan HI'TY
KOHCYMbTUPOBaHMe e-mail; JlnuHbIi TUNOBON calT; MopTan HI'TY; CouyunanbHble
cetu
KoHTponb e-mail; Moptan HI'TY; CounanbHble CeTH




PasMelLieHne Yue6HbIX

e-mail; CounanbHble cetn; 3b6C
marepuasios

6. JlutepaTtypa

OcHoBHas nMTepaTypa

1. Orrunc b. P. Xumuueckue n Ouomorndeckue ceHCOpsI : [yuedHoe mocodue] / b. Drrunc ; mep. ¢
anrn. M. A. Cnunkuna ¢ gon. T. M. 3umunoit, B. B. JIyuunnna. - M., 2005. - 335 ¢. : un.

2. ©paiinen [{. CoBpemennbie natunku : cnpaBounuk / [x. @paiinen ; mep. ¢ aarn. 0. A.
3abomotHoil ; mox pex. E. JI. Ceunamosa. - M., 2006. - 588 c. : un.

3. I'pumgunn B. A. ®usuka mukpocuctem. Y. 2 : [yaebroe mocobue mms By308] / B. A. ['puoumn, U.
I'. Heussectrsriii, B. H. lllymckuii ; [HoBocu®. roc. TexH. yH-T]. - HoBocmbupck, 2006. - 495 c. :
ui.. - Pesxxum moctyma: http://elibrary.nstu.ru/source?bib_id=vtls000066370

JononHnTenbHas nimTepaTypa
1. Baranos B. . UnTerpansueie TeH30mpeodpasosarenn / B. U. Baranos. - M., 1983, - 137 ¢. : m.

2. Xomepuxku O. K. [TomymposogankoBsie mpeodpazosarenn marautHOro mons / O. K. Xomepukn.
-M., 1986. - 135, [1] c. : un.

3. Am XK. latunku nsmepurenbabix cucreM. B 2 ka.. Ka. 1 /K. Am ; mep. ¢ ¢p. A. C. Obyxosa. -
M., 1992. - 480 c. : un.

4, AneiiankoB A. ®@. Jlatunku (IEpCTICKTUBHBIC HAMPABIICHUS PA3BUTHSA) : yueOHOE mocobdme / A.
®. Aneiiankos, B. A. I'pumuun, M. I1. Lanenko ; mox pea. M. I1. [lanenko ; HoBocu®. roc. TexH.
yH-T u ap. - HoBocubupck, 2003. - 285 ¢. : un.

5. I'pumuun B. A. ®usuka mukpocuctem. Y. 1 : Yuebnoe mocodue ms By3os / B. A. I'puaunn, B.
I1. [lparynos; HoBocu®. roc. TexH. yH-T. - HoBocubupck, 2004. - 415 c. : un.. - Pexxum noctymna:
http://www.ciu.nstu.ru/fulltext/textbooks/2004/04 gridchin.pdf

6. Bapanan B. BU MOMC u ux npumenenue / B. Bapanan, K. Bunoii, K. J/I>xo3e ; niep. ¢ aHri. mox
pen. FO. A. 3aGonotHoii. - M., 2004. - 525 c. : un., a0, UB. WL

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

2. DBC «M3marensctBo Jlausy : https://e.lanbook.com/
3. OBC IPRbooks : http://www.iprbookshop.ru/

4. OBC "Znanium.com" : http://znantum.com/

7. MeToanyeckoe 1 NporpammMHoe obecreyeHmne

7.1 MeToguyeckoe obecrneyeHue

1. Kamenckas A. B. TexHomorndeckue mporeccsl B MUKPOIJICKTPOHHUKE | y4eOHO-METOIUICCKOE
nocooue / A. B. Kamenckas, P. I1. lukapea ; HoBocu6. roc. TexH. yH-T. - HoBocubupck, 2005. -
43 c. : cxembL,Ta0un.. - Pesxxnm noctyma: http://elibrary.nstu.ru/source?bib_1d=vtls000044161

7.2 Cneumann3npoBaHHOe NporpaMmHoe obecreyeHme
1 Office
2 Windows




8. MaTepunasibHO-TeEXHUYeCKoe obecrieveHue

CneupnanbHoe 060py0BaHNe

No HanmeHoBaHMe HasHa4yeHwne
1 |AnnapaTHo- nporpaMmmHbIin Komrneke Nicolet|cnonb3yetcs a/is nabopaTopHbIX
6700 nccnefoBaHUin
2 |YcraHoBka MJ12 "AHITAPA™ Vicnonb3yeTmsa ans nabopaTopHbIX paboT
3 |30HA0BLIN MUKPOCKON 15 NPOBEAEHUS VcnonbayeTcs ans nabopaTopHbIX

nccnen0BaHUn B 06/1aCTU HAHOTEXHOOT N

nccnenoBaHuin




Pabouas nporpamma AUCLMNINHGI

MpunoxeHue 3

TexHONorn4yeckme NPoLLECChl MUKPO3NEKTPOHMUKY

1. BHewHWe TpeboBaHUs

Tabnuua 1.1

Komnemenyus HI'TY: IIK.2.B roTOBHOCTBIO K IPHMEHEHHIO CTATHCTAYECKAX METO/I0OB B PAIHOIOKAIIHOHHBIX
4 PAJIHOHABHI ALMOHHBIX CHCTEMAX; & YACMU C/1e0VIOU{UX Pe3YIbmMAMOoe 00yUeHUs:

31. 3HaTb KNaccuyeckme TeXHOMOTMYEeCKUe NPoLLeCChbl M3roTOBNEHNUA UHTErpasibHbIX MUKPOCXEM Y

MWUKPOCUCTEMHO TEXHUKU

yl. yMeTb N0/b30BaTLCA YNCEHHBLIMY MOAENSAMU TEXHO/IOMMYECKUX NPOLLECCOB

2. TpeboBaHua HI'TY K pesynbTaTam 0CBOEHUS AUCUMUM/INHBI

Tabnuua 2.1

Pe3ynbTaTbl M3yYeHNs AUCLMMNIIVHBI MO YPOBHSAM 0CBOEHUSI (UMETb
npeacTaB/ieHWe, 3HaTb, YMeTb, BNafeTh)

dopMbl opraHmMzaLmnm
3aHATUINA

[ncumnnmHa no BbIGOPY acnupaHTa

MK.2.B.31 3HaTb Knaccu4yeckue TeEXHONOrM4yecKune NpoLeccbl M3roToOB/EHNA NHTErPasibHbIX

MUWKPOCXEM U MMKpOCMCTeMHOVI TEXHUKUA

1.06 oCHOBHBIX IPHHIUIIAX U METO/IaX pa3pabOTKH Hay4dHBIX OCHOB, PHU3UIECKUX
¥ TEXHUYECKUX IIPHHIUIIOB CO3/IaHHUS W COBEPIICHCTBOBAHMS TeXHOJIOTHH
MHKPOSIIEKTPOHHAKH M TBEP/IOTEIBHBIX IPHOOPOB

CamocTosTenbHan paboTa

2.0 cocraBe, HAa3HAYCHHH U OCHOBAX SKCIUTyaTaIlHH TEXHOIOTHIECKOTO
000pyIOBaHMS 1O H3TOTOBIICHHUIO TPAAUAIIMOHHBIX MPHOOPOB TBEPAOTEIHHOMN
DIIEKTPOHUKH, PATAOITIEKTPOHHBIX KOMIIOHEHTOB, W3/I€TUM MUKPO- H
HaHOAJIEKTPOHHKH, IIPHOOPOB Ha KBAHTOBBIX 3((exTax, BKIOTAS
OIITOAJIEKTPOHHBIC TPHOOPHI H IpeoOpa3oBaTed (U3NICCKAX BEIIAIHH (CCHCOPHI).

CamocTosTenbHan paboTa

3.0 3HaUeHWH peNIeHHs] HAayYHBIX W TEXHHYECKHX MPOOJIeM CIeIHAaIbHOCTH
05.27.01 mms HapODHOTO XO3SHCTBA, KOTOPHIE

COCTOSIT B pa3paboTke HOBBIX M COBEPIICHCTBOBAHMH CYIIECTBYIOIIUX
TPaJHUIHOHHBIX IPHOOPOB TBEPIOTENHHOH >IEKTPOHUKH U MUKPOCHCTEMHON
TeXHHKH, BKIIIOYasi ONTOXIEKTPOHHBIE NPHOOPHI M Ipeodpa3oBaTesn PU3HIECKHX
BEITHYMH (CEHCOPHI), a TAKXKE MOBBIIIE-HAN X (PYHKITHOHAIBHBIX,
OKCILTyaTaIHOHHBIX XapaKTePHCTHK U 3¢ (PeKTUBHOCTH UCIIOIh30BaHHUSL.

CamocTosaTenbHasa paboTa

4.TexHOJTOTHYECKHE CXEMBI H PEXKUMBI IOIYyICHHS IPHOOPOB TBEPAOTENHHOH
DIIEKTPOHUKH, PAHOITEKTPOHHBIX KOMIIOHEHTOB, H3JI€IHH MHKPO- H
HAHOJICKTPOHUKH, IPUOOPOB Ha KBAHTOBBIX d(deKkTax, BKIIOUAs
ONTOXICKTPOHHBIC TIPHOOPHI W Mpeodpa3zoBaTeIH (PH3AIC-CKUX BEITHINH
(ceHCOpBI).

CamocTosTeNbHas paboTa

S.AHFOPHTMLI [NPpUMEHEHHU METOI0OB MAaTEMATHICCKOI'0 MOACIUPOBaHUs IIPH
ONITUMHA3ANHUH TEXHOJIOTHH MHUKPOSJIEKTPOHUKHA U TBEPAOTCIIbHBIX HpH60p0B.

CamocTosiTeflbHas pa6oTa

G,MGTOI[I:I pa3pa60TKI/1 U HCCIICJOBAaHHA TCXHOJIOTHYCCKHX OCHOB CO3JIaHUI H
METOZI0B COBEPUICHCTBOBaHUA HpH60pOB TBepj]OTeJII)HOf/'I DJIICKTPOHHUKH U
MI/IKpOCHCTeM_HOﬁ TCXHHUKH.

CamocTosTeNbHas paboTa

7.Hcnonb30BaHMS BO3MOXKHOCTEH BEIYHUCTHTEIFHON TEXHUKH U IIPOTPAMMHOTO
obecriedeHHs 7SI TOATOTOBKH YIPABISIONIMX OIPOrpaMM, IIPOBE/ICHUS i KOHTPOJIS
MPOIIECCOB C UCIIOIh30BAHHEM TEXHOIOTHH MUKPOIJIEKTPOHUKH U TBEPIOTEIbHBIX
puOOpPOB.

CamocTosTeNbHas paboTa

MK.2.B.yl ymeTb No/sib30BaTbCA YMCNEHHLIMU MOAENIAMU TEXHONOMMYeCKUX NpoLLeccoB

8.Metozp! pa3paboTKH M HCCIe0BaHHE KOHCTPYKIIHI M KOPIIyCOB HPHOOPOB
TBEPJOTEIHHON HIICKTPOHUKHA U MHKPOCHCTEMHOM TEXHUKH.

CamocTosiTeflbHas pa6oTa




9.3HaTh BOIIPOCHI 00ecIIedeHHs 0€30TIacHbIX YCIOBHH TPYy/a ¢ HCIIOIb30BaHAEM
000pyI0BaHUS ¥ TEXHOJIOTHH HOIydeHHs IPHOOPOB TBEPAOTEILHOM HIEKTPOHUKH,
PaJHOIeKTPOHHEIX KOMIIOHEHTOB, M3JeNUil MHUKPO- ¥ HAHODIEKTPOHHUKH,
mprOOpOB Ha KBAHTOBBIX 3((deKTax, BKIIOUAs ONTOIICKTPOHHBIE HPHOOPHI U
npeobpaszoBaresid pH3MIECKUX BEIMINH (CEHCOPHI).

CamocTosiTenbHas paboTa

10.3HaTh YKOJIOTHYECKHE aCIIEKThI HCIOIb30BaHHS TEXHOJIOT HH
MHWK-POJJIEKTPOHUKH U TBEPAOTEIbHBIX HpI/I60p0B.

CamocTosiTeNlbHas pa6oTa

11.HccnenoBanuss ¥ MOJEIHMPOBAHHS [IPHUOOPOB TBEPIOTEIBHOHN 31I€KTPOHUKH
YUHUTHIBAST PEXKUMBI TEXHOIOTHHA MUKPOAIIEKTPOHUKH U TBEPJIOTEIbHBIX TIPHOOPOB,
BKJIOYAsi BOIPOCHI KadecTBa, JOJITOBEU-HOCTH, HAJE)KHOCTH M CTOMKOCTH K
BHEITHAM BO3/CHCTBYIOIAM (paKTopaM, a TaKyKe BOIPOCHI dPPEKTHBHOTO
IpPHAMEHCHHSL.

CamocTosiTenbHas paboTa

3. CofiepykaHue 1 CTPYKTypa yuebHol ANCUMUNINHDI

Tabnuua 3.1
CcbInKM Ha
Tembl A/19 CAMOCTOATESTbHOT AKTUBHbI
embl 4 th::l qzamoﬂ e/IbHOro e qai Yacbl | pesynbTarbl Yye6Has AesTeNbHOCTb
Yy PMBbI, ' 0byueHus
CemecTp: 5

AnpakTuyeckasn eguHmua: TeXHONOrUst 1 060pyAoBaHMe MOEKYISPHO-NYYeBO anuTakcumnm (MJ13)

1. TexHonorus n obopynosaHue
MOJIEKYIIPHO-NYY€BOI 3NUTaKCUMIM
(MN3). KoHCTpyKL K

3 dy3nOHHBIX Aveek. MexaHn3Mbl
pocta MJ13-nneHoK:
Bonwmepa-Bebepa;
CrtpaHckn-KpactaHoBa; ®paHka
BaH fep Mepse. KoHTposb pocTa

M/3-nneHok. MeTtog 4B62. 0 14 1,2,3,4 CamocToATe/lbHaa paboTa

MpumeHeHne MJ13 ans nonyyeHus
KBAHTOBbIX TOYEK, TPAH3UCTOPOB C
BbICOKOi MOABMXXHOCTbHO
3N1ekTpoHoB (TBI13),
BbICOKOTEMMEPAaTYPHbIX
CBEPXMNPOBOAHWNKOB U CTPYKTYP C
TMraHTCKUM
MarHUTOCOMNPOTUB/IEHNEM

AvpakTnyeckas eaMHULA: VIOHHO-NPOeKLUMOHHAA MTorpagus.

2. 'OHHO-NpOoeKLMOoHHasA
nutorpadus. MoHsATYE 0 "MArkoin"
nutorpadmmn. MMKpoKOHTaKTHas 1
HaHOKOHTaKTHas nntorpagus.
MwkposoHgosad AFM

-nmTorpagus ¢ nc-nosb3oBaHMeM 0 20 4,6,7 camocTonTe/lbHasA paboTa

camoopraHusytoulerocs cnos. (Dip
pen li-thography). MHorosoHaoBas
AFM-nutorpadusa (Milliped
lithography). KsaHToBas
(8BYXthoTOHHAA) NMTOrpagus.

AvpakTnyeckas eiMHULA: AHU3OTPOMHOE TPaB/eHe KPeMHUS




3. AHM30TPONHOE TpaB/eHne
KpeMHMS. AHU30TPOMHbIE
TpaBUTENN /11 KPEMHMS.
Oco6eHHOCTY TpaBneHus
nnoc-kocteli (100), (110) n (111).
OC06EHHOCTM TPaBNEHUS BHELLHMX
1 BHYTPEHHMX YIN0B. 3aBUCMMOCTb
CKOPOCTV TPaBNeHMs 0T
KOHL,eHTpaLum npumecu B
NOAN0XKKE ¥ TeM-nepaTypbl
TpaBuTens. CTon-TpaB/eHue.
Mcnonb3o-BaHWe aHW30TPOMHOIO
TpaBNeHWs MpuW CO3AaHNM
MWUKPOCUCTEM.

0 20 11, 3,4,6,9 |cacocTosaTesbHaa paboTta

AnpakTnyeckasn egnHnua: PeakTMBHOe MOHHOE TpasneHue (PUT) n rny6okoe peak-TMBHOE MOHHOE
TpaBneHue (FPUT).

4. . PeakT/BHOE NOHHOE TpaBneHue
(PAT) n rnybokoe peak-TMBHOE
NoHHoe Tpaenexne (FPAT).
O6opyanoBaHune PUT n FPUT -
TEXHO/IOMMIA. BbICOKOYACTOTHaA
[mogHasa cuctema gna PUT.
MexaHu3mbl aHu3oTponun PUT.
MpenmyLLecT-Ba U HeJOCTATKU
PUT n F'PAT. TpasneHne
LNOKCULA KPEMHUSA, HATpUZA
KpemMHWs, MONMKPUCTANININYECKOTO
KpemHWs, CUNULNA0B TYronaaBkux
MEeTa/I/I0B U a/IIOMU-HUS.
MuKpOMexaHNYeCcKme CUCTEMBI,
nonyyeHHole no MPUT -
TEXHO/OTUW.

0 15 1,2,5,6,7 |camocTosiTeNbHasa paboTta

AvpakTnyeckas eaMHuLa: Matepuasbl UHTErPasibHOM 31EKTPOHUKN

5. Matepuanbl UHTErpanbHO
3NEeKTPOHWKK. MaTepuansl ans
MMUKPOMEXaHUYECKMX 1
MUKPOMNTUYECKMX YCTPOWCTB.
CsoiicTBa 1 inmsmyeckune
napameTpbl NONYNPOBOAHNKOBBIX,
LAN3NIEKTPUYECKNX, MPOBOSALLMX U 0 15 10, 4,5, 6,8 |camocToaTesbHas paboTa
MOJSIMMEPHbIX MaTepuanos,
NCNO/b3YeMbIX B TBEPAOTE/IbHOM
3NEKTPOHMKE N MUKPOCUCTEMHOM
TexHUKe. KpemMHWIA - OCHOBHOIA
mare-puasi MUKPOCUCTEMHOW
TEXHUKMN.

AnpakTudeckas eamHuLa: JIMTorpaguyecke NpoLEeccbl HOBOTO MNOKOEHNS




6. JInTorpaduyeckme npouecchl
HOBOTO NOKOJIEHNA:
3KC-TpeMasibHasd YO,
3/1EKTPOHHO-Ny4eBas,
PEHTreHOBCKas, NOHHO-/Ty4eBas
nutorpagus. dNeKTPOHO- U
PEHTreHOPe3NCTbl. Y CTPONCTBO
3/1EKTPOHHO-Ny4eBOro
CKaHMPYIOLLIEr0 MUKPOCKOMA. 0
VICTOYHWKYM 3NeKTPOHOB.
lNpoeKunoHHas
3/1EKTPOHHO-NyYeBas nuTorpagus ¢
Yr/10BbIM OrpaHUYeHnem
paccesHHbIX 3/1eKTPOHOB
(SCALPEL). CHXpOTPOHHOE
n3/y4yeHne, PeHTreHOBCKMe

LLAO/OHbI.

15

11,6,8,9

CaMOCTOATENbHAA pa60Ta

Ovpaktunyeckasa eguHuua: CVD-npoueccebl

7. .CVD-npouecchl.
DU3NKO-XMMUYECKINE NPOLLECCHI B
CVD-peaktopax. KoOHCTpYKUun
CVD-peakTopoB. OCO6eHHOCTY
MOKPbLITUA CTYMEHEK.
PasHosugHoctn CVD-npoLeccos:
TCVD, APCVD, LPCVD,
VLPCVD, PECVD,
Photon-assisted CVD,
Laser-assisted CVD, MOCVD

15

3,56

camocToATeNbHaA pa60Ta

AvpakTnyeckasi eaMHuLa: 30/b-reflb METOA O

CaxXKaeHA NJIEHOK

8. 30/1b-renb MeTof OCaXKaeHNS
nseHoK. TexHonorus
3M1EKTPOXUMUYECKOrO OcaXeHNs
nyeHoK. TexHonorus
MUKpO-npeccoBaHus. LIGA-

15

1,3,4,9

caMocCToATENbHAA pa60Ta

rnpouecc.
4. CamocToaTeNbHas paboTta oby4atroLerocs
Ccbinkun Ha
o Yacbl Ha Yackl Ha
Ne Buabl caMoCTOoATe/IbHOM paboThl pe3ynbTaThbl
BbIMONIHEHWE [KOHCY/IbTauuun
06y4eHus
CemecTp: 5
1,10, 11, 2, 3,
1 | AononHuTenbHasn yuebHas fesTeNbHOCTb 456789 32 4

: banuk A. . SnemeHTHas 6a3a 3N1eKTPOHMKN. 3afa4HuK : yuebHO-MeToAnYecKoe nocobue / A. [. banuk,
A. B. KameHckast ; HoBocmb. roc. TexH. yH-T. - HoBocnoupck, 2016. - 44, [3] c. : un., Tabn.. - Pexum
poctyna: http://elibrary.nstu.ru/source?bib_id=vtls000232419

2 |MoaroToBKa K aTTecTauum

1,10, 11, 3, 5,
6,7,8,9

30

15

: banuk A. [I. 9neMeHTHas 6a3a 3NeKTPOHNKN. 3aauHnK : yuebHO-MeToamnYeckoe nocobue / A. [. banuk,
A. B. KameHckast ; HoBocm6. roc. TexH. yH-T. - HoBocnoumpck, 2016. - 44, [3] c. : un., Tabn.. - Pexum
poctyna: http://elibrary.nstu.ru/source?bib_id=vtls000232419

3

CamocToATe/IbHOE M3YYeHVe TEOPETUYECKOTO
Martepuana

1,10, 11, 2, 3,
4,56,7,8,9

133

4

CTyfeHT n3y4yaeT TeMbl, NpuBefeHHble B Tabnuue 3.1 @ banuk A. [I. neMeHTHas 6a3a 3N1eKTPOHNUKW.

3afavHuK : yuebHo-meToamMYeckoe nocobme / A. . banuk, A. B. KameHckas ; HoBocKb. roc. TexH. yH-T. -
Hosocunbupck, 2016. - 44, [3] c. : un., Tabn.. - Pexxum goctyna:
http://elibrary.nstu.ru/source?bib_id=vtls000232419




5. TexHonorus obyyeHms

[N opraH13aLum 1 KOHTPO/ISt CaMOCTONTeIbHOM PaboThbl 06YYatOLLIMXCA, @ TaKXKe NPOBeAeHUs
KOHCY/NbTaLWiA NPUMEHSIIOTCS MH(OPMALIMOHHO-KOMMYHUKALIMOHHbIE TexHonorum (taén. 5.1).

Tabnuua 5.1
JeAatenbHoCTb MHdopmMaLMOHHO-KOMMYHUKALMOHHbIE TEXHOI0M NN
VHopmuposaHue e-mail; JInyHbIn TUNoBon cant; A6C
KoHcynbTnpoBaHue e-mail; JInyHbIi TMNOBON canT; ObC
KoHTposib e-mail; JTnyHbIii TUNOBOW canT; A6C
Pa3mMeLLeHme yYebHbIX o .
MaTep#aJ'IOB y JInyHbI TUNOBOM canT; CoumanbHble cetn; SB6C

6. Jlutepatypa

OcHoBHas mTepaTypa
1. CropaBounuk Inpunrepa no vanorexuonorusm. (B 3 1.). T. 1 / Denep. roc. yupexxacHue
Hayu.-mpouss. kommieke "Texnomorndeckunii eHTP" MoOCK. TOC. WH-Ta 3JIEKTPOH. TEXHHUKH ; IO
pen. b. bxymana ; mep. ¢ aarn. mox oom. pea. A. C. Cayposa. - M., 2010. - 862 c. : i, Tabm.
2. Copasounuk lInpunrepa nmo mHanorexuosnorusm. (B 3 1.). T. 2 / @enep. roc. yupexacHue
Hayu.-mpouss. kommieke "Texnomorndeckunii eHTP" MoOCK. TOC. WH-Ta 3JIEKTPOH. TEXHHUKH ; IO
pen. b. bxymana ; niep. ¢ aara. mox oom. pex. A. C. Cayposa. - M., 2010. - 1039 c. : m., TaGm.
3. Copasounnk [Inpunarepa mo svanorexunomorusm. (B 3 1.). T. 3 / @exnep. roc. yupexacHue
Hayu.-mpouss. kommieke "Texnomorndeckunii eHTP" MoOCK. TOC. WH-Ta 3JIEKTPOH. TEXHHUKH ; IO
pen. b. bxymana ; mep. ¢ aara. mox o6m. pea. A. C. Cayposa. - M., 2010. - 831 c. : mm.
4. Maluf N. An introduction to microelectromechanical systems engineering / Nadim Maluf, Kirt
Williams. - Boston, 2004. - xx, 283 p. :ill.. - [Tep. 3ara.: Bueapenue MUKPO3IEKTPOMEX AaHUYCCKUAX
CHCTEM.
5. lparynos B. I1. OcHOBBI HAHOITIEKTPOHUKH : yueOHOE TT0cOOne A By30B 110 HAIPABICHUIO
"DIEeKTPOHUKA U MUKPOIJICKTPOHHUKA", CICIHANTBHOCTAM "MUKPOIIIEKTPOHUKA U TBEPAOTEIbHAS
anexktponuka" u "Mukpocucremuas texauka" / B. I1. [lparynos, U. I'. HenssectHsiii, B. A.
I'puaumn. - M., 2006. - 494 c. : un.

6. bapeiOua A. A. DIEeKTPOHUKA W MUKPOIICKTPOHUKA (DU3UKO-TEXHOIOTHUECKHE OCHOBEI
yuebHoe mocobue A By30B 1o HanpasiaeHusM 550700 u 654100 "Dnexrponuka u
mMukpoanekTporuka” / A. A. Bapeious. - M., 2006. - 423 c. : n.

7. Dxexcon P. I'. Hoseittme natuuku / P. I'. [I>xekcon ; mep. ¢ anri. B. B. Jlyaununa. - M., 2007. -
380 c. : um.

8. [Tyn Y. HanoTtexuomnoruu : yueOGHOE 1MocoOue 1Mo HampaBIeHUIO TOAroToBKU "HanoTexHomorun"
/Y. Myn-ma., ®@. OysHc ; nep. ¢ aura. mozg pex. 0. U. Tonosuna ; non. B. B. Jlyunnnna. - M.,
2006. - 334 c. : un.

9. Iparynos B. I1. ®usuka tBepaoro tena. OCHOBBI HAHOSJICKTPOHUKH (KBAHTOBBIC MPOBOIHUKHU U
yraepoaHbie HAHOTPYOKH) : yueOHoe mocodwue / B. I1. JIparynos ; HoBocu6. roc. TexH. yH-T. -
Hoocubnpck, 2007. - 106, [2] c. : wn., Tabm.. - Pexxnm nocryma:
http://elibrary.nstu.ru/source?bib_id=vtls000074043. - UunoBamonHast 00pa3oBarebHast
nporpamma HI'TY "Bricokue Texnonmorun".

10. Measener A. M. COopka U MOHTaK 3JICKTPOHHBIX yCTpoicTB / A. Measenes. - M., 2007. - 255
C. : M., TaOm.

[ononHnTenbHas nuTepaTypa

1. Jlyuunun B. B. Beenenue B uaayctpuro Hanocuctem / B. B. Jlyunnun // Hano- u
MHUKpPOCUCTeMHas TexHuka. - 2007. - Ne 8. - C. 2 - 7..




2. Texunonorust CBUC. B 2 xn.. Ku. 1/ [Tupe K. [u ap.] ; mox pen. C. 3u ; mep. ¢ anra. B. M.
3BeposoBnieBa [u ap.]. - M., 1986. - 404 c. : un., Tabm.

3. Texuomnorust CBUC. B 2 ku.. Ku. 2 / [Tupc K., Amamc A., Ka JI. u ap. ; mox pen. Yucrtaxosa FO.
H.-M., 1986. -453 c. : un.

4. Crenanenko WM. I1. OCHOBBI MUKPO3JICKTPOHUKH : [yueOHOe mocobue s By3os] / W. I1.
Cremanenko. - Mocksa, 2003. - 488 c. : u.

5. MoaenupoBaH#e MOIYITPOBOIHUKOBBIX IPHOOPOB M TEXHOJIOTHYECKUX TporieccoB : [locnenaue
noctkenns / mox pen. . Mumnepa; niep. ¢ aara. M. C. O6pexra, mox pen. I'. B. lagusixa. - M.,
1989.-277,[1] c.

6. [TaceiakoB B. B. [TomynpoBoaaukoBbIC PUOOpPH | yueOHUK 1ist By30B / B. B. [Taceakos, JI. K.
Yupkun. - CII6., 2002. - 479 c. : nn.

NHTepHeT-pecypcsl
1. OBC HI'TY : http://elibrary.nstu.ru/

2. OBC «M3nmatensctBo Jlawby : https://e.lanbook.com/
3. DBC IPRbooks : http://www.iprbookshop.ru/
4. OBC "Znanium.com" : http://znanium.com/

7. MeToau4eckoe 1 NporpaMMHoe obecrneveHme

7.1 MeToamyeckoe obecreyeHme

1. bsamuk A. JI. DnemenTHas 0a3a 37CKTPOHUKA. 3aJaYHHK . yaeOHO-METOAMYECKOe mocodme / A.
. banuk, A. B. Kamenckas ; HoBocu0. roc. TexH. yH-T. - HoBocubupck, 2016. - 44, [3] c. : um.,
tabi.. - Peskum moctyma: http://elibrary.nstu.ru/source?bib _id=vtls000232419

7.2 CneunannsnpoBaHHOe NporpaMmMHoe obecneyeHue
1 Office
2 Windows

8. MaTepuasibHO-TeXHMUYeCcKoe obecreyveHue

CneupnanbHoe 060py10BaHIe

Ne HanmeHoBaHue HasHa4yeHune
1 |AnnapaTtHo- nporpammHbIi Komnnekc Nicolet|Acnonb3yeTcs ais nabopaTopHbIX
6700 nccneoBaHuin
2 |YcraHoBka MJ13 "AHIAPA" Vcnonb3yetcs ans nabopaTopHbIX
nccne0BaHUn
3 |30HA0BbI MUKPOCKON A/19 NPOBeAeHUA Kcnonb3yeTcs ans nabopaTopHbIX
MccnefoBaHUin B 061aCTV HAHOTEXHONOIMIN  [UCCNe0BaHNM
4 |Mupometp C-20,3-18...+1250C(1500C) Vcnonbayetcs ans nabopaTopHbIX
1ccref0BaHnin
5 [SNNUNCOMETP Vcnonb3ayetcs ans nabopaTopHbIX
nccne0BaHUn




Pabouas nporpamma AUCLMNINHGI

MpunoxeHue 4

TexHonornsa nprubopoB MUKPOCUCTEMHON TEXHNKN

1. BHewHWe TpeboBaHUs

Tabnuua 1.1

Komnemenyus HI'TY: IIK.2.B roTOBHOCTBIO K IPHMEHEHHIO CTATHCTAYECKAX METO/I0OB B PAIHOIOKAIIHOHHBIX
4 PAJIHOHABHI ALMOHHBIX CHCTEMAX; & YACMU C/1e0VIOU{UX Pe3YIbmMAMOoe 00yUeHUs:

31. 3HaTb KNaccuyeckme TeXHOMOTMYEeCKUe NPoLLeCChbl M3roTOBNEHNUA UHTErpasibHbIX MUKPOCXEM Y

MWUKPOCUCTEMHO TEXHUKU

yl. yMeTb N0/b30BaTLCA YNCEHHBLIMY MOAENSAMU TEXHO/IOMMYECKUX NPOLLECCOB

2. TpeboBaHua HI'TY K pesynbTaTam 0CBOEHUS AUCUMUM/INHBI

Tabnuua 2.1

Pe3ynbTaTbl M3yYeHNs AUCLMMNIIVHBI MO YPOBHSAM 0CBOEHUSI (UMETb
npeacTaB/ieHWe, 3HaTb, YMeTb, BNafeTh)

dopMbl opraHmMzaLmnm
3aHATUINA

[ncumnnmHa no BbIGOPY acnupaHTa

MK.2.B.31 3HaTb Knaccu4yeckue TeEXHONOrM4yecKune NpoLeccbl M3roToOB/EHNA NHTErPasibHbIX

MUWKPOCXEM U MMKpOCMCTeMHOVI TEXHUKUA

1.0 TeHmeHIHIX PasBUTHA KOMIIOHECHT MHKPOCHCTEM, HCIIOJIB3YIOIHUX TEX-HOJIOI'HIO
MHUKPO3TICKTPOHUKHU. O IUIaCCH@HKaIH/H/I MHKPOCHCTEM, CCHCOPOB H aKTIOATOPOB 110
CBOHCTBaM U TEXHUYCCKOMY Ha3HA4YCHHUIO.

CamocTosTenbHan paboTa

2.0 HOBeHIIHX METO/ZIaX MOIYUCHHUS, SKCIIEPUMEHTAIIBHOTO UCCIICIOBaHUA U
XapakTepusaluid MUKPOCHUCTEM, CEHCOPOB U aKTHOATOPOB. O B3aHMOCBSI3H
MI/IKPOCHCTGMHOI‘/'I TEXHHUKH CO CXEMOTCXHHYCCKUMHU U TCEXHOJTOTHYCCKUMHA
JOCTHIKCHUSAMH MHKPOSJICKTPOHUKH

CamocTosTenbHan paboTa

3.0 HoBeHIIINX HAIIPaBICHUAX TEXHOJIOTHH MUKPOCHCTEMHON TeXHUKH

CamocTosiTenlbHas paboTa

4 TloaaTHHBII amnrmapaTt (TepMHHOIIOFH[O) ITHCIUILTAHBL. DU3HKO-TEXHOJIOTHIECKHE
NPUHIHAIIBI CO3IaHUA U pa60TI)I CCHCOPOB MEXaHUYECKUX, TCIINIOBBIX, MAarHUTHBIX,
XUMHYCCKHUX U pa/IAAITAOHHBIX BEJIUYHUH

CamocTosiTenbHas paboTa

5. Ou3rgeckyro, XUMUKO-(PH3HIECKYI0 H TEXHOJIOTHYECKYIO CYITHOCTH IIPOIIECCOB,
IPOTEKAIONINX IPH H3TOTOBICHAH MHKPOCHCTEM. BIIHsIHHE TEXHOJIOTHH
M3TOTOBIIEHHS HA CBOMCTBA M MMapaMeTPhl pa3IHYHBIX TPYIII MUKPOCHCTEM,
CEHCOPOB U aKTIOATOPOB.

CamocTosTenbHas paboTa

6.CBSI3p TEXHOJIOTHH H3TOTOBJICHHS B OCHOBHBIX METPOJIOTHYCCKHUEC
XapaKTepUCTHUKH BaKHEUIITUX THUIIOB MHUKPOCHUCTEM, CEHCOPOB U aKTHOATOPOB.

CamocTosTenbHas paboTa

7 Ilponeccsl cOOPKH MUKPOCHCTEM; IIPOU3BOACTBEHHYIO THTHEHY : YHCTOTY
Matepranos u nomernienuit; ECT/] u e€ npuMeHeHMe; CHCTEMHBIH MOAXO0 K
yHpaBIeHHIO KaueCTBOM IIPOIYKIIUH; SKCILTyaTalHIO ¥ CEPBHCHOE 00CITyKHMBaHHe
TEXHOJIOTHIECKOr0o 000py10BaHHU.

CamocTosiTenbHas pabota

8.B516Hpa1‘5 HNPAKTHYCCKHC BapHaHThl TCXHOJIIOTHH U3TOTOBJICHHUS MUKPOCHCTEM,
CEHCOPOB H aKTIOATOPOB I PEUICHUS MHXXCHCPHBIX 3a/1a9. Hcnons3oBaTh
BI)I6HpaTB IIPAKTHYCCKHUC BapUaHThl TCXHOJIOTHH U3T0TOBJIICHHUS MHUKPOCHCTEM,
CCHCOPOB M aKTI0ATOPOB JJIs1 PEIIICHU HHXXCHECPHBIX 3a/1a4. Hcnonn30BaTh OCHOBBI
q)HSI/IKI/I, XUMHH U TCOPHH TBCPJAOT0 Tella I IIOCTAHOBKH W PCIICHUS 3a/1a4
OIMHMCAaHHUS TEXHOJIOTHIECKHX ITPOLECCOB L H3TOTOBICHUS

MHKPOCHCTEM, CEHCOPOB U aKTHAaTOPOB

CamocTosiTenbHas pabota

9.BeiiBuTaTh B IIPOBEPATH THIIOTE3EL, N€IaTh 000CHOBAHHBIH BLI6OP METOJ0B
HU3TOTOBIICHUS M MCCIIEOBAHUS CBOMCTB MHUKPOCHCTEM, CEHCOPOB U aKTIOATOPOB.
Hcnoap30BaTh TEXHOIOTHUYECKHE MIPpHUEMBI YIIyqIIICHUS TTAapaMETPOB MHKPOCHCTEM,
CEHCOPOB U aKTIOATOPOB C H306XOZ[PIMLTM'I/I METPOJIOTHICCKHUMHA XapaKTEePUCTUKAaMH

CamocTosTenbHas paboTa

10.Coopxu MHKpocucTEM; pabOThL B 1a00PaTOPHBIX U MPOU3BOICTBEHHBIX
YCIIOBHSIX; K CHCTEMHOMY IIOJXO/Y I10 yIIPABICHUIO Ka9e€CTBOM TPOIYK-IHH;
SKCILTyaTalli! M CEPBUCHOMY 00CITy)KUBAaHHE TEXHOJIOTHIECKOTO 000py0BaHHAS.

CamocTosTesnbHas paboTa




MK.2.B.yl ymeTb No/sib30BaTbCA YMCNEHHLIMW MOAENIAMU TEXHONOMMYeCKUX NpoLLeccoB

11.IlpoexTHpOBaHUS TEXHOJIOTHUH HJIEMEHTHON 0a3bl MHKPOAJICKTPOHUKH,
MHKPOCHCTEM, CEHCOPOB U aKTI0ATOPOB.

CamocTosiTeflbHas pa6oTa

12 Metomsr MINPOCKTHPOBAHUA TEXHOJIOIHH MHUKPOCHCTEM, CEHCOPOB U aKTIOATOPOB.

CamocTosTeNlbHas paboTa

13 .IIpoBOoANTE CKBO3HOE KOHCTPYKTOPCKO-TEXHOTIOTHYECKOE IPOSKTHPOBaHHE
UHTEIIEKTyallbHBIX MUKPOCHCTEM, CEHCOPOB M aKTIOATOPOB.

CamocTosiTenbHas paboTa

14.OcHoBHEIE XapaKTCPHCTHKH CCHCOPOB U TCXHOJIIOI'HYCCKHE MECTOIBI UX
m3roToBIeHUA. OCHOBHBIC TEXHOJIOTHIECKHE (baKTOpI)I, BIIUSIIONIHAEC Ha ITapaMeETPhI
MHKPOCHCTCM H TCXHOJOI'HYCCKHUEC IIPHUCMBbI, YIYJIIalOIHe CBOMCTBA MHKPOCHCTCM.

CamocTosiTenbHas paboTa

15.0OcHoBHBIE q)H?HI(O-XHMPI‘JeCKHe SABJICHUS, UCIIONIB3YEMBIE JUUIS CO3IaHUs
3JIEMCHTOB MHKPOCHCTEM.

CamocTosiTenbHas paboTa

16.IIpoeKkTHpPOBATH TEXHOIOTHIO MAKPOCHCTEM, CEHCOPOB H AKTIOATOPOB C YIETOM
ocobeHHOCTEH TpedyeMBbIX BHIXOJHBIX BeIHYHH. VICTI0Ib30BaTh CIIPaBOYHBIH
MaTepHual o pa3paboTke TeXHOJIOTHH BHIOPAHHBIX MIIH TPeOYeMbIX CeHCOPOB H
aKTIOATOPOB ULl KOHKPETHBIX MHKPOCHCTEM.

CamocTonaTenbHasa paboTa

17.06 0CHOBHBIX 5KCILTyaTallHOHHBIX XapAKTEPHCTAKAX MHKPOCHCTEM, CEHCOPOB H
aKTI0OATOPOB IIPH MCII0JIF30BAHUA MX B COBPEMEHHOM AIIEKTPOHHOI armapatype. O
TeHICHIIUAX Pa3BUTHS MHPOBOT'O PHIHKA CEHCOPOB, aKTIOATOPOB U COBPEMEHHBIX
MHKPOCHCTEM

CamocTonaTenbHasa paboTa

18.Merozs! pacyeTa TEXHOJIOTHIECKHUX PEKHUMOB M3T'OTOBJICHUS JIEMEHTHOH 0asbl
MUKPOIEKTPOHUKH U MUKPOCHCTEM.

CamocTosaTefibHasa paboTa

3. CopepxaHue 1 CTPYKTypa yu4ebHOM AUCUNNINHBI

Tabnuua 3.1
TeMbl [i/11 CAMOCTOATE/IbHOTO | AKTUBHBbIe CCbinky Ha
n3vyeHusa hopMbl, uac Yacbl | pesynbTaThl YyebHas AesaTeNbHOCTb
Y L 06yyeHus
CemecTtp: 5

AvpakTnyeckas egMHuLa: BeegeHne. MMKpoCUCTEMHAsi TEXHMKA - HOBOE TEXHMYECKOE HanpaB/ieHne

1. BeegeHne. MmnkpocuctTeMHas
TEXHWKa - HOBOE TEXHUYECKoe
HanpasneHue. ictopusa 1
OCHOBHble 3Tanbl pa3suTns. CBAsb
C MVUKPO3/1EKTPOHUKOMN N OCHOBHbIE
0CO6EHHOCTN MUKPOCUCTEM-HO
TEXHUKN. DNEeMEHTbI 1
KOMIMOHEHTbI MUKPOCUCTEMHOW
TeXHuKn. MOMC, HOMC,
M30OMC, H20OMC, ceHcopbl 1
aKTaTopbl: 061acT NPUMEHEHNS
N TeHAEHLMWN pasBUTKA.
Knaccugmkaums ceHCopos.
DU3NKO-XMMUYECKNE NPUHLMNbI
[eNCTBUA CEHCOPHbIX CUCTEM.
Mpumepsl.

0 4 1,2,4 CaMOCTOATE/NIbHOE U3YYEHME

AnpakTudeckas eamHmua: Matepuanbl UHTErpasibHO 3N1eKTPOHUKM.




2. Matepuvasbl MHTEerpanbHOM
3NEKTPOHNKK. MaTepunansl ans
MWK-POMEXAHNYECKMX U
MWKPOMTUYECKMX YCTPOICTB.
CaoiicTBa 1 mnyeckmne
napameTpbl NONYNPOBOAHUKOBBIX,
AVANEKTPUYECKNMX, MPOBOAALLMX 1
NONMMEPHbIX MaTepuanos,
MCMNO/Mb3YeMbIX B MUKPOCUCTEMHOM
TeXHUKe. KpeMHWiA - OCHOBHOIA
marepuan MMKPOCUCTEMHO
TexHUKn. CBOICTBA U
TEXHO/OMMYecKme 0CO6EHHOCTM
KpEMHUS.

2,3,4

CaMOCTOATENTbHOE N3y4YeHne

AnpakTudeckas eamHuua: MonyyeHne MeTanIyprmyeckoro v KpeMHUS.

3. MNonyyeHne MeTanlypruyeckoro
N KpemHus. MNonyyeHve
3NIEKTPOHHOTO KpemHusa. MeToz
Yoxpanbckoro 1 b3I1. TexHonoruns
NOYyYeHNs KPEMHMEBbIX NAACTUH.
Knaccuimkaums v napameTpsbl
KPeMHMEBbLIX NacTUH. KOHTposb
napaMeTpoB KPeMHWEBbLIX NIACTUH.

CaMOCTOATENTbHOE N3y4YeHNEe

AnpakTnyeckasa eguHuua: TexHonornyeckune pasHOBMAHOCTW BblpalnBaHUA aNNTaKCNaJIbHbIX

CJ/10€B.

4. TexHonornyeckume
Pa3HOBUAHOCTM BblpalyyBaHus
anuTaKcnanbHbIX C/I0EB.
Ma3o-thasHas v XnaKo-gasHas
anuTakcus. BobipalumsaHme
aNMTaKCHanbHbIX CMI0EB KPEMHUA
13 rasoBoii (hasbl. Mpo-Leccol B
NpUrpaHNYHOM C/10e KPeMHWEBOIA
NNacTVHbI B peakTo-pe.
XMUYeckas KMHeTuKa pocra
ANUTaKCUaIbHbIX NJIEHOK KPEMHUA

11,15,7

CaMOCTOATENTbHOE N3YyYeHNe

AnpakTnyeckasa eguHuLA: ﬂerI/IDOBaHI/Ie M aBTOM1IErMpoBaHNeE ANMTaKCUas/IbHbIX NMNEHOK KPEMHUA.

5. JlernpoBaHue 1
aBTO/ErMpoBaHMe annTaKCcUabHbIX
N/IEHOK KPEMHUS.
TexHonornyeckoe 060pya0BaHe
anuTaKcuanbHOro pocTa. Boibop
ONTUMAaSIbHON TEXHOOTUN.
AnutakcuasbHble fedeKTbl.

10

15,6

CaMOCTOATENTbHOE N3YyYeHNe

AvpakTnyeckas egmHuLA: TeXHOIOrUst 1 060pyA0BaHMEe MOMEKYIAPHO-/Ty4eBOl aNUTaKCMnn

(M/13).




6. TexHonoruns n 06opyaoBaHue
MOJIEKYNSPHO-NYYeBO
anuTaken-um (MN3).
KOHCTpYKUMM 3(h(py3UOHHbIX
A4eek. MexaHn3Mbl pocTa
MJ13-nneHok: BonmMepa-Bebepa;
CrtpaHckn-KpactaHoBa; ®paHka
BaH fep Mepse. KoHTposb pocTa
MN3-nneHok. Metoa B3.
MpumeHeHne MJ13 ans nonyyeHus
KBAHTOBbIX TOYeK, TPAH3UCTOPOB C
BbICOKO MOABMXHOCTHHO
3N1eKTpoHoB (TBIM3),
BbICOKOTEMMEPATYPHbIX
CBEPXNPOBOAHWNKOB U CTPYKTYP C
TM-raHTCKUM
MarH1TOCOMpPOTUB/IEHVEM

56,8

CaMOCTOATENIbHOE N3yHEHNE

AnpakTnyeckaa eguHuua: Tepmu

YECKO€E OKNC/TIEHNE KPEMHUA.

7. TepMmnYyecKoe OKuCneHue
KpeMHUs. ®PU3NKO-XUMUYECKME
CBON-CTBA U CTPYKTYypa N/IeHOK
LNOKCUAA KPeMHUA.
TexHonornye-ckue pexkumol u
060pyA0BaHMe TePMUYECKOTO
OKMCNEHNA KpeM-HUA. BbicTpoe
TEPMUYECKOE OKUC/IEHNE KPeMHUS.
MexaHun3m pocTa TepMUYEeCKOro
okucna. Mogenb Aunna-I"poysa
pocTa Tep-MWYECKOro OKucna.
OCO06EHHOCTM OKMCNIEHUS B CYXOM
1 BNaXk-HOM KWC/OpOoZe, U B napax
BOJbI.

15,3,5,6

CaMoCToATENNIbHOE N3y4eEHNE

AnpakTudeckas eamHuua: Cerperaumvs npumMeceli Ha

rpaHuue pasgena SiO2/Si.

8. Cerperauus npmmecei Ha
rpaHuue pasgena SiO2/Si.
OCO6EHHO-CTM POCTa OKMUCHBIX
MNEHOK Ha BHELUHMX 1 BHYTPEHHUX
yrnax CTyneHbKW Ha KPeMHWEBOM
noanoxke. LOCOS-TexHonorus.
TexHonormsa TepMmMYeckoro
OKWC/IeHNs TNy6OKMX 1
Herny60KnX N30InpyoLLmx
KaHaBOK. MeTo/bl onpeseneHuns
TO/LLMHbBI OKMUC-HOMN MIEHKM.

15,9

CaMOCTOATENbHOE N3y4EHNE

AnaakTudeckas eamHMLa: VIoHHas UMnaHTaums npyYMecei B NMosyrnpoBOAHUKNA.




9. VMloHHas nmnnaHTaums
npYIMeceit B MONYNPOBOAHUKMA.
O6opy-foBaHWe A4ns NPoBeAeHNSs
npouecca NOHHOW UMMaHTauuu.
MpenmyLLEeCcTBa U HELOCTATKM
MOHHOIN nMnnaHTaumn. Pacyet
pacnpefeneHns BHefpeHHbIX
NOHOB. MapameTpsl,
Xapakrepu-3yroLime 0 8 56
pacnpefeneHve BHeApeHHbIX
MOHOB: NPOoeLMpoBaHHasa 4/1nHa
npobera, NPoeLMpoOBaHHOE U
GOKOBOE paccesHue.
Mpu-6nmxeHve MupcoHa ans
pacuyeTa npodunnein nermpoBaHus.
Oco-6eHHOCTKM pacnpefeneHns Sh,
As, P, B B KpeMHUN.

CaMOCTOATENIbHOE N3yHEHNE

AnpakTnyeckasa eguHuLa: Teopust MOHHOTo TopMoXkeHus JTLLILLL.

10. Teopns MOHHOTO TOPMOXEHUA
NI, 3aBucrmMocCTb
NPOeLYPOBaHHON ANMHbI Npo6era,
NpoeLmMpoBaHHOro 1 60KOBOro
paccesHuA OT 3HepPrM NOHOB A1
B, P, As, BHegpsieMbIx B Si n SiO2.
3hheKT KaHaNMpPOoBaHS.
O6pasoBaHue pagnaLoHHbIX
Aethek-ToB. I30XPOHHLIN 1 0 8 4,5 6
N30TEPMUYECKINIA OTXKNT
pafnaumoHHbIX LedeKToB.
Anddy3nsa nmnnaHTUpoBaHHOM
NPUMECK MpY OTXKKU-Te. BbICTPbIiA
nasepHbIA 0TXXUr. Vicnonb3oBaHune
MOHHOIN MM-NNaHTaumm ansa
reTTepupoBaHmnA HeXenarte/bHbIX
npurMeceii N JetheKToB.

CaMOCTOATENTbHOE N3Yy4YeHNEe

AVpakTnyeckas eaMHULA: dnemMeHTHasn 6a3a MMKPOCUCTEMHbIX YCTPO

ncTB

11. OnemeHTHasA 6asa
MWUKPOCUCTEMHbIX YCTPONCTB:
o6rnonspHoble u
MOI-TpaH3ncTopsl. MaccrBHbIe
NHTErpa/ibHbIe 31EMEHTbI:
PesncTopbl, KOHAEHCATOPbI,
WHAYKTUBHOCTW. MprMepsbl
TEXHOJIOMMYECKON peasin3auum.
PacueTt 1 KOHCTpynpoBaHue
WHTerpaibHbIX ANDKY3NOHHBIX 1
VNMMNIAHTUPOBaHHBIX PE3VCTOPOB
PacueT 1 KOHCTPyMpOBaHUe
MUKPO3NEKTPOHHbIX

CaMOCTOATENbHOE N3y4EHNE

KOHAEHCATOPOB U VIH,EI,yKTI/IBHOCTGVI.

AunpakTunyeckasn eauHuua: dotonutorpadus.




12. ®oTonuTorpagus. Mo3nTrBHbIE
N HeraTnBHbIe (DOTOPE3NCTBI.
TexHONOrMYecKnin npoLiecc
(hoTtonmTorpaduun. BapbieHas
(hoTo-nuTorpacms.
doTonutorpaduyeckmne CUCTEMBI:
KOHTaKTHasi, C M1KP03a30poM,
MPOEKLMOHHAA 1 UX paspeLuatoLLas
Crnoco6-HOCTb. MyTn ynyuLleHns
paspeLuaroLLein cnocobHOCTA 1
KayecT-Ba Nnepesayn n3obpaxeHus.
VCTOYHMKM n3nyyeHus
1CNo/b3ye-Mble B
(hoTonmTOorpadnyecKmnx cuctTemax.
ViIMMepcnoHHas poTo-nnTorpadms.

CaMOCTOATENTbHOE N3y4YeHne

OupakTnyeckasa egmHuua: Jintorpaduyeckme

npoLieccbl HOBOFO NMOKO

NeHNA:

13. lntorpadmyeckme npouecchl
HOBOTO NOKOJ/IEHUA: 3KCTPeMa/IbHas
Y®, 3/1eKTPOHHO-/1y4eBas,
PeHTreHOBCKasl, MOHHO-/Ty4eBas
nuTorpagus. INeKTPOHOo- 1
PEHTreHOPe3NCTbI. Y CTPONCTBO
3/1EKTPOHHO-Ny4eBOro
CKaHMPYIOLLLEro MMKPOCKOMa.
VICTOUYHMKM 3N1EKTPOHOB.
lNpoeKunoHHas
3/1eKTPOHHO-NyYeBas nuTorpagus ¢
YIrNOBbIM OrpaHNYeHneM
paccesiHHbIX 3/1EKTPOHOB
(SCALPEL). CHXpOTPOHHOE
N3/y4yeHne, peHTreHOBCKMe
LWIA6/IOHbI.

CaMOCTOATENTbHOE N3YyYeHNe

OnpakTnyeckas eguHuLa: VIoHHO

-NPOEeKLMOH

Hasi nuTorpadgus.

14. VNoHHO-NPOEKLNOHHAA
nutorpadus. MoHsATKE 0 "MArkoin”
nutorpadummn. MMKpOKOHTaKTHas u
HaHOKOHTaKTHas Mtorpagus.
MukposoHgoBas AFM
-nuTorpadgus ¢ Cnonb3oBaHMEM
camoopraHusytowerocs cnos. (Dip
pen lithography). MHorosoHgoBas
AFM-nutorpagmsa (Milliped
lithography). KsaHToBas
(aByxoTOHHas) nuTorpadus.

9 11,12,9

CaMOCTOATENbHOE NU3yHEHNE

AnpaakTuyeckas eaMHMLa: BnaxkHoe TpaB/ieHUe KPEMHUS.




15. Bna>kHoe TpaB/ieHNe KPeMHUS.
MapameTpbl TPaBIeHUA U UX
3aBMCUMOCTb OT BHELLHMWX
(hakTOpOB. M130TPOMNHOE TpaBneHMe.
CocTaBbl 415 TpaBfeHUs KpeMHNs,
NPOBOAALLMX N AN3NEKTPUYECKNX
neHoK. XMMUYecKas KMHeTUKa

16, 18 CaMOCTOATE/IbHOE N3yYeHune
N30TPOMHOro TpasneHns. Kpmsble
N30TPOMHOrO TPaBNeHMS.
MpenmyLLecTBa U HeLOCTATKN
N30TPOMHOr0 TPaBIeHMS.
Vcnosib3oBaHme BaXKHOro
TpaBneHus 415 O4YNUCTKU
KPeMHVEBbIX MacTuH.
OunpakTunyeckas eamHuua: AHNM30TPOMHOE TpaB/ieHNe KPeMHUS.
16. AHM30TPOMHOE Tpas/ieHne
KpeMHM1s. AHU30TPONHbIE
TpaBuUTENU /19 KPEMHUS.
OcobeHHOCTY TpaBneHus
nnockocrei (100), (110) n (111).
OCO6eHHOCTY TPaBeHNsS BHELLHNX
N BHYTPEHHUX Yr10B. 3aBUCUMOCTb
7,8,9 CaMOCTOATENbHOE U3yYeHMe

CKOPOCTU TpaBneHus ot
KOHLIEHTpaLM NpuMecH B
MOAMOXKE 1 TEMMEPATYpbI
TpaBuTens. CTon-TpaBneHue.
MprMepbl UCMONb30BaHUS
aHM30TPOMHOro TPaBNeHUs Npu
CO3-[}aHNN MUKPOCKCTEM.

AnpakTuyeckasn eanHmLa: TEXHONOMUM CYyXOro TPaBIeHUS.

17. TexHonormm cyxoro
TpasneHus. Buapl cyxoro
TpaBneHus: raso-gasHoe,
nnia3MeHHoe, peakT1BHOE NOHHOE,
pacnblneHue. ["a3o-hasHoe
N30TPOMnHoe TpassieHne B XeF2.
MnasmeHHoe TpasseHue. Cnocobsl
co3fjaHnsa nnasmMbl. PasHOBUAHOCTH
cucTem 1 06opyLoBaHue
nia3MeHHOro TpasneHus. asbl,
MCnosb3yemMble B M1a3mMeHHOM
TpaeneHun. dusnyeckme u
XUMUYECKMNE ABMEHUA B ra30BbIX
paspsgax. 3aBMCUMOCTb CKOPOCTU
TPaBNeHWs N CENeKTUBHOCTU OT
cocTaBa rasosoii cpefbl. CosfaHue
NaccUBMPYIOLLMX NONNMEPHBIX
naeHoK. TpasfeHne NieHoK
nonMMnaa.

12,8

CaMOCTOATENbHOE N3y4YEHNE

OnpakTnyeckas eamHuua: PeakTuBHoe oHHOe TpasneHne (RIE) n rnybokoe peakTMBHOE MOHHOE

TpasneHve (DRIE).




18. PeakT/BHOE MOHHOE TPaB/ieHMe
(RIE) 1 rnybokoe peakTUBHOE
NoHHoe TpasneHue (DRIE).
O6opyanoBaHue RIE n DRIE -
TEXHO/IOMMIA. BbICOKOYACTOTHaA
anopHasa cuctema gna RIE.
MexaHu3mbl aHn3oTponumn RIE.
MpenmyLlecTea N HegocTatkn RIE
n DRIE. TpaBneHune guokcmaa
KPEeMHUS, HATPULA KPEMHUS,
NONMNKPUCTANINYECKOTO KPEMHIS,
CUNNLNAOB TYroNnaBKUX MeTaN0B
N alloMUHKA. Tprmepsl
MUKPOMEXaHWUYECKNX CUCTEM
nonyyeHHslx no DRIE -
TEXHONOTUN.

0 5 15, 16

CaMOCTOATE/NNbHOE N3y4eEHNE

AvpakTnyeckas eaMHnLA: ALAUTMBHbIE TEXHONOTMM HAHECEHUS! TOHKMX MNJIEHOK.

19. AQAMTUBHbIE TEXHONOTUN
HaHeCeHUs TOHKUX M/1eHOK.
TepmMmuyeckoe BakyymMHOe
ncnapeHune. TexHonorus
HanblneHns. CpaBHeHUe 0 5 13,14
TEXHONOTMM NCNapeHns n
HanblneHns. flasepHoe
HarblneHve. VIloHHoe KnacTepHoe
HanblneHve. VIoHHOe HanblieHve.

CaMOCTOATENbHOE NU3y4EHNE

OupakTunyeckana eguHuua: CVD-npoueccbl.

20. CVD-npouecchl.

D U3MKO-XMMUYECKME MPOLECChI B
CVD-peakTtopax. KoHCTpyKUun
CVD-peakTopoB. OCO6eHHOCTY
MO-KPbITUA CTYrMEHEK.
PasHosugHoctn CVD-npoveccos:
TCVD, APCVD, LPCVD,
VLPCVD, PECVD,
Photon-assisted CVD,
Laser-assisted CVD, MOCVD.

0 5 10,12, 14

CaMOCTOATENTbHOE N3y4YeHNe

AvpakTnyeckas egmHuLa; MnasMoXMMUYecKoe 0CaxXaeHWe NIeHoK Am
KPeMHMS 1 NOSIMKPUCTANINYECKOT0 KPEMHUS.

OKCUAA KPeMHUS, HUTpraa

21. MNMna3moxnmmnyeckoe
OCaX[eHWe MNIeHoK anokcnaa
KPeMHUS, HATPMAA KPEMHUA U
NO/IMKPUCTAI/TMYECKOTO KPEMHMUS.
O6opynoBaHue
N1asMOXMMNYECKOT0 OCaXKAEHNS.
MapameTpbl N1a3MO-XUMUYECKOT0
OCaKAEHMSA N CTPYKTYpa MNeHOK

0 5 12,15, 17

CaMOCTOATENbHOE N3y4EHNE

JnpakTrnyeckas eguHULA: DNeKTPOXUMUYECKOe OCaXKAEHWE MeTauT/IMYECKNX MIEeHOK.

22. DNeKTPOXMMUYECKOe
OCaX[EeHVE METAINYECKNX
nneHok. Tep-mognHaMuka
3NEKTPOXMMUYECKOTO OCAXKAEHMS.
KVHETUYEeCKNIn aKTUBALMOHHbIN 1
ANPOY3NOHHBIA KOHTPO/b
3NEKTPOXMMUYECKNX PeakLuii.
HenvHelHble anddy3MoHHbIe
3QeKTbl. 3aKNUNTENbHAS

0 5 15, 16

CaMOCTOATENbHOE N3y4EHNE

NeKums.




4. CamocTosiTe/IbHasa paboTa 06y4aroLLerocs

CcbINKkKn Ha
o Yacbl Ha Yacbl Ha
Ne Buabl camocToATeIbHOM paboThl pesynbTaThl
BbIMONIHEHWE [KOHCY/IbTauuu
06yu4eHus
CemecTp: 5
1,10, 11, 12,
13, 14, 15, 16,
1 |lMNoarotoBka K aTTectaummu 17.18 2. 3.4, 32 23
5¢6,7,8,9

: KameHckast A. B. TexHONornyeckme NpoLecchl B MUKPO3NEKTPOHUKE : y4eOHO-METOAMYECKOe nocobue /
A. B. KameHckas, P. . ukapeBa ; HoBocK6. roc. TexH. yH-T. - HoBocubmpck, 2005. - 43 ¢. : cXembl,Tab/l..
- Pexxum pgoctyna: http://elibrary.nstu.ru/source?bib_id=vtls000044161

1,10, 11, 12,
2 CamocToATe/IbHOe M3YYeHWe TEOPETUYECKOTO 13, 14, 15, 16, 159 0
mMarepuana 17,18, 2, 3, 4,
56,7,8,9

CTy[eHT n3yyaeT Tembl, NpuBefeHHbIe B Tabmue 3.1 1 KameHckas A. B. TexHOOrMYecKme npoLecchl B
MUKPO3MEKTPOHMKE : y4ebHO-MeToamMueckoe nocobue / A. B. KameHckas, P. M. ukapesa ; HoBocu6. roc.
TeXH. YH-T. - HoBocnbupck, 2005. - 43 ¢. : cxeMbl, Tabn.. - PeXum goctyna:
http://elibrary.nstu.ru/source?bib_id=vtls000044161

5. TexHonorus oby4eHns

[lnsi opraHm3aLmy ¥ KOHTPO/IS CaMOCTOSTE/IbHOW PaboThl 06YUaKOLLIMXCS, @ TAKXKE NPOBEAEHNS
KOHCYNbTaLMiA MPUMEHATCSA MHDOPMaLOHHO-KOMMYHUKALIMOHHbIE TEXHONOrMK (Tabn. 5.1).

Tabnvua 5.1
[enTenbHOCTb VH(hopMaLMOHHO-KOMMYHUKALMOHHbIE TEXHOMOM I
MHopmmpoBaHue e-mail; JInyHbIi TUNOBON calT; MopTtan HI'TY; Yar
KoHcynbTupoBaHue JInyHbii TMINOBOI cawT; MopTtan HI'TY; Yat
KoHTpO/b e-mail; JInyHbIi TMNOBON caiT; CounanbHble ceTu; Yar
Pa3meLLeHMe Y4eBHbIX e-mail; JlnuHbIli TUNOBON caiiT; MopTan HI'TY; CouyuanbHble
MaTepuanioB cetn; Yar; 96C

6. JlutepaTtypa

OcHoBHas nMTepaTypa
1. CnpaBounuk [lnpuarepa no Hanotexuonorusm. (B 3 1.). T. 1 / enep. roc. yupexaecHue
Hayua.-npou3ss. kommiaeke "Texnomornueckuit ueHTP" MOCK. TOC. MH-Ta JICKTPOH. TEXHUKH | IO
pen. b. bxymana ; ep. ¢ aarn. mox o6m. pea. A. C. Cayposa. - M., 2010. - 862 c. : n., Tabm.
2. CopaBounuk llnpurrepa mo Hanorexuogorusm. (B 3 1.). T. 2 / @exep. roc. yupexncHue
Hayua.-npou3ss. kommiaeke "Texnomornueckuit ueHTP" MOCK. TOC. MH-Ta JICKTPOH. TEXHUKH | IO
pen. b. bxymana ; miep. ¢ aarn. mox oour. pen. A. C. Cayposa. - M., 2010. - 1039 c. : un., Tabm.
3. Copasounnk Inpunarepa mo Hanotexunomorusm. (B 3 1.). T. 3 / @exep. roc. yupexacHue
Hayua.-npouss. kommiaeke "TexHomornueckuit ueHTP" MOCK. TOC. MH-TA JICKTPOH. TEXHUKH | IO
pen. b. bxymana ; mep. ¢ anrn. mox oomr. pea. A. C. Cayposa. - M., 2010. - 831 c. : un.
4. Maluf N. An introduction to microelectromechanical systems engineering / Nadim Maluf, Kirt
Williams. - Boston, 2004. - xx, 283 p. : ill.. - [Iep. 3arn.: BHenperne MUKPO3TIEKTPOMEX aHUYCCKHUX
CHCTEM.
5. Mxexcon P. I'. Hoseittne natuuku / P. I'. [Ixxekcon ; mep. ¢ aurin. B. B. Jlyuununa. - M., 2007. -
380 c. : um.




6. [Tyn Y. HanoTexnomnoruu : yueOHOE 1MocoOue TT0 HAMPaBJICHAIO TTOATOTOBKHU "HarnoTexHoMOrnm"
/Y. Myn-ma., @. OysHc ; nep. ¢ arra. nox pea. FO. Y. Tonosuna ; nom. B. B. Jlyunnuna. - M.,
2006. - 334 c. : m.

7. Mensenes A. M. COopka 1 MOHTaX 3JICKTPOHHBIX ycTpoiicTB / A. Mensenes. - M., 2007. - 255
C. : M., TaOm.

8. IIpomeccel MUKPO- M HAHOTEXHOJIOTHH : y4eOHOE TTOCOOHE A By30B 10 CICHUATBHOCTSIM
200100 "Mukpo31eKTpOHHKA U TBepAOTEabHAs daekTporuka” u 202100 "HanorexHonorus B

anexrpuke” / T. U. [lanununa u ap. ; ToMckmii TOC. YH-T CUCTEM YIP. ¥ PAAUOSTICKTPOHUKH. -
Tomck, 2005. - 314, 1] c.

[lononHuTenbHas nuTepaTypa

1. I'puguun B. A. ®usuka mukpocuctem. Y. 1 : Yuebrnoe mocobue ast By3os / B. A. I'puguun, B.
I1. lparynos; HoBocu®. roc. TexH. yH-T. - HoBocubupck, 2004. - 415 c. : un.. - Pexxum noctymna:
http://www.ciu.nstu.ru/fulltext/textbooks/2004/04 gridchin.pdf

2. Texnonorus CBUC. B 2 xu.. Ku. 1/ ITupce K. [ ap.] ; mox pen. C. 3u ; mep. ¢ anri. B. M.
3BeponoBnieBa [u ap.]. - M., 1986. - 404 c. : un., Tabm.

3. Texuomnorust CBUC. B 2 ku.. Ku. 2 / [Tupc K., Anamc A., Ka JI. u gp. ; mox pea. Yuctsaxosa FO.
H.-M., 1986. -453 c. : un.

VIHTepHeT-pecypcehbl
1. OBC HI'TY : http://elibrary.nstu.ru/

2. DBC «M3nmarensctBo Jlausy : https://e.lanbook.com/
3. OBC IPRbooks : http://www.iprbookshop.ru/
4. OBC "Znanium.com" : http://znantum.com/

7. MeToamn4yecKoe 1 NporpaMmHoe obecrieveHme

7.1 MeToguyeckoe obecrneyeHme

1. Kamenckas A. B. TexHomorndeckue mporeccbl B MUKPOIJICKTPOHHUKE | y4eOHO-METOIUICCKOE
nocooue / A. B. Kamenckas, P. I1. lukapea ; HoBocu6. roc. TexH. yH-T. - HoBocubupck, 2005. -
43 c. : cxembL,Ta0u.. - Pesxxnm nocrtyma: http://elibrary.nstu.ru/source?bib_1d=vtls000044161

7.2 Cneumann3npoBaHHOe NporpaMmMmHoe obecreyeHume
1 Office
2 Windows

8. MaTepuanbHO-TeXHUYECKOe 06ecrneyeHme

CnevmanbHoe obopysoBaHme

Ne HavmeHoBaHMe HasHaueHne
1 |AnnapaTtHo- nporpaMmHbIii komnnekc Nicolet|cnonb3yetcs gns nabopaTtopHbIX
6700 uccnefoBaHUm
2 |YctaHoBka MJ12 "AHITAPA™ Vcnonb3ayetcs ans nabopaTopHbIX
1ccre0BaHUn
3 |/labopatopHblii komnneke KatyHb-100 Vcnonb3ayetcs a1 nabopaTopHbIX
nccne0BaHUn
4 |MMKPOCKOIT MNIN-4 Vcnonb3yetca ans nabopaTopHbIX
nccnefoBaHnm




MupomeTp C-20,3-18...+1250C(1500C)

Kcnonb3yeTcs ans nabopaTopHbIX
nccnefoBaHUn
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1. O0o0meHHasi cTPYKTYpa oHIAa OLIEeHOYHBIX cpeAcTB Moay.as "TeepaorenbHas
3J1eKTPOHUKA, PAIN03JIEKTPOHHBbIE KOMIIOHEHThI, MUKPO- H HAHO3JIeKTPOHHKA, IPUOOPHI Ha
KBAaHTOBBIX 3¢ dexTax (MoayJib)" M0 MaTepragaM JMCIHHIIIHHbI
O06o0uieHHas cTpykTypa (OHJa OLIEHOYHBIX CPEJICTB M0 MOAYI0 "TBepaoTenpHas 31eKTPOHUKA,

PaIuO3IEKTPOHHBIE KOMIIOHEHTBI, MUKpPO- M HAHOXJIEKTPOHHMKA, MPUOOPHI Ha KBAaHTOBBIX 3(eKrTax
(Monynp)" mo MarepuanaM AMCUUIUIMHBL «KOMIIOHEHTBl MHUKPOCHUCTEMHOW TEXHUKH» IpHUBEAEHA B

Tabunure.
Tabauma
ITanel OHEHKH KOMIIETEHIHIA
IToxka3zaTean
copmupoBanHOCTH Meponpusitus
Dopmupyembie KOMIIETEeHIIH I Tembl TEKYWIEro IIpomexyTounasn
KOMIETEH MU (3HAHUSA, yMeHHs1, KOHTPOJIsI arrecranus (3K3aMeH,
HABBIKH) (xypcoBoii mpoexT, 3a4er)
PI'3(P) u ap.)

I1K.1.B roToBHOCTH
MPOCKTHPOBATh
pa3IUMYHbIC TUIIBI
MOJIYTIPOBOTHUKOBBI
X IpUOOPOB U
KOMIIOHEHT
MHUKPOCHCTEMHOH
TEXHUKHA

31. 3HATH NPUHLIMITBI
paboThl OCHOBHBIX
TUIIOB
MOJIYTIPOBOJHUKOBBIX
pudopoB U
xomnoHeHT MCT
(MHKpPOCHCTEMHOM
TEXHUKH)

MukpocucTeMHas TEXHUKA -
HOBOE TEXHHYECKOe
HanpasisieHue. Mcropus u
OCHOBHBIE ITAITbl PA3BUTH.
CBA3b ¢ MUKPO3JIEKTPOHUKOIT U
OCHOBHBIE 0COOEHHOCTH.
OneMeHTH! B KOMIOHEHTBI
MHKPOCHCTEMHOH TEXHHKH.
CeHcopBI U aKTIOATOPEI.
[pumepsr. Knaccupukarms
ceHcopoB. Ky0 ceHcopos.
CeHcopbl MEXaHUYECKUX
BennuuH. CeHCophI Ha
TEH30PE3UCTUBHOM S heKTe.
Merannuueckue
TeH30pe3ucTopbl. [IpuHIun
JIefiCTBUS, OCHOBHBIC
XapaKTePUCTUKH, THITHIHBIE
KoHCTpykuuu. IIprMeHenue.
Ten3ope3ucTuBHBINA Y3PPEKT B
"n" u"p" KpeMHUH.
HedhopmanoHHsIe 1
Harpy304HbIE XapaKTePUCTHKH.
DEHOMEHOJIOTHYECKOE
OTIMCaHKEe TEH30PE3UCTUBHOTO
a¢dexra. Henmuueinocts
TEH30PE3UCTUBHOTO AP eKTa.
Marpuiia npe30conpoTHUBICHUS
JUI KpeMHus. TemneparypHas 1
KOHIIEHTPAllMOHHAs
3aBUCHMOCTH
MIb€30CONPOTUBIIECHUSI.
IIpoextupoBanue
HMHTETPalIbHBIX CEHCOPOB
JIABJICHUS HA TEH30PE3NCTHBHOM
s dexre. [IpoekTupoBanme
YIPYTHX 3JIEMEHTOB.
Pacnpenenenne nedhopmanuu u
HaIPSDKEHUHI B KBaJIpaTHOU U
KPYTJIOH 3alEMIJIEHHBIX
madpparmax. [IpoextupoBanue
TOTIOJIOTUH TEH30PE3UCTHBHBIX
ceHcopoB naBneHus. [Ipumep:
TOTIOJIOTHUS CEHCOPA JAaBJICHUS C
KBazipaTHOHU nuadparmoii u
TEH30PE3UCTOPaMH N U P TUIOB.
DNEKTPUIECKHUE CXEMBI
TEH30PE3UCTUBHBIX CEHCOPOB

3auer, Bonpocsr 1 — 30.




JIaBJICHUSI.
IToreHunomMerpuyeckas cxema
1 MOCT YUTCTOHA.
Mertponoruueckue
XapaKTEPUCTUKU CEHCOPOB
JABIICHUS - YyBCTBUTEIBHOCTD,
HavyaJIbHbIA paz0aiaHc,
HEJIMHEWHOCTh, TUCTEPE3UC
CeHcopbl HA eMKOCTHOM
a¢dexre. [IpeodpazoBaTenpHast
XapaKTepUCTHKA EMKOCTHOIO
CEHCOpa JaBIICHUS C KPYIJIOH
nmradparmoit. OcobeHHOCTH
KOHCTPYKINH EMKOCTHBIX
ceHcopoB nasieHus. [Ipumep
peanm3aIiy CEHCOPa C
ncnons3oBanueM JJIOKOC-
TEXHOJIOTHUH. AKCEIEePOMETPHI.
CTpyKTypa MUKPORJIEKTPOHHBIX
akcenepomMeTpoB. OCHOBHBIE
YPaBHEHUS U XapaKTEPUCTHUKH.
KoncTpykuus
TCH30PC3UCTUBHBIX U
€MKOCTHBIX aKCEIEPOMETPOB.
Axcenepomerp ADXL-50.
HertpaguumoHHbIe HaIIpaBICHUS
MIOCTPOCHHS TEH30PE3UCTHBHBIX
ceHCOpoB naBneHus. CeHcopbl
Ha CIIBUTOBOM (P deKTe.
OCHOBHBIE YpaBHEHUS,
OTHCHIBAIOLINE PAOOTy
ceHcopoB. OcobeHHocTH
tonosioruu. [Ipumep
TEXHUUYECKOU peanus3alui -
cercopsl MX ¢upmsl
Motopona. TeH30pe3uCTUBHbIE
CEHCOPBI C TUAJIEKTPUIECKON
U30JISAIAEN.
[Tse303meKTpUYECKNe IIEHKH 1
1X IPUMEHEHUE B CEHCOPaX U
aKTI0AaTOpax. MaTeMaTH4yeckoe
OTIHCaHME TThE30UIEKTPHUECKOTO
a¢dexra. [Tbe3031eKTpHUCSCKUE
Mmatepuaibsl. KoHcTpykunn
CEHCOPOB JIaBICHUS.
IIbe30nnexTpruecKue
akTI0aTopbl. CeHCopHhI
TEepPMHYECKOTO CHI'HaIA.
Temnepatypa, TeMneparypHble
mKaibl. TermonpoBogHOCTS,
KOHBEKIIUSI, U3JTydECHHE.
TepmouyBcTBUTENEHBIE
3J€MEHThI. Pe3ucTopsl,
Tepmonapsl. [Ipumepst
peanu3aly CeHCOPOB:
BaKyyMMeTpbl, ceHcopsl K-
H3Ty4YeHUs. DIEKTPOHHbIE
TepMOMETPBL. J(Hoabl U
TPaH3UCTOPHI KaK 3JIEMEHTBHI
JIEKTPOHHOTO TEPMOMETPA.
PTAT- TepmoMeTpHI.
TepMuueckue ceHCOpbI
BIQXXHOCTH. MarHnTHbIe
ceHcopbl. O0IaCTH MPUMEHEHUS
MAarHUTHBIX CEHCOPOB. D ekt
Xomna, 3pdexr
MarHUTOCONIPOTUBIICHHUS.
Oco0eHHOCTH TTPOSKTUPOBAHHUS




CEHCOPOB MarHUTHOT'O TIOJISI.
Marepuans! U1 XOJUIOBCKUX
CEHCOpOB. TUnMyHbIE
KOHCTPYKIIUH CEHCOPOB,
XapaKTepUCTUKU. MarHuTHbIE
ceHcopHI Ha 3 dekTe
MarHUTOCONPOTUBIICHHS

(3¢ dexr aycca).
MarHuTOTpaH3UCTOPEI.
TunuaHbIE TOMOJIOTNYECKUE
pemenus. OcoOeHHOCTH Xa-
paxtepuctuk. CeHCOpbI
n3nyudenus. Hlkana
3JIEKTPOMAarHUTHBIX BOJH U
KIaccu(UKAIUSI CEHCOPOB
m3nydeHns. CeHCOpHI
ontuyeckoro u UK uznyuenus.
@du3ndecKue TPUHIUIIE]
paboThl, OCHOBHEIE
XapaKTEePUCTUKH, 0COOCHHOCTH
KOHCTpYKuuu. CeHCOpHI
(meTeKTophl) pagHoaKTHBHOTO
n3nyyeHus. Puznueckue
MIPUYMHBI PaJHOaKTHBHOTO
W3ITy9eHHS

I[IK.2.B
TOTOBHOCTBIO K
MNPpUMEHCHUTIO
CTaTUCTHYCCKUX
METOO0B B
paanoJIOKallMOHHBIX
n
paanoHaBUTAIIUOHHBI
X CUCTEMaAx

yl. ymeTn
IOJTb30BATHCS
YHCIICHHBIMA
MOJEISIMA
TEXHOJIOTHYECKUX
TIPOLIECCOB

AKTIOaTOPBI €
JIEKTPOCTATHUCCKUM H
TEPMHUYECKUM TPHHIUIIAMH
ynpasnernus. OcodeHHOCTH
JIEKTPOCTATHIECKOTO
ynpasieHus. MuKposepkana c
3EeKTPOCTATUYECKUM
HOpUHIHNOM yrnpasnenus. DMD
- TUCTITICH: IPUHIUI PabOTH U
TEXHOJIOTHSI H3TOTOBIICHHUS.
Pa3Burue 3neMeHTHOI 6a3sl
MHKPOCHUCTEMHOH TEXHHUKH.
Onruueckue KII0YH.

Muxkpoxknananbl. MUKpOHACOCHI.

BumopdHsIe cTpyKTYpHI - Kak
TIpUMeEp aKTIaTopa ¢
TEPMHUYECKUM MTPUHIATIOM
ynpasneHus. CTaHaapTHas
APXUTCKTYpa USMEPUTECIIbHBIX
cucTeM. DBOTIONHUS
TBEPAOTEJBHOMN 2JIEKTPOHUKH.
Opraauzanus 1 IeKTPOHUKA
MHKPOCHUCTEM. 3akIrouYnTeIbHAS
neknusi. TeHIeHIMN pa3BUTHS
MHUKPOCHUCTEMHOM TEXHUKH.
TenneHuys pa3BUTHS phIHKA
MuKpocucteM. CeHcopbl
MEXaHWYECKUX BEITMUYHH.
CeHcopbl Ha TEH30PE3UCTHBHOM
s dexre. Metamnmueckne
TeH30pe3ucTopbl. [IpuHIun
JIeHiCTBUS, OCHOBHBIC
XapaKTCpUCTHUKH, TUITMIHBIC
KOHCTpyKUuH. IIpuMeHeHnue.
TenzopesuctuBHbIii 3QdexT B
"n" u"p" KpeMHUU.
HedhopmanmoHHsie 1
Harpy304HbIC XapaKTEPUCTHKH.
DEeHOMEHOIOTHUECKOE
OITMCaHNe TEeH30PE3UCTUBHOTO
s dexra. HenmmuaeirHOCTH
TEH30PE3UCTUBHOTO Y dekTa.
Marpuna nbe30CONpOTHBICHUS

3auger, Borpocsr 1 — 30.




Juis kpemHus. TemneparypHas u
KOHLICHTPAIL[IOHHAS
3aBUCHMOCTH
MTbE30COMPOTHBIICHHSI.
IIpoexTupoBanue
MHTETPaIbHBIX CEHCOPOB
JIaBJICHUSI HA TEH30PE3UCTUBHOM
s¢dekre. [IpoekTupoBanue
YIPYTUX DJIEMEHTOB.
Pacnipenencuue nedopmanmu u
HaIPsDKEHUN B KBAJIPaTHOU U
KPYIJIOH 3aIleMIICHHBIX
mnadparmax. [IpoektupoBanue
TOTIOJIOT MY TEH30PE3UCTHBHBIX
ceHcopoB nasieHus. [Ipumep:
TOTIOJIOTHSI CEHCOPA JIaBJICHHUS C
KBanpaTHOU nradparMoit u
TEH30PE3UCTOpaMHt N ¥ P THIIOB.
DNEKTPUUECKUE CXEMBI
TEH30PE3UCTUBHBIX CEHCOPOB
JTaBJICHUSL.
IToreHnMomMeTpuyeCcKas cxema
U MOCT YUTCTOHa.
Mertposoruyeckne
XapaKTEepPUCTUKU CEHCOPOB
JaBIICHUS - YyBCTBUTEIBHOCTb,
HadaJIbHBIA pa30aiaHc,
HEITMHEHHOCTh, THCTEPE3HC
CeHcopBl TEPMUYECKOTO
curHana. Temneparypa,
TEMIIEPATyPHBIE IIKAJIBI.
TennonpoBogHOCTb, KOHBEKIIUS,
H3ITy4eHUeE.
TepMouyBCTBUTEIBHBIE
3J1eMEHThI. Pe3ucTopsl,
tepMmonapsl. [Tpumepst
peanm3aliy CEHCOPOB:
BaKyyMMeTpbl, cencopsl MK-
N3ITy4eHHs. DIEKTPOHHBIE
TepMoMeTpbl. Jlnomm! n
TPaH3HCTOPHI KaK 3JIEMEHTBHI
3EeKTPOHHOTO TEPMOMETpA.
PTAT- TepMoMeTpHI.
Tepmuueckue CeHCOPBI
BIIQ>KHOCTH. MarHuTHele
ceHcopsl. ObIacTH NIPUMEHEHHS
MarHUTHBIX CEHCOpPOB. D dekT
Xomna, a3ddexr
MarHUTOCONPOTHBIICHHS.
Oco0OeHHOCTH ITPOEKTUPOBAHUS
CEHCOPOB MAarHUTHOTO TIOJS.
Marepuans! U XOJUTOBCKHX
CEHCOpOB. TUnuyHkie
KOHCTPYKIIUN CEHCOPOB,
XapakTepUCTUKU. MarHuTHbIE
ceHcopsI Ha 3 dexre
MaramToOCOINPOTHUBIICHUA
(addext I'aycca).
MarHuToTpaH3UuCTOPEI.
TunuaHbIE TOMOJIOTNYECKUE
pemrenust. OCOOEHHOCTH Xa-
paktepuctuk. CeHcopbl
n3inyuenus. [lkana
3JIEKTPOMAarHUTHBIX BOJH U
KJ1accu(UKaIus CEHCOPOB
m3nmydenus. CeHcophl
ontuueckoro u UK uzmyuenus.
@Du3ndecKre TPUHIHIIIEI




paboThl, OCHOBHBIE
XapaKTePUCTUKH, OCOOCHHOCTH
KOHCTpyKInU. CeHCOpBI
(meTexkTophl) paTHOaKTHBHOTO
n3nyueHus. duznueckue
TIPUYIHHEI PATHOAKTUBHOTO
U3ITYYCHUS

2. MeToamka olleHKH 3TanoB (opMUPOBaHUs KOMIIeTeHIHIl B pamkax MoayJis ""TBepaoreibHas
3J1eKTPOHUKA, PAJIN03JIEKTPOHHbIE KOMIIOHEHThI, MUKPO- H HAHO3JIeKTPOHHUKA, IPUOOPHI HA
KBaHTOBBIX 3(pdekTax (Moay.ab)" 10 MaTepHaIaM AMCHUILIHHBI.

[IpomexxyTounast arrectanuga 1o Moayaw '"TBepaoresbHasi JIeKTPOHHMKA, PAJAHO0IEKTPOHHBbIE
KOMIIOHEHTbI, MUKPO- M HAaHOYJIEKTPOHMKA, NPUOOPHI HA KBAHTOBBIX 3(pdexTax (MoayJs)'" mo
MaTepHajaM JMCHUILIHHBI IPOBOIUTCS B 4 cemecTpe - B (popme 3auera, KOTOPbIH HalpaBlieH Ha OL[CHKY
chopmupoBannoctu kommerennui [1K.1.B, ITK.2.B.

®dopma npoBeIeHU 3aueTa MpUBEIeHa B MacropTe 3a4éTa, MPUIOKEHHOM K paboueil mporpamme.

OO0mue mpaBuiia BEICTaBICHUS OLIEHKH MO JUCIUIUIMHE ONPEESIOTCS 0aIbHO-PEUTUHTOBON CHCTEMOH,
npuBEeICHHON B pabodeil mporpamme moxayis "TBepioTenbHas AIEKTPOHHKA, PaJAUOAIEKTPOHHBIE
KOMITOHCHTBI, MUKPO- ¥ HAHOYJICKTPOHUKA, IPUOOPHI HAa KBAHTOBBIX A dekTax (MOayIb)" 1Mo MaTepraiam
JTUCIUTUIAHBI.

Ha ocHOBaHWW TpHBEIECHHBIX Jaliee KPUTCPUEB MOXKHO CIIENaTh OOMIMH BHIBOJ O CHOPMHPOBAHHOCTH
komnerenuuii [1K.1.B, 11K.2.B, 3a koTopble 0TBEYaET AUCUUILUIMHA, HA PA3HBIX YPOBHSIX.

OO0urasi XxapakTepuCTHKA YPOBHEH 0CBOEHHsI KOMIIETEHIIUI.

Hu:ke moporoBoro. YpoBeHb BBINIOJHEHHS Pa0dOT HE OTBEUAeT OOJIBIIMHCTBY OCHOBHBIX TpeOOBaHWA,
TEOPETHUYECKOE COJIEPKAHUE Kypca OCBOEHO YaCTHUYHO, TPOOENIbl MOTYT HOCUTh CYILIECTBEHHBIH XapakTep,
HEOOXOMMBbIE MMPAKTUYECKHE HAaBBIKU PaOOTHI C OCBOEHHBIM MaTepHaaoM c(hopMUpPOBaHbI HE JOCTATOUYHO,
OOJIBIIMHCTBO TMPEAYCMOTPEHHBIX IMpOrpaMMoi OOy4deHHs Y4eOHBIX 3a/JaHUNl HE BBIIOJIHEHBI WM
BBITOJIHEHBI C CYIIECTBEHHBIMU OIIMOKAMHU.

IToporoBblii. VYpoBeHb BBHINOIHEHUS pabOT oOTBeyaeT OOJIBLIIMHCTBY OCHOBHBIX TpeOOBaHUH,
TEOPETHUYECKOE CO/IEPKaHNE Kypca OCBOEHO YaCTHYHO, HO IPOOesbl He HOCAT CYIECTBEHHOI'0 Xapakrepa,
HEOOXOMMbIe MPAKTUUECKHE HAaBBIKU PabOThl ¢ OCBOEHHBIM MaTe€pHalioM B OCHOBHOM C(OPMHMPOBAHBI,
OOJIBIIMHCTBO MPEyCMOTPEHHBIX MPOrpaMMoil 0OyueHHs y4eOHBIX 3a/JaHUI BBIIOJIHEHO, HEKOTOpHIE
BUJIbI 33/1aHUH BBITIOJIHEHBI C OIIMOKaMHU.

ba3oBbIii. ypOBeHL BBITIOJTHCHU A pa60T OTB€Ya€T BCCM OCHOBHBIM TpC6OBaHI/I}IM, TCOPCTUUCCKOC
COACPIKAaHUC KypCa OCBOCHO ITOJIHOCTBIO, 0e3 Hp06eJ'IOB, HCKOTOPLIC INPAKTUYCCKHUEC HABBIKU pa6OTLI C
OCBOCHHBIM MarcpuaiomMm C(bOpMI/IpOBaHLI HEAOCTATOYHO, BCC MPCAYCMOTPCHHBIC HpOI‘p&MMOﬁ O6y‘-IeHI/I${
y‘{e6HLIC 3aJaHus BBIIIOJHCHBI, KQ4€CTBO BBIIIOJHCHHUA HU OJHOTI'O M3 HUX HEC OICHCHO MHWHHMAJIbHBIM
quCJIOM 63.J'IJ'IOB, HCKOTOPBIC U3 BBITTOJHCHHBIX BaﬂaHHﬁ, BO3MOJXHO, CoacpxKar OIIINOKH.

IIpoaBuHYTHIA. YpOBEHb BHIIOJHEHHUS Pa0OT OTBEYAET BCEM TPEOOBAaHUSAM, TEOPETHUECKOE COMEpPIKaHUe
Kypca OCBOEHO MOJHOCTBIO, 6€3 NMpoOesoB, HE0OX0AMMbIEe MPAKTUYECKUE HAaBBIKU PabOThI ¢ OCBOEHHBIM
MmaTtepuagoM c(hopMUpOBaHBI, BCE NPEAYCMOTPEHHBIE IpOrpaMMoi oOyueHHs YydeOHble 3aJaHus
BBINOJIHEHBI, KAUECTBO MX BBIMOJIHEHHSI OIICHEHO YHUCIIOM OaiiioB, OJU3KUM K MAaKCUMAaJIbHOMY.



DenepanbHOE TOCYAaPCTBEHHOE OI0KETHOE 00pa30BaTEIbHOE YUPEKICHHE
BBICITIETO 00Opa30oBaHUs
«HoBocubupckwii rocy1apcTBEHHBIN TEXHUYIECKIH YHHBEPCUTET»

Kadenpa obmieit puznku
Kadenpa momynpoBoJHUKOBBIX PUOOPOB U MUKPOIICKTPOHUKU
Kadenpa snexrpoHHBIX TpHOOPOB

ITacnopr 3a4era

o Moayiro "TBepaoTeNnbHAs ANEKTPOHUKA, PAIHOIIEKTPOHHbIE KOMIOHEHThI, MUKPO- U
HAHO3JICKTPOHUKA, IPUOOPHI HA KBAHTOBBIX d(dekTax (MOAyIb)" MO MaTepruaiaM JUCITUTLIAHBI
«KoMIoHeHThl MUKPOCUCTEMHOM TEXHUKN Y, 4 ceMecTp

1. Meroauka oLeHKH

3ader MpoBOAMTCA B YCTHOW (MMCBMEHHOH) (opme, o Omineram. buner dopmupyercs mo
CIIeIYIOIIEMY MPaBUITY: TIEPBBIN BOIPOC BBIOUpaeTCs U3 Iuarna3zoHa BonpocoB 1 — 13, BTopoii Borpoc
u3 juanazoHa BompocoB 14 — 30 (crmucok BONPOCOB TIPUBEICH HIKE). B Xome sKk3amenHa
MpernojaBaTesb BIIPaBe 3a/1aBaTh CTYCHTY JOMOJTHUTEIbHBIE BOIIPOCHI U3 O0IIEro nepevHs (Ii. 4).

®opma OmiIera 1JId 3a4era

HOBOCHWBUPCKUI TOCY JAPCTBEHHBIM TEXHUYECKWM YHUBEPCUTET
daxynpTeT POD

Buiaer Ne 1
K 3aqery 10 JUCITUITJIINHEC ((KOMHOHCHTI)I MHKpOCHCTCMHOfI TCXHHUKHN»

1. Tenzop mnwe3oconporuBiaeHus. MaTpuunbsle 00o03HaueHUs. OCOOEHHOCTH CTPYKTYpbI

TEH30pOB B N-U P-KPEMHUHU.

MarHuTOpe3NCTUBHBIE CEHCOPHI.

3. Ilo TexHmyeckomy 3ajaHuio0 TpeOyercsi pa3zpaboTaTh EMKOCTHBIM CEHCOp JAaBIEHUS C
Kpyrioi MemOpaHoii, yyBcTBUTENbHOCTHIO HE MeHee 0,9 nd/Ila nns nasnenus 150 Ila.
OtieHHTe MUHUMAJIBHBII Palyc CEHCOopa, YTOOBI MpH ToMmuHe MeMOpaHbl h = 30 MkM 1
3a3opa d = 2 MKM 00€CIIeUNBAITICH HY)KHBIC TI0 TEXHUYECKOMY 33J[aHUIO0 MTapaMeTphl.

N

VYTBepxkaato: 3aB. kapeapoit [1ITuMD npod. B.A. T'aiicnep

(moamucs)

«23» urons 2017 r.

2. Kpurepun ouenkun

e Ortser Ha OwWieT i 3auéra CYMTACTCS HEYIOBJETBOPUTEIBHBIM, €CIIH CTYICHT TPH
OTBETE Ha BOIPOCHI HE JIACT OMpECTICHHI OCHOBHBIX MOHSITHI, HE CIOCOOCH MOKa3aTh
NPUYMHHO-CIICJICTBEHHBIC  CBSI3M  SIBJIGHWH, TPH pEIICHHHM 3a/a4d  JIOMyCKaeT
NPUHIUITHAIBHBIE OIMOKH, OIIeHKa cocTaBisieT 25 — 49 6annos.

e Ortser Ha Owner AIg 3a4€Ta 3aCUUTHIBACTCS HA MOPOrOBOM YPOBHE, €CIIM CTY/ACHT IPH
OTBETE Ha BOIPOCHI Ja€T OIPE/ICIICHNE OCHOBHBIX MOHSATHH, MOXKET MOKa3aTh MPUYHHHO-



CJICZICTBEHHBIC CBS3M SIBIICHHUM, MPHU PEIICHUH 3aa4d JOMYCKAeT HENMPUHIUITHATIbHBIC
omMOKH, HAPUMEP, BEIUUCIUTEIbHBIC, OlleHKa cocTaBisieT 50 — 66 b6anios.

e OrtBer Ha Owier Ans 3a4€Ta 3aCUUTHIBACTCS HAa 0A30BOM YPOBHE, €CIIM CTYICHT IPHU
OTBETE Ha BOIPOCHI (HOPMYIHPYET OCHOBHBIC IMOHATHSA, 3aKOHBI, JIACT XaPAKTECPHUCTUKY
MPOIIECCOB, SIBIICHWUH, NPOBOAUT aHAIW3 NPUYUH, YCIOBUH, MOXET MPEICTaBUTh
KAYeCTBCHHBIC XapaKTEPHCTUKH IIPOIIECCOB, HE JOMYyCKAeT OIIMOOK IPH PEIICHUU
3aJa4, OlleHKa cocTaBiseT 67 — 86 6annos.

e OrtBer Ha Owter JuId 3a4éTa 3aCYMTHIBACTCS HA MPOABHHYTOM YPOBHE, €CIIU CTYJCHT IPH
OTBETE Ha BOIPOCHI ITPOBOJAUT CPABHHUTEIBHBIA aHAIN3 IOJAXOJIOB, BBIIBISET MPOOJIEMBI,
npeiaraeT  MEXaHW3Mbl  PEIIEHUs, CIIOCOOEH  TPEACTaBUTh  KOJIHMYECTBCHHBIC
XapaKTePUCTUKH OIPEJCIICHHBIX IPOIECCOB, IMPHBOIUT KOHKPETHBIC MPUMEPhI U3
MPAKTUKH, HE JOMYCKAeT OMMOOK M croco0eH O0OCHOBaTh BBIOOP METONA PEUICHUS
3aja4u, onenka cocrasiaet 87 — 100 b6annos.

3. Ixaja oneHKH
Jns momycka K 3a4€Ty CTYICHT 00s3aH BBIIOJHHUTH M 3alUTHTH BCE JaOOpaTOpHBIC PabOTHI,
MPUCYTCTBOBATh HAa BCEX MPAKTHUYCCKHUX 3aHATHSX, CIATh M 3alIMTUTh KypCOBYIO padOTy HE
MeHee, 4yeM Ha 10 0ayuioB, a TakKe HalucaTh KOHTPOJIBHYIO paboTy HE MeHee, YeM Ha 6 OaioB.
MuHuUMaNIBHBIN 00IIMIA OaLT IS TomycKa K 3a4éry coctanisier 30 OayioB.

MaxkcumanbHbIi 0aJl1, KOTOPBIA CTYJICHT MOKET Ha0paTh B X0Jie caauun 3a4€ra, paBeH 20, Takum
o0Opa3om, ko3 durmeHT nepecuyéra 0auIoB SK3aMeHa B UTOrOBbIE OBl 110 TUCIUILINHE PaBEH
0,2.

OlnieHKa «HEYA0BJIEeTBOPUTEIbHO» (o1leHKa FX) cTaBuTCs B Cily4ae, €Ciu CTYACHT OTBEYAaeT Ha
HeYy/I0BJIETBOPUTEJILHOM YPOBHE, M HaOUpaeT M0 CyMMe OTBETOB Ha BCE BOIPOCHI OT 5 10 9,6
UTOTOBBIX OAJUIOB.

OreHka «ynoBJieTBOpUTeNBLHO» (otieHKH E, D-, D) craButcs B ciydae, €ciid CTYJCHT OTBEYacT
HA MOPOroBOM ypoBHe, U HabupaeT oT 10 no 13,2 GamioB, a Takke Ha 6a30BOM YPOBHE, €CIIU

HaOpaHHBIM MM HTOTOBBIA OaJll 110 CyMME OTBETA Ha BCE BOIMPOCHI HAXOMUTCS B IMpeeiiax OT
13,4 no 14,4 (oueuku D+ u C-).

Onenka «xopomo» (ouenku C, C+, B-, B) craBurca B ciydae, eciu CTyIEHT OTBEYaeT Ha
0a3zoBoM ypoBHe, 1 HabupaeT oT 14,6 10 17,2 uToroBeIx 6AIIIOB.

Ouenka «oTan4Ho» (ouenku B+, A-; A, A+) ctaBuTcs B cilydae, €CIM CTYJCHT OTBEYAaeT Ha
NPOJABHHYTOM YpOBHE, 1 Habupaet oT 17,4 10 20 UTOroBHIX OAIOB.

3auér cunTaeTcs CAaHHBIM, €CIIH CyMMa OaJlIoB IO BCEM 33/IaHUSIM OMJIeTa OCTABIISIET HE MEHEe
10 G6asmtoB (13 20 BO3MOXKHBIX).

B o0meit onieHke o AUCHUIUTMHE OaUTbl 32 3aU€T YUUTHIBAIOTCSA B COOTBETCTBUU C ITPABUIAMHU
OaIbHO-PEUTUHIOBOM CHCTEMBI, IPUBEACHHBIMU B paboyeil mporpaMme JUCIUIIINHBL.

B o0meit omenke no IUCHMIUIMHE Oamibl 3a 3au€T YYUTHIBAIOTCS B COOTBETCTBHM C
npaBWiiaMyd  OaJJIbHO-PEMTUHIOBOM  CHUCTEMBI, NPHUBEIEHHBIMM B paboueil mporpamme
JUCLIUATIIINHBI.

4. Bonpocsl K 3a4eTy no JucuuninHe « KoMnoHeHTbl MUKPOCHCTEMHONH TEXHUKH

1. TeH3op MexaHWUECKUX HampsykeHud. MaTpudyable o0o3HaueHus. [IpaBuio
npeoOpa3oBaHMs KOMITOHEHT.
2. Tenzop nedopmanuit. Marpuansie o6o3HaueHus. [IpaBumno nmpeodpa3oBaHus KOMIIOHEHT.



3akoH ['yka. TeH3op ynpyrux noctossHHbIX. MaTpuuHble 0003HAYCHHUS.

Tenzop neezoconpoTuBieHus. MaTpudabie 0003HaueHuss. OCOOEHHOCTH CTPYKTYPHI

TEH30pOB B N-U P-KPEMHUHU.

5. Pacnpenenenue HanpsbkeHUH U qedopMaui B KDEMHUEBOM YIIPYTOM 3JIEMEHTE
(>kecTKO€ 3alleMIICHHE).

6. VYrioBas 3aBUCUMOCTH MPOJIOJIBHOTO ITbE30CONpOoTUBIeHUS B miiockoctu (100).

7. DeHOMEHOJIOTHYECKOe ONMHUCAHNE TCH30PE3UCTUBHOTO (P PeKTa B KPEMHHH.

8. OmpezneneHue palMoHaILHOTO pa3MeIeHHsI TEH30PE3UCTOPOB Ha YIIPYTOM 3JIEMEHTE
ceHcopa.

9. Ilpsmoii u 0OpaTHBIN MTbe30daeKTprudecKkuii 3P dekT. [Tbe303meKkTpruuecKuii KOHIEHCATOP.

10. TeH30p Mbe303IEKTPUIECKUX MoayIel. MaTpuuHbie 0003HauUeHHs. YTI0Bas
3aBUCHUMOCTH MOIYJIst O113.

11. MaTtemaTrueckoe onucaHue paboThl aKCEIEPOMETPA.

12. 3ddext Xomna. [IpeodpazoBarenbHas XxapakTepUCTHKA XOUIOBCKOTO CEHCOpa IS
c1a0bIX MOJIEH.

13. Db dext marneToconporurneHus. Guzndyeckue npuarHbI dYHPeKTa.

14. Knaccugukaius CeHCOPOB.

15. Metannuueckue TeH30PE3UCTOPBL. XapaKTePUCTHKHU, KOHCTPYKIIHS, MaTEPUAIbI.

16. MeTtponoruyeckie XapakTepUCTHKH CEHCOPOB JIaBIICHHUS.

17. Cencopsl Ha ocHOBe éMKOCTHOTO 3 PekTa. Knaccudbukanus. YpoBaemepsl. JlaTunku
CIUTIOIITHOCTH.

18. [IpeoOpa3zoBarenbHas XapaKTepUCTUKA EMKOCTHOTO CEHCOpa JaBIICHUS.

19. KoncrpykrusHas peanuzaius EMKocTHOTo ceHcopa o LOCOS-rexHonoruu.

20. JIocTouHCTBa M HEOCTATKU MbE303JIEKTprudeckux ceHcopoB. Koaddumment
AJIEKTPOMEXAaHUUYECKOU CBs3U. MaTtepuaisl.

21. AkcenepoMeTpbl, oOnactu mpuMeHenus. O01as CTpykTypa akceliepoMeTpa.

22. KoHCTpYKIIMS ¥ TEXHOJIOTHSI TEH30PE3UCTUBHOTO aKCEIEPOMETPA.

23. EmxoctHble akcenepoMeTpsl. IIpuHIMI paboThl U YCTPOMCTBO aKcenepoMeTpa ¢
00paTHOM CBA3BIO.

24. Tepmuueckue cencopsl. Kinmaccudukamus. TemneparypHbie mkaibl. PU3n4ecKuil CMBbICI
TEMITePaTypHI.

25. TepMOpe3UCTOPBI U TEPMUCTOPHI (XAPaKTEPUCTUKHU, YCTPOUCTBO, MaTepHaIbl).

26. Tepmonapbl. U3NUECKUN TPUHIHIT PAOOTHI TEPMOTIAP.

27. TpaH3UCTOP, KaK TeMIepaTypHBIA CEHCOP.

28. MarunuTHbIe ceHCOpbl. CEHCOpHI M3MEPEHHUsT MATHUTHBIX BenndnH. Kimaccudukanms
MarHUTHBIX CEHCOPOB.

29. KoHCTpyKIIMSI MAarHUTOPE3UCTOPOB.

30. MeTposioruueckne XapakTepucTUKU XOIOBCKMX CEHCOPOB U MarHUTOPE3UCTOPOB.

How

33}13‘11/[ K 3aqéTy o TMCIUIIJIMHE «KomMmnoHeHTBI MHKpOCI/ICTeMHOﬁ TCXHUKHN

1. Tlo TexHuyeckoMy 3alaHuIO0 TpeOyeTcst pa3paboTaTh EMKOCTHBIM CEHCOp MAAaBICHMS C
Kpyriioi MeMOpaHo#, uyBcTBUTENbHOCTRI0O HE MeHee 0,9 nd/Ila nns masnenus 150 I[la.
OrneHuTe MUHUMAIBHBIA pagyc CEHCOpa, YTOOBI MpH ToimuHe MeMOpansl h = 30 MKM u
3azopa d = 2 MKM 00€CeYHBaINCh HY)KHBIE 10 TEXHUUECKOMY 3aJIaHHIO TapaMETpPBI.

2. Ha mpsiMOyroipHBIN KpEMHHEBBIH CTOIOMK pazMepamu 1x1x10 MM U opueHTanueil cTopoH
Boab HampasineHus [100] neiictByer cxumaromas cuna 10 xI'. Haligute KOMIOHEHTHI
TeH30pa JedopMalluy U MEXaHMUECKHUX HaNpsKEeHU B cucTeMe KOOpAMHAT oOpasia.

3. TlpsmoyrombHas KpeMHHUeBas IDIacTHHA 2x6x(0.5 MM W yIeNBbHBIM colpoTuBiicHHeM 20
Om-cm Haxonutcst B ogHOpoHOM MarHUTHOM nosne 0.1 Ti. Onenure Xosnosckyro O/J1C u



MAaroiuTHYH 4yBCTBUTCIbHOCTb 9TOM MJIACTHHEI.

K npsMoyronpHOM I1acTUHKE MbEe30KBapLa pasMepamu 15x10x5 MM MpUIIOKEHO JaBIEHUE
150 ITa, nepneHaUKyIApHO K €€ HauOosbmel rpand. OIEHUTE JIEKTPUUECKYI0 EMKOCTh U
BBIXOJTHOW CHTHQJ TOJYYEHHOTO CEHCOpa [JaBJICHUS, €CIM KOMIIOHEHTa TEeH30pa
IbE303JIEKTPUIECKUX MOayiei i1 = -2.3-10 Kw/H.

OneHuTe BBIXOJHON CUTHAJ, YYBCTBUTEIBHOCTH U MOTPEUIHOCTh TEH30PE3UCTUBHOIO MOCTA
YUTCTOHA, COCTOSIIEr0 M3 YETHIPEX IUIAHAPHBIX KPEMHHUEBBIX TEH30PE3UCTOPOB
conpotusiienueM 1 kOm £ 1%, ecnu kosddunreHT TeH3zouyBcTBUTENbHOCTH paBeH 100,
nedopmalus He IPEBbIIIaeT 10% a HanpspKeHUE MUTaHUs cocTaBisieT 5 B.

BeraucinTh KOMIOHEHTHI TEH30pa ME30COMPOTHUBICHHUS B MATPUYHBIX HHICKCAX IS
CHCTEMBI KPUCTALIOTPahUIECKUX OCEH, MOBEPHYTOM OTHOCUTENHHO OCU Z Ha yroi +45°.
M3HavyambHO TEH30p 3alMCaH B INIaBHBIX KPHCTAIUIOTPA(QUIECKUX OCSX.
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1. O0o0meHHasi cTPYKTYpa GoHIAa OLIeHOYHBIX cpeacTB Moay.s "TeepaorenbHas
3J1eKTPOHUKA, PAIN03JIEKTPOHHBbIE KOMIIOHEHThI, MUKPO- H HAHO3JIeKTPOHHKA, IPUOOPHI Ha
KBAaHTOBBIX 3¢ dexTax (MoayJib)" Mo MaTepragaM IHCHUIIIHHBI

O06001eHHas

CTPYKTYypa

dboHIa OILIEHOYHBIX

CPEICTB

no wmoayaw ''TBepporenbHas

JJICKTPOHUKA, PAAUOIICKTPOHHLICE KOMIIOHEHTbLI, MHKPO- U HAHO3JECKTPOHHKA, npnﬁopbl Ha

KBaHTOBBIX 3¢ dexTax (MoayJib)'" mo Marepuajam QU CHUATIIAHbBI

npusezena B Tabnure.

CHCHI/IELHBHBIC TJ1IaBbl HAITPABJICHHUA

Tabnuna

Tanbl OMEHKH KOMIETeHIHH

Iloka3zarenu
chopMUpPOBAHHOCTH Meponpusitust
DopMupyeMble . I
KOMIIeTeH Ui Tembl TEKylero POMEXKYTOIHASA
KOMIETEHIINH (3HAHMSL, yMeHHSs1, KOHTPOUIsI aTrecranus (3K3amMeH,
HABBIKH) (kypcoBoii mpoeKT, 3a4er)
PI'3(P) u ap.)
IIK.1.B roroBHOCTh |31. 3HaTh MpUHIUNBI |30HHAS TEOPUS TBEPAOrO TeNa. | HET 3auer, Bonpocsl ¢ 1 o

MPOEKTHPOBATH
pa3IMYHbIC THITBI
MOJIYTIPOBOTHUKOBBI
X PUOOPOB U
KOMITOHEHT
MHKPOCHCTEMHOI
TEXHUKH

PpabOTBI OCHOBHBIX
TUIIOB
MOJTYITPOBOTHUKOBBIX
pudopoB U
koMmoHenT MCT
(MHUKpOCHCTEMHOMR
TEXHUKH)

OHepreTudeckue CeKTpsl
3JIeKTPOHOB B MeTajllax,
MIOJTYTIPOBOTHHKAX,
JMUDIIEKTPUKax. 30Ha
MIPOBOJIUMOCTH U BaJICHTHAs
30Ha. DIEKTPOHBI U JABIPKH.

D¢ dexTuBHAL Macca MEKTPOHA.
OkcutoHsl. COOCTBEHHBIC U
MIPUMECHBIE MTOTYIPOBOTHHUKH.
JIoHOpHBIEC N aKLENTOPHbIE
npuMecH. KoHTakT Metasmi-
NOJIyIIPOBOIHUK. Teopus
[lTorTku. BonpT-aMnepHas
xapakTepucTika. OMUYeCKun
KoHTaKT. ConocTaBieHue ¢ p-1
nepexonoM. CTpyKTypa MeTai-
JVJICKTPUK-TIONYTPOBOIHUK.
30HHas [UarpamMMa u ee u3-
MEHEHHE TIPH MIPUIIOKEHUT
HanpspkeHus. Poib
MTOBEPXHOCTHBIX COCTOSIHUH,
TIOJIBMKHBIX M HETIOIBIKHBIX
3apsA0B B TudNIeKTpuke. O0mue
CBOMCTBA MOJIyIIPOBOJHUKOB.
IIpupona xumMuue-ckoi cBs3u.
CTpyKTypa KpHUCTAJIIOB.
WneanbHble U peaib-Hble
KpHucTamisl. JledexTs! B
kpuctamiax. CBoicTBa oc-
HOBHBIX MOHOKPHCTAJUTMYECKHX
MaTepHalioB MUKPOIJIEK-
tponuku: Si, GaAs u ap.
[Nonukpucrammnueckue u
amMopd-HbIe TOITYIPOBOJHHUKH.
Obu1me cBoiicTBa
NoIynpoBOoAHUKOB. [Tpupoaa
XUMHUYecKoi cBsizu. CTpyKTypa
KpucTaJsioB. MaeanbHbie u
peanpHBIe KpUCTaILTEL. JledekTrr
B KpHucTamnax. CBolCTBa
OCHOBHBIX
MOHOKPHCTAJLTHYECKHX
MaTepHuaaoB
MHKpPO3JIeKTpoHHKHU: Si, GaAS u
ap. [onukpucramumyaeckue 1
amMopd-HbIe TOITYIPOBOJHHUKH.
OCHOBBI CTATUCTHYECKON
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¢usuku. OyHKIUA
pactpeaenenust Gepmu-/{upaka.
KoHIeHTpamys 31eKTpOHOB U
IBI-POK B 30HAX U UX
TEMIIEPaTyPHBIE 3aBUCHMOCTH.
Pacnpenenenne Makcpenna-
Bonsumana. Kpurepuit
BBIPOKICHUS 3JIEKTPOHHOTO
ras3a. BepoxxaeHHble 1
HEBBIPOXKICHHbBIE
MOJTYNIPOBOIHUKHU. OCHOBEI
CTaTUCTHYECKOH (DU3HKH.
OyHKIMS pacupeaeIeHNs
®epmu-/lupaka. Konuenrpanus
3JIEKTPOHOB U JBIPOK B 30HAX H
UX TEMIepaTypHbIC
3aBUcuUMocTH. PactipenencHue
Makcsenna-bonpmana.
Kputepuii BeIpoxkaeHUs
3JIEKTPOHHOTO rasa.
BrIpoxxaeHHbIe U
HEBBIPOXKICHHBIE
MIOJTYTIPOBOTHHUKH.
PexomOnHanms HocuTenei
3apsiga. PexomOmHamus "30Ha-
30Ha" ¥ PEKOMOMHAIIHS Yepe3
npuMecH 1 fedexTrl. Teopus
pexomoOunanuu [loxnmm-Puna.
Hduddy3nonnas niauHA 1 BpeMs
JKU3HU HOCUTEJICH.
IToBepxHOCTHAsA peKOM-
OuHanus. PexomOnHanust
HOcuTeNel 3apsaaa.
PexomOuHanus "30Ha-30Ha" U
pEeKOMOUMHALMS Yepe3 NPUMECH
u nedextsl. Teopus
pexomoOunanuy Lloxnmm-Puna.
Hduddy3nonHas miuuHA U BpeMs
KHU3HU HOCUTEJIEH.
IToBepxHOCTHAsT peKOMOMHANHS.
TpaH3uCTOPHEIH AP PEeKT.
3oHHas quarpamma
MOJIYTIPOBOTHUKOBOM
CTPYKTYPBI € ABYMSI OJIM3KO
PacToNIOKEeHHBI-MH P-N
nepexoaamu. KoaddunueHt
nmkeknuu. Koapoumment
repeHoca HocuTesel uepes
6a3y. KoapdumuenT ycmneHus
TPaH3UCTOPA. DIEKTPOHHO-
IBIPOYHEIH (p-N) Iepexo.
WHKeKnust ¥ 9KCTPaKIus
HEOCHOBHBIX HOCHUTEJIEH 3apsa.
BoubT-amniepHas
XapaKTCpUCTHKA p-N nepexonaa.
Toxku HocuTenei 3apsaa B p-n
nepexozne, ksasuyposuu depmu.
I'eneparus 1 pekoMOMHALIHS
HOCcHUTeNeH B p-N nepexoe.
Bapbepnas n muddysnonnas
eMKOCTb. YacTOTHBIE U
HMIIyJbCHBIE CBOW-CTBA.
[Tpo0oii p-n mepexona:
TETUIOBOM, JITABUHHBIM,
TYHHEJBHBIA. DIEKTPOHHO-
JOBIPOYHEIN (p-N) mepexo.
WmxeKknus U SKCTpaKIus
HEOCHOBHBIX HOCHUTEJIEH 3apsia.




Bonbsr-amnepHas
XapaKTepUCTHKa p-N mepexoja.
Toku HOCUTENEH 3apsaa B p-N
nepexojie, KBa3uypoBHu Pepmu.
I'eneparus 1 pekoMOMHALIHS
HOCHTENEHN B p-N mepexoze.
Bapbepnas n muddysnonnas
eMKOCTb. YacToTHbIE U
UMITyJIbCHBIE CBOicTBa. [1po6oit
p-N mepexoa: TEIUIOBOH,
JIABUHHBIN, TYHHEIIbHBIN.
DNEKTPOIPOBOIHOCTh
oTynpoBogHUKOB. Hocurenn
3apsiga B cmabom
JNIEKTPUUECKOM MOJIE.
BsanmopeticTBue ¢ poHOHAMH,
MIPUMECHBIMH aTOMaMH,
nedexramu. [TogBHKHOCTD
3JIEKTPOHOB U BIPOK. Y CIIOBHE
3EeKTPOHEUTPATIBHOCTH.
Huddysus u qpeiid HocuTemnei
3apsana. CoOOTHO-IIeHHE
Oiinmteitna. Hocurtenu 3apsna B
CHJIBHOM 3JIEKTPHYECKOM TOJIE.
l'opsiune snexktponsl. JlaBuHHOE
YMHOKCHHE B
TIOTYTIPOBOJHHUKAX.
DNeKTpuYecKre TOMEHbI 1
TOKOBEIE IMTHYPHL. D ekt
I'anna. YpasHenue 11
IUIOTHOCTH AJIEKTPUIECKOTO
TOKa B NOJIYIPOBOJHHKAX.
YpaBHEHME HENIPEPHIBHOCTHU.
VYpasuenue Ilyaccona
DNEKTPOIPOBOIHOCTh
oTynpoBofHUKOB. Hocurenn
3apsiaa B cmabom
IIEKTPUUECKOM TIOJIE.
BsaunmopeticTBre ¢ poHOHAMH,
MIPUMECHBIMH aTOMaMH,
nedexramu. [TogBrxHOCTH
3JIEKTPOHOB U JBIPOK. Y CIOBUE
3JIEKTPOHEUTPAIILHOCTH.
Huddysus u apeiid Hocureneit
3apsana. COOTHOIIEHHE
Oiinmteitna. Hocurenu 3apsna B
CHJIBHOM 3JIEKTPHYECKOM HOJIE.
l'opstune snextponsl. JlaBuHHOE
YMHOXEHHE B
TIOJTYTIPOBOTHHUKAX.
DNeKTpuYecKre TOMEHbI 1
TOKOBEIE THYPHL. D ekt
I'anna. YpasHenue s
IUIOTHOCTH HJIEKTPHIECKOTO
TOKa B IOJTYIIPOBOJJHUKAX.
YpaBHEHME HENIPEPHIBHOCTHU.
Ypasuenue [lyaccona

IIK.1.B

yl. YMets
OJIb30BATHCS
KJIACCUYECKOMN
Teopuei
TIOJTYTIPOBOJHUKOBBIX
ipudopoB

I'erepoctpykTypsl. 30HHAS
Jauarpamma retepo- p-n me-
pexona. Koaddumument
nHxeknuu. CynepuHKeKIusl.
OpnunHapHbIe U ABOHHBIE
reTepOCTPYKTYphl. 30HHAs
TEOpHsl TBEPJOTO TeNa.
OHepreTudeckue CreKTpbl
9JIEKTPOHOB B MeTajlIax,
MTOJTYTIPOBOTHHUKAX,
JUDJIEKTPUKax. 30HA

HET

3ader, Bompockl ¢ 46
mo 91




MIPOBOJUMOCTH U BaJICHTHAs
30Ha. DJIEKTPOHBI U IBIPKH.
OddexTuBHAS Macca dIEKTPOHA.
Okcuronsl. COOCTBEHHBIE U
MIPUMECHBIE TTOTyTIPOBOTHUKH.
JIOHOpHBIE U aKLIETITOPHBIE
npumecu. M3imyuenue
MOJTYyNIPOBOIHUKOB. IIpsiMble 1
HeTpsMBbIE IIepeXo0 bl HOCUTENeH
3apsaa. Bunael mromuHecnieHnuu:
HMH)XEKIMOHHAs, KaTo10-,
¢doromromunecteHys. CrekTpsl
u3ny4deHus. KBaHTOBBIN BBIXOJ.
BriBog uznyuenus u3
MTOITyTIPOBONHUKOB. KOHTaKT
METaJUT-TIOTYIPOBOTHHK.
Teopus oTtTku. BonbT-
aMIepHas XapakTepUCTHKA.
OMuuecKkuif KOHTaKT.
ComnocTrasneHue ¢ p-1
nepexonoM. CTpykTypa MeTall-
JU3JIEKTPUK-TIONYIPOBOAHUK.
30HHas quarpamma U ee u3-
MEHCHHE TIPH TIPIIIOKECHIH
HanpsDKeHUs. Poib
MTOBEPXHOCTHBIX COCTOSIHUH,
TTOIBMYKHBIX M HETIOJBIKHBIX
3aps/IoB B TUDJICKTPHUKE.
JlazepHslit 3 dexT B
oJIynpoBoaHUKax. OnTHYecKuit
pe30HaTOp, YCUIICHHUE U
re”Hepauus cseta. Iloporosslit
Tok O6mue cBoiicTBa
oaynpoBoAHUKOB. [Ipupoaa
XUMHU4e-CKOH cBs3u. CTpyKTypa
kpucrtaioB. MneansHbie 1
peaib-HbIe KPUCTAILIBL
JedekTr B KpucTaiax.
CBoiicTBa OC-HOBHBIX
MOHOKPHCTAIUTHYECKIX
MaTepHaIOB MUKPOAIICK-
tpouuku: Si, GaAS u nip.
ITonukpucraminueckue u
amop(-HbIe TOJYITPOBOAHUKH.
O6urme cBoiicTBa
MoJIyNpoBOAHUKOB. [Tpupoaa
XUMHU4eckol cBsizu. CTpyKTypa
kpucrauioB. MneansHbIe 1
peanbHBIe KpUCTAILIEL. JledekThr
B KpucTamuax. CoiicTBa
OCHOBHBIX
MOHOKPHCTAIUTHYECKIX
MaTepHajoB
MHKPO3JIeKTpOHUKH: Si, GAAS u
np. Ilonukpucranindeckue u
amopd-HbIe TOITYIPOBOJHHUKH.
OCHOBBI CTaTUCTHYECKOMH
¢u3nkn. OyHKINA
pacnpenenenust ®epmu-Jlupaxa.
KoHueHTpanus 31eKTpoHOB U
JBI-POK B 30HaX U UX
TeMIIepaTypHbIE 3aBUCIMOCTH.
Pacnpenenenne Makcgeinna-
Bonsimana. Kpurepuii
BBIPOXKICHUS 3JIEKTPOHHOTO
raza. BeipoxaeHHbie 1
HEBBIPOXKICHHBIE
OJTynpoBOTHUKH. OCHOBBI




CTaTUCTHYECKOH (DU3HUKH.
OyHKUMS pacrpeneeHus
®epmu-/lupaka. Konnentpanus
3JIEKTPOHOB U JBIPOK B 30HAX H
UX TEMIEpaTypHbIC
3aBUcuUMocTH. PacnipenencHue
Makcsenna-bonbimana.
Kpurepwuii BeIposxaeHUs
3JIeKTPOHHOTO rasa.
Bripoxnennsie u
HEBBIPOJK/ICHHBIC
TIOJTYIPOBOTHUKY.
PexombuHanust HocuTeaen
3apsiia. PexomOunHamms "30Ha-
30Ha" ¥ PEKOMOMHAITHS Yepe3
npuMecH u aedexTsl. Teopus
pexomOunanuy [okmm-Puna.
Huddy3nonnas niumHa U BpeMs
JKU3HU HOCUTEJICH.
IToBepxHOCTHas peKOM-
OuHanus. PexomOnHaus
HOcUTeNeH 3apsja.
PexomOuHanus "30Ha-30Ha" U
PEKOMOMHAIHS Yepe3 NPUMECH
u nedextsr. Teopus
pexomoOunanuu [loxknmm-Puna.
Hduddy3nonnas nimHA 1 BpeMs
KHU3HU HOCUTEJICH.
IToBepxHOCTHAs peKOMOMHALIHS.
TepMonnekTpuuecKkue sSBJICHHUS.
TepMmo- u rapBaHO-MarHUTHBIE
a¢dexTsl. D dekT Xora.
O1eKTpo-, MarHuTO-,
aKyCTOONTHYECKUE dPPEKTHI.
IToBepXHOCTHBIE aKyCTHUECKUE
BOJHBI. TpaH3UCTOPHBIN
a¢¢ekt. 30HHAS TUarpaMMa
IOy IPOBOTHUKOBOM
CTPYKTYPBI C IBYMSI OJIN3KO
PacIoI0KeHHBI-MH P-N
nepexoxamu. Kosppumment
umkekun. Koaddunuent
nepeHoca HOCHUTEJNeH uepes
6a3y. KoaddumueHt ycuneHus
TPaH3UCTOPA.
DOTOINEKTPUUECKUE ABJICHUS B
TIOJTYTIPOBOTHHUKAX.
[Nornomenue u3ry4eHus:
COOCTBEHHOE M IPUMECHOE,
SKCUTOHHOE 1 Ha CBOOOTHBIX
Hocurensax. 3akoH byrepa.
KpacHas rpanuIa noriaomeHus.
DOTONPOBOAUMOCTb.
CriexTpanbHas XapaKTepUCTHKA.
doToBOIBTAaNYECKHUH 3(-PEKT B
p-n mepexone. DIEKTPOHHO-
JOBIPOYHBIN (p-N) mepexo.
WHKeKIHs ¥ OKCTPaKIHsI
HEOCHOBHBIX HOCUTEJIEH 3apsia.
Bonber-amnepHas
XapaKTepucTHKa p-N mepexoja.
Toxu HocuTenei 3apsaa B p-n
repexojie, KBasnypoBHU Depmu.
I'eneparnus 1 pekoMOMHALIHS
HOcHUTeNEH B p-N nepexo/ie.
BaprepHas u nuddy3noHHas
€MKOCTb. HacTOTHBIE U
HMMITyJIbCHBIE CBOM-CTBA.




[Ipo0oii p-n nepexona:
TCIIOBOM, TABUHHBIN,
TyHHEIbHBIA. DJIEKTPOHHO-
JBIPOYHBIH (P-N) MEpPexoI.
WHKeKIus ¥ SKCTPAKIHS
HEOCHOBHBIX HOCUTEJEH 3apsiza.
BonbT-amnepnas
XapaKTepUCTHUKa P-N mepexosa.
Toxu HOcuTenel 3apsaa B p-n
nepexoje, kBazuypoBHUu Depmu.
I'enepanus u pexkoMOUHaLUS
HOCHUTENEHN B p-N nepexo/e.
Baprepnas u nuddy3noHHas
eMKOCTb. YacTOTHBIE U
WMIYJIbCHBEIE cBoMcTBa. [Ipoboit
p-N mepexona: TEMIOBOM,
JIABUHHBIN, TYHHEIbHBIH.
OIEeKTPOIIPOBOTHOCTH
nosynpoBogHuKoB. Hocurenu
3apsana B ciaboM
ANEKTPUUYECKOM TIOJIE.
B3anmopeiictBue ¢ poHOHaMMU,
MIPUMECHBIMH aTOMaMH,
nedexramu. [TogBmKHOCTH
3JIEKTPOHOB U JBIPOK. Y CIOBHE
JIEKTPOHEUTPATBEHOCTH.
Huddyzus u npetid HOCUTETCH
3apsina. CooTHO-IICHHE
Oiinmreiitna. Hocurenu 3apsna B
CHJIBHOM 3JIEKTPUYECKOM TI0JIE.
I'opstune anexrponsl. JlaBuHHOE
YMHO)XEHHE B
MIOJTyIIPOBOTHUKAX.
DneKTpuuecKue JOMEHbI U
TOKOBBIE HIHYPBI. DhheKrT
lanna. YpaBuenue s
IUTOTHOCTH 3JIEKTPHIECKOTO
TOKa B ITOJIYIPOBOTHUKAX.
YpaBHEHNE HETIPEPHIBHOCTH.
Vpasuenue [lyaccona
DIeKTpONpOBOIHOCTh
noiynpoBogHUKOB. Hocurenu
3apsana B caboM
3NEKTPUYECKOM TIOJIE.
B3aunmopeiictBue ¢ poHoHaMMU,
HNPUMECHBIMH aTOMaMH,
nedexramu. [TogBrxHOCTH
JIEKTPOHOB U JBIPOK. Y CIOBUE
IEKTPOHEUTPATBEHOCTH.
Huddyzus u npetid HocUTENCH
3apsina. CooTHOIIEHHE
Oiinmreitna. Hocurenu 3apsna B
CHJIBHOM 3JIEKTPUYIECKOM TI0JIE.
I'opstune snextpossl. JlaBuHHOE
YMHO)XEHHE B
MTOJTYTIPOBOTHUKAX.
DneKTpuuecKne JOMEHbI U
TOKOBBIE MIHYPHL. D dexT
l'anna. YpaBHenue s
IUIOTHOCTH AJIEKTPUYECKOTO
TOKa B MOJIYINPOBOJHHUKAX.
YpaBHEHHE HENPEPBIBHOCTH.
Ypasuenue Ilyaccona




2. MeToaMKa OLEHKH 3TANOB ()OPMHPOBAHUSI KOMIIETeHIIHII B paMkax MoayJas ""TeepaorenbHas
3JIEKTPOHHUKA, PAIMO0YICKTPOHHBIC KOMIIOHEHTBI, MUKPO- H HAHOJ/IeKTPOHUKA, IPHOOPHI Ha
KBAaHTOBBIX 3¢ PpexTax (MoayJib)" 10 MaTepuaIaM TUCHUIIIHHBI.

[IpomexxyTounast arrecraiuga 1o MoayJaw ''TBepaoresbHasi JIEKTPOHHMKA, PAAHOIIEKTPOHHBbIE
KOMIIOHEHTBbI, MUKPO- M HAHOYJIEKTPOHMKA, NMPUOOPBI HAa KBAHTOBBLIX 3(pdexTax (Moay.ab)'" mo
MaTepuajiaM JAUCHHUILUIMHBI NPOBOIUTCS B 4 cemecTpe - B ¢opme auddepeHIMpoBaHHOTO 3a4erTa,
KOTOPBII HanpaBJIeH Ha OeHKY copmupoBanHocTH KommnereHuumi [1K.1.B.

B Ounere nBa Bompoca. Ha moaroroBky oTBera acnupanTy oTBoauTcss 60 MuHyT. OTBET IPOU3BOIUTCS Y
JIOCKH B YCTHO (TUCBMEHHOIT) hopme.

OO0u1me npaBuiia BEICTABJICHUS OLIEHKHU 10 AUCLUILIMHE ONPEAEIA0TCs 0aliIbHO-PEUTUHTIOBON CUCTEMOH,
NpPUBEJICHHOM B pabouyeil mporpamme Moayis "TBeproTenbHas 3JIEKTPOHUKA, PaJUOIIEKTPOHHBIC
KOMITIOHEHTbI, MUKPO- U HAaHORJIEKTPOHHKA, TPUOOPBI HA KBAHTOBBIX 3¢ (dexTax (MOoAyIp)" o MaTepuaiaMm
JUCLUTIIINHBL.

Ha ocHOBaHMM NpHUBEIEHHBIX Jajie€ KPUTEPUEB MOXKHO celaThb OOLIUI BBIBOJ O COPMHPOBAHHOCTHU
xomnereHuuu [1K.1.B, 3a koTopble OTBEUaET NMCLUUIUIMHA, HA PA3HBIX YPOBHSX.

O0umas xapakTepuCcTUKA YPOBHEH OCBOCHHUSI KOMIIETECHIHI.

Hu:ke moporoBoro. YpoBeHb BBINOJHEHHS PabOT HE OTBEYaeT OOJIBIIMHCTBY OCHOBHBIX TpeOOBaHUM,
TEOPETUYECKOE COJIEPKAHNE Kypca OCBOCHO YaCTUYHO, IIPOOENbl MOI'YT HOCUTbH CYILIECTBEHHBIN Xapakrep,
HEOOXOAMMBIE PAKTUIECKHE HABBIKH PA0OTHI C OCBOCHHBIM MaTepHajIoM c(pOpMUpPOBaHBI HE JOCTATOYHO,
OOJBIIMHCTBO NPEIYCMOTPEHHBIX IMPOrpaMMON OOydeHHUs y4yeOHbIX 3aJaHMi HE BBINOJHEHbI WIN
BBITNIOJIHEHBI C CYIIECTBEHHBIMU OLIMOKaMHU.

IloporoBblii. YpoBeHb BBIIOJHEHUS PAa0OT oOTBeYaeT OOJBIIMHCTBY OCHOBHBIX TpeOOBaHUH,
TEOPETUYECKOE COJIEPKAHUE Kypca OCBOEHO YaCTUYHO, HO MPOOEIIbl HE HOCST CYLIECTBEHHOTO XapaKTepa,
HEOOXOMMBbIEC MPAKTHUECKHE HABBIKA PAOOTHI C OCBOCHHBIM MAaTE€pPHAJIOM B OCHOBHOM C(OPMUPOBAHEI,
OOJIBIIMHCTBO MPEAYCMOTPEHHBIX IPOrpaMMoOi 0OydeHUs y4yeOHbIX 3a/JlaHuil BBINOJIHEHO, HEKOTOPbIE
BUJIBI 33/1aHUH BBITIOJHEHBI C OIIMOKAMH.

BazoBblii. YpoBeHb BBINOJHEHHS pabOT OTBEYAET BCEM OCHOBHBIM TpEOOBaHUSM, TEOPETHUYECKOE
COJIEpKaHUE Kypca OCBOEHO IOJIHOCTBIO, 0€3 MpOoOenoB, HEKOTOPbIE MPAKTUYECKHUE HAaBBIKU PAOOTHI €
OCBOCHHBIM MaTepuanoM c(hOopMUpPOBaHbl HEIOCTATOYHO, BCE MPEAYCMOTPEHHBIE MPOrpaMMoi 0OyueHHs
yueOHbIE€ 3aJJaHUs BBIIIOJIHEHBI, KAYECTBO BBIMOJIHEHUS HU OJHOTO M3 HUX HE OLEHEHO MUHUMAJIbHBIM
YHCIIOM 0ayIoB, HEKOTOPbIE U3 BBIOJIHEHHBIX 3aJaHHH, BO3MOXKHO, COJEPKAT OMIMOKH.

IIpoaBuHYTHI. YpOBEHb BBINOIHEHUS pabOT OTBEYAET BCEM TPEOOBAHUSAM, TEOPETHUECKOE COAEpKaHHE
Kypca OCBOEHO IOJIHOCTHIO, 0€3 Mpo0esioB, HEOOXOAUMbIE MPAKTUUECKUE HABBIKU PabOThl C OCBOEHHBIM
MarepuasioM CcGOPMHUPOBAHBI, BCE MPEIYCMOTPEHHBIE MpPOTpaMMON oOOydeHus ydeOHbIe 3aJaHus
BBITTOJIHEHBI, KAYECTBO MX BBIITOJHEHHS OIICHEHO YHCIIOM 0aJIoB, OJIM3KUM K MAaKCUMAIIbHOMY.



DenepanbHOE TOCYAaPCTBEHHOE OI0KETHOE 00pa30BaTEIbHOE YUPEKICHHE
BBICITIETO 00Opa30oBaHUs
«HoBocubupckwii rocy1apcTBEHHBIN TEXHUYIECKIH YHHBEPCUTET»

Kadenpa obmieit puznku
Kadenpa momynpoBoJHUKOBBIX PUOOPOB U MUKPOIICKTPOHUKU
Kadenpa snexrpoHHBIX TpHOOPOB

ITacnopr 3a4era

o Moayiro "TBepaoTeNnbHAs ANEKTPOHUKA, PAIHOIIEKTPOHHbIE KOMIOHEHThI, MUKPO- U
HAHO3JICKTPOHUKA, IPUOOPHI HA KBAHTOBBIX d(dekTax (MOAyIb)" MO MaTepruaiaM JUCITUTLIAHBI
«CrnenuanbHble I1aBbl HAPaBICHUSA», 3 ceMecTp

1. Meroauka oLeHKH

3aver mpoBOIUTCS B YCTHOM (popme, mo Omneram. buner ¢opmupyercs 1o CleayromeMy
NpaBHITY: TIEPBBIN BOIPOC BRIOMPAETCS U3 TUaria3oHa BOonpocoB 1 — 45, BTopoit Borpoc 13 Juara3oHa
BOIpocoB 46 — 91 (crucok BOIIPOCOB MPHBEICH HIDKE). B X07€ dK3aMeHa IMperoaBarellb BIIPaBe
3a/1aBaTh CTY/ICHTY JOMOJHHUTEIIBHBIC BOIPOCHI U3 00IIero repeyns (11. 4).

®opma OmiIera 1JId 3a4era

HOBOCHWBUPCKUI TOCY JAPCTBEHHBIM TEXHUYECKWM YHUBEPCUTET
daxynpTeT POD

Buixer Ne 1
K 3aquy 10 JUCIIUITIJIINHEC «CHCIII/IEU'IBHBIG TJIaBBbI HaHpaBJ’IeHI/Iﬂ»

1. 3oHHas Teopus TBEpAOIO Tea.
2. Tpan3ucTopHbIid 3P PeKT.

VYTBepxnato: 3aB. kapenpoit [1ITuMD npod. B.A. T'aiicnep

(Toamuck)

«23» urong 2017 1.

2. Kpurepun ouenku

* OrtBeT Ha OWJIET JIIS 3a9eTa CUNTACTCS HEY0BJIETBOPUTEIbHBIM, €CITH CTYJICHT ITPH OTBETE HA
BOMPOCHI HE JaeT OMNpeeNieHW OCHOBHBIX IOHSTHI, HE CHOCOOEH MOKa3aTh MPHYUHHO-
CIICJICTBEHHBIC CBSI3W SIBJICHHM, PU PEIICHUN 3a/1a4H JIOMYCKAeT MPUHITUITHAIBHBIC OIINOKH,
onenka coctasisgeT 0 — 49 oannos.

* OrtBeT Ha OWJIET JIIs 3a4eTa 3aCYUTHIBACTCS Ha MOPOrOBOM YPOBHE, €CITH CTYJCHT TP OTBETE
Ha BOMPOCHI JIae€T OIpENeIIeHUE OCHOBHBIX TOHSATHA, MOXET TOoKa3aTh MPUYUHHO-
CIICJICTBEHHBIC CBSI3U SIBJICHHWM, MPU PEIICHUH 3a7add JOIYCKaeT HENPHUHIUITHATBHBIC
OIIMOKH, HAPUMED, BBIUUCIUTENbHBIC, OlIEHKa cocTaBiseT 50 — 66 6anios.



* OrtBer Ha Oujer Iy 3adeta OWMJIET 3aCUMTHIBAeTCS Ha 0a30BOM YpPOBHE, €CIU CTYICHT IpU
OTBETE Ha BOMIPOCH (HOPMYJIHPYET OCHOBHBIC MOHSTHUS, 3aKOHBI, AT XapaKTEPUCTUKY
IIPOLIECCOB,  SBJICHUH, NIPOBOAUT aHAIW3 [PUYUH, YCIOBUW, MOXET IIPEACTABUTH
KAUeCTBCHHBIC XaPAaKTEPHCTHKH IPOIECCOB, HE JOMYCKAeT OMMOOK MpPU PELICHHU 3a1ayH,
olieHKa cocTaBisieT 67 — 86 b6annos.

* OtBer Ha Owiier Ui 3a4eta OMJIET 3aCUUTHIBACTCS HA NMPOABHHYTOM YPOBHE, €CIIU CTYICHT
IIPY OTBETE Ha BONPOCHI IPOBOJUT CPABHUTEIBHBIA AaHAINW3 IOAXOAOB, IPOBOJIUT
KOMIUICKCHBI aHaJn3, BBIBISICT HPOOJEMBI, MPEAIaraeT MEXaHU3MbI PELICHHs, CIIOCOOCH
nNpeaACTaBUTb KOJMYCCTBCHHBIC XAPAKTCPUCTUKHU OHNPCACICHHBIX IMPOUCCCOB, IMMPUBOAUT
KOHKPETHBIC NPUMEPBI U3 TPAKTUKH, HE TOMYCKAeT OMHMOOK M CIIOCOOCH 000CHOBATH BBHIOOP
METO/1a peulieHus 3aaa4uu, orenka cocrasmuser 87 — 100 oannos.

3. IlIkana oueHKH

MaxkcumanbHbIi 06aJ11, KOTOPBIA CTYJCHT MOKET Ha0paTh B X0Jie caauun 3a4€ra, paBeH 20, TaKuM

oOpa3om, K03 uieHT nepecuéra 0aaIoB SK3aMeHa B UTOTOBbIE OAJUIBI 110 JTUCIUILINHE PaBeH
0,2.

OneHka «Hey/AoBJIeTBOPUTEJIbHO» (o1ieHKH F, FX) cTaBuTcs B citydae, eciau CTyJ€HT OTBEYaET
Ha Hey/l0BJeTBOPUTEJbHOM YpOBHE, M HaOMpaeT Mo CyMMe OTBETOB Ha Bce Bompockl oT 0 1o
9,6 UTOTOBLIX 0OAJIIIOB.

OreHka «ynoBiieTBOpUTENBLHO» (ouieHKH E, D-, D) craButcs B ciydae, €ciid CTYJCHT OTBEYacT
Ha MOPOroBoM ypoBHe, U HabupaeT oT 10 no 13,2 GamioB, a Takke Ha 6a30BOM YPOBHE, €CIIU
HaOpaHHBIM MM MTOTOBBIA 0ajul MO CyMME OTBETa Ha BCE BOMPOCHI HAXOIUTCS B IMpEnesax OT

13,4 o 14,4 (ouenku D+ u C-).

Onenka «xopomo» (ouenku C, C+, B-, B) ctaBuTcs B ciiydae, eciM CTYACHT OTBEYaeT Ha
0a3o0BoM ypoBHe, 1 HabupaeT oT 14,6 10 17,2 uToroBeix 6AIIOB.

Ouenka «oTan4Ho» (ouenku B+, A-; A, A+) ctaBuTcs B cilydae, €CIM CTYJCHT OTBEYAeT Ha
NPOJABHHYTOM YpOBHE, 1 Habupaet oT 17,4 10 20 UTOroBHIX OAIIOB.

3adeT cunTaeTCs CIAaHHBIM, €CITM cCyMMa OajuToB O BCEM 3a/IaHMsIM OWIIeTa OCTaBIISIET HE MEHEe
10 uroroBbix 6amioB (13 20 BO3MOXKHBIX).

B o061eit onieHke no AuCUMILIMHE OaJlIbl 32 3a4eT YYUTHIBAIOTCS B COOTBETCTBUH C ITPaBUIIAMU
0aJUIbHO-PEUTUHTOBOM CHCTEMBI, IPUBEIEHHBIMU B paboueil mporpaMmme TUCIUILIMHBIL.

4. Bonpocsl K 3a4eTy no aucuuninHe «CnenuanabHble IJ1aBbl HANIPaBJIEHHD)
30HHAas TEOpHUs TBEPOTO Tea.

OHEepreTu4ecKue CIEeKTPhl AJIEKTPOHOB B METAJUIAX, TOIYIIPOBOAHUKAX, AUDIIEKTPUKAX.
30Ha IPOBOAMMOCTH U BaJICHTHAsI 30Ha.

ONEKTPOHBI U JBIPKU.

DddexTrBHAST Macca IEKTPOHA.

DKCUTOHBI.

CoOcTBEHHBIE U TPUMECHBIE MTOTYITPOBOAHHUKH.

JIOHOpHBIE U aKLEITOPHBIE IPUMECH.

. KoHTakT MeTami-noysynpoBoIHUK.

10. Teopus LlorTkwu.

11. BonpT-amnepHast XapakTepHUCTHKA.

12. OMuueckuii koHTakT. ConocTaBiIeHUE C P-T1 HEPEXOIOM.

13. CrpykTypa MeTami-Iu3JIeKTPUK-TIOTYIIPOBOAHUK.

OO N U R W



14.
15.
16.
17.
18.
19.
20.
1p.
21.
22.
23.
24.
25.
1p.
26.
27.
28.
29.
30.
31.
32.
33.
34,
35.
36.
37.
38.
39.
40.
41.
42.

30HHas AMarpaMMa U €€ U3MEHEHME MTPH NPUII0KEHUH HANIPSHKEHHUS.

Posib MOBEPXHOCTHBIX COCTOSIHUM, MMOABUKHBIX U HETIOJABUKHBIX 3aps/IOB B IUAIEKTPHKE.
OO01ue cBOMCTBA MOJIYIIPOBOIHUKOB.

[Ipupona XMMUYECKOM CBA3H.

CrpykTrypa KpucTaioB. MieanbHble U peanbHble KPUCTAIUIbI.

JledexThl B KpucTaymiax.

CBoiicTBa OCHOBHBIX MOHOKPHCTAJUIMYECKUX MaTE€pHajIoB MUKPOINEKTpoHUKHU: Si, GaAs u

[TonukpucTanuecKkie u aMmopQHbIe MOTYIPOBOIHUKH.

OO0m1re CBOMCTBA MOJYIPOBOTHUKOB.

IIpupoa XMMHUYECKOH CBS3H.

CrpykTypa KpucTauioB. MaeansHble U peanbHble KpucTauibl. JleexTsl B kpucTauiax.
CBoiicTBa OCHOBHBIX MOHOKPUCTAJUIMYECKUX MaTE€pHajIoB MUKPOIIEKTpoHUKHU: Si, GaAs u

[TonukpucTanuecKkue u aMmopQHbIe MOTYIPOBOIHUKH.

OCHOBBI CTATHCTHYECKON (PU3UKH.

Oynkuusa pacupenenenns Gepmu-/lupaxa.

KoHueHTpanus 37eKTpOHOB U JIBIPOK B 30HaX U UX TEMIEPATYPHbIE 3aBUCHMOCTH.
Pacnipenenenne Makcseinna-bonbimana.

Kputepuii BbIpOXKAEHUS 3JIEKTPOHHOIO ra3a.

BriposkieHHBIE U HEBBIPOXKICHHBIE MTOTYITPOBOAHUKHA. OCHOBBI CTATUCTHYECKON (DUBHKH.
Oynkius pacnpenenenus Oepmu-/lupaka.

KoHuenTpanus 3J1eKTpOHOB U JIBIPOK B 30HaX U UX TEMIIEPATYPHbIE 3aBUCUMOCTH.
Pacnipenenenne Makcgemna-bonbiMana.

Kputepuii BEIpOXKACHUS JIEKTPOHHOIO ras3a.

BbIpokIeHHBIE 1 HEBBIPOXKICHHBIE MTOJIYIIPOBOIHUKH.

PexomOuHaIust HocuTENEH 3apsiaa.

PexomOuHarus "30Ha-30Ha" U peKOMOMHAIUS Yepe3 MPUMECH U JIe(DEKTHI.

Teopus pekomObunanuu Lloknu-Puna.

Juddy3nonnas JiMHa U BpeMst )KU3HU HOCUTEJCH.

[ToBepxHOocTHas pekomOuHanusa. PekomOuHanust Hocuteneit 3apsaa. PexkomOuHaus "30Ha-

30Ha" ¥ peKOMOMHALUS Yepe3 MPUMECH U JePEKTHI.

43.
44.
45.
46.
47.

Teopus pekomOunanuu Lloknu-Puna.

Juddy3nonHas AnuHa U BpeMs )KU3HU HOCUTENEH.

[ToBepxHOCTHAs! pEKOMOMHAIIHS.

Tpan3ucTopHsbIif 3G PexT.

30HHas TUarpaMMa MoJIyIpPOBOTHIUKOBON CTPYKTYPHI C ABYMS OJM3KO PACIOI0KEHHBIMH P-N

nepexoaamu.

48.
49.
50.
51.
52.
53.
54.
55.
56.
57.
38.
59.
60.
61.

KoadunmenT nuxexuun.

Koadduiment nepeHoca Hocuteneii yepes 0asy.
Koad¢uimenT ycunenus TpaHsucTopa.
OIEeKTPOHHO-IBIPOYHBIH (P-n) MEpeXo.

WHxeKkus 1 3KCTpaKLKs HEOCHOBHBIX HOCUTENEH 3apsa.
BonbT-aMiepHas XxapakTepuCcTHUKa p-n IEpexoa.

Toxu HOCUTENEH 3apsAa B p-n niepexoe, kBaznypoBHu depmu.
['eneparus 1 peKOMOMHAIIUSA HOCUTENEH B P-N MEpeXo/ie.
baprepHas u nuddy3noHHas eMKOCTb.

YacToTHBIE U UMITYJILCHBIE CBOMCTBA.

[IpoGoii p-n mepexonaa: TEIIOBOH, JIABUHHBINA, TYHHEIIbHBIH.
ONEKTPOHHO-IBIPOYHBIN (P-n) NEPEXOA.

WHxexus 1 3KCTpaKLKs HEOCHOBHBIX HOCUTENEH 3apsa.
BonbT-aMnepHas XxapakTepUCcTUKa p-n Iepexoa.



62.
63.
64.
65.
66.
67.
68.
69.
70.
71.
72.
73.
74.
75.
76.
77.
78.
79.
80.
. DIIEKTPONIPOBOJHOCTD MOJIYIIPOBOJHUKOB.
82.
83.
84.
85.
86.
87.
88.
89.
90.
91.

81

Toxu HOcuTeEnen 3apsia B p-n nepexone, kBazuypoBHu depmu.
['enepanust 1 peKOMOWHAIUS HOCUTEJIEH B P-n TIEpexoie.
Bapnepnas u qudy3nonnas eMKOCTb.

YacToTHbBIE M UMITYJIbCHBIE CBOMCTBA.

[IpoGoii p-n mepexona: TEMIOBOH, JIABUHHBIM, TYHHEJIbHBIH.
DJIEKTPONPOBOIHOCTh MOJYIPOBOJHUKOB.

Hocurenu 3apsina B c1aboM 3JIEKTPHUECKOM TIOJIE.
BzaumopeiictBue ¢ hoHOHAMU, TPUMECHBIMH aTOMaMH, Je(pEKTaMu.
[ToBUKHOCTD 3IEKTPOHOB U JBIPOK.

VYcnoBue 35eKTpOHEHTPATbHOCTH.

Huddys3us u npeitd HOCuTENEH 3apsaa.

CooTHoleHne DIHIITEeWHA.

Hocurenu 3apsiia B CUIBHOM AJIEKTPUYECKOM I10JIE.

I'opstumne 35eKTpoHBbl. JJaBUHHOE YMHOKEHHE B MOJTYIIPOBOJIHHUKAX.
DNEeKTPUYECKHE JOMEHBI U TOKOBBIE IIIHYPBHI.

DddekTt ['anHa.

YPaBHeHI/Ie AJI TNIOTHOCTH 3JICKTPUYCCKOI'O TOKA B IMMOJIYIIPOBOJHUKAX.

VYpaBHEHHE HENPEPHIBHOCTH.
VYpasuenue [lyaccona

Hocurenu 3apsina B c1aboM 3JIEKTPHYECKOM TIOJIE.
BzaumogpeiictBue ¢ hoHOHaAMH, TPUMECHBIMH aTOMaMHU, Jie(heKTaMu.
[ToaBHKHOCTB NEKTPOHOB U JIBIPOK.

YcioBue 3JIEKTPOHEUTPAITBHOCTH.

ypaBHeHI/IC AJI TIJIOTHOCTH 3JICKTPUUYCCKOI'O TOKA B IOJYIIPOBOAHUKAX.

VYpaBHEHHE HEMPEPHIBHOCTH.

VYpasuenue [Iyaccona I'erepocTpyKTypsl.
30HHAas AuarpaMma retepo- p-n nepexoja.
Koo duuument nmxexkuun. CyrnepuHKeKIHs.
OnuHapHbIe U JBOMHBIE TETEPOCTPYKTYPHI.
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“YTBEPXIAIO”

JIEKAH PR®
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®OH/I OHEHOYHBIX CPEJICTB

MOJIY.JIS

TBepaoTeabHas 31eKTPOHUKA, PAAH03JIEKTPOHHbIE KOMIIOHEHThI, MUKPO- M HAHO3JIEKTPOHHKA,
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npuOOpbI Ha KBAaHTOBBIX AP (eKTax
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1. O0o0meHHasi CTPYKTYpPa (poHIA OLIEHOYHBIX CPEACTB MOAYJIA
O06o0menHas cTpykTypa (poHIa OIEHOYHBIX CPEACTB IO MOAYJIAK TBepaoTenbHas dJIEKTPOHUKA,
PaIMO3IEKTPOHHBIE KOMITIOHEHTBI, MUKpPO- M HAHOXJIEKTPOHHMKA, MPUOOPHI Ha KBAaHTOBBIX 3(¢eKrTax

(MOTyI1B)
B COCTaBE JUCIMILINH:

CriennanbHble T1aBbl HAIIPABIICHUS

KOMIOHEHTBI MUKPOCUCTEMHON TEXHUKU
JucuuiuinHa 1o BbIOOpY acnupanTa: TeXHOJIOTMYeCKHe IMPOLECChl MUKPOIIEKTPOHUKH; TexHonorus
pruOOpPOB MUKPOCUCTEMHON TEXHUKH

npuBeeHa B Tabnuiie.

Tabauma

®opmupyembie
KOMIEeTEeHI[HH

IToxa3arean
chopMUpPOBAHHOCTH
KOMIIeTeHI Uil (3HaAHMS,
YMeHUsl, HABbIKH)

JAuciuminHbI

I1K.1.B rotoBHOCTE
MIPOEKTHPOBATH Pa3IHIHBIC
THUTBI TTOTYTIPOBOTHUKOBBIX
prOOPOB ¥ KOMIIOHEHT
MHUKPOCHCTEMHOHN TEXHUKA

31. 3HaTh NPUHLUIIBI PAOOTHI
OCHOBHBIX THIIOB
MOJTYTIPOBOJHUKOBBIX
puOOPOB ¥ KOMITIOHEHT
MCT (MuKpOCHCTEMHON
TEXHHUKH )

Jucuunnuna:"CrieruanbsHble T1aBbl HalIPaBICHUSA

I[IK.1.B

31. 3HaTh MPHUHIHUIEI PAOOTEI
OCHOBHBIX THIIOB
MOJTYTIPOBOTHUKOBBIX
pUOOPOB M KOMIOHEHT
MCT (MuKpocucTeMHO
TEXHUKN)

Jucnuminza:"KoMIOHEHThl MUKPOCUCTEMHOM TEXHUKU

IIK.1.B

yl. YMeTh monp30BaThest
KJIACCUYECKOU Teopueil
HOJTYTIPOBOJHUKOBBIX
mpuOOpoB

Jucunnnumna:"CrieniuanbHble TIaBbl HAIIPaBICHUS

TIK.2.B roTOBHOCTBIO K
MPUMEHEHUIO CTATUCTHICCKIX
METOJIOB B
PaIuOIOKAMOHHBIX U
PaarOHABUTAIIMOHHBIX
cUCTEMAaxX

31. 3HAaTh KJIACCHYECKHUE
TEXHOJIOTHYECKHE TIPOIECCHI
W3TOTOBIICHUS
MHTETPATBHBIX MUKPOCXEM
1 MUKPOCHUCTEMHOM
TEeXHUKU

Jucnuminza:"TexHosoruueckue npouecchbl MUKpO3JIEKTPOHUKHI

IIK.2.B

31. 3HATH KIIaCCHYECKHE
TEXHOJIOTHYECKUE MPOIECCHI
N3TOTOBJICHUSA
I/IHTeraJ'H)HI)IX MI/IKpOC)(eM
U MHKPOCHUCTEMHOM
TEXHUKHA

JucunnnuHa: " TexHoaorus npuéopoB MUKPOCHCTEMHOMN TeXHUKH

I[IK.2.B

yl. ymeTs nonp3oBarbscs
YHUCIICHHBIMU MOJICIISIMH
TEXHOJIOTUYECKUX
HPOLIECCOB

JucnumumHa: " TexHonorus nprOOpOB MUKPOCUCTEMHOM TEXHUKH

I[IK.2.B

yl. ymMeTb nosip30BaThCs
YHUCIIEHHBIMU MOJIEIISIMH
TEXHOJIOTUUECKHX
HPOLIECCOB

Juciuminza:"KoMIOHEHThl MUKPOCUCTEMHOM TEXHUKU




I[IK.2.B yl. ymeTs nonbp3oBaTecs JucuunnuHa:"TexHOIornuecKre Mporecchl MUKPOIIEKTPOHUKU
YHCIIEHHBIMH MOJEISIMHU
TEXHOJIOTHYECKUX
MPOLIECCOB

2. Meroauka oneHku 3TanoB GopMUPOBaHNSI KOMIIETEHIMA B paMKax MOIYJIS.

[TpomMexxyTodHast aTTecTalys Mo MOAYJIK POBOAMUTCS B 3 ceMecTpe - B ¢opMe 3adera, B 4 cemecTpe - B
dbopme 3adera, B 5 ceMecTpe - B (opMe 3K3aMeHa, KOTOPBIM HANpaBJICH HAa OIEHKY c(hOPMUPOBAHHOCTH
kommerennuii [1K.1.B, IIK.2.B.

3ayer B 3 cemecTpe NPOBOJAUTCA B TNHCbMEHHOM (opMe, C TOCIEAYIOIMIMM YCTHBIM
cobeceoBaHMEM TI0 BOIIpOCcaM OmiieTa M JIOMOJHUTENbHBIM BorpocaM. B Gumiiere 2 Bompoca. Bompocst
OpUBEJCHBI B IAcIOpTe€ 3adeTa, IO3BOJSIOIIME OIEHUTh MOKa3aTrenu  CHOPMHUPOBAHHOCTU
COOTBETCTBYIOLIMX KOMIETeHIUH. BpeMst moaroToBku oTBETOB HA BONpockl 60 MuHYT. OTBET POXOAUT Y
nocku. [IpenogaBatens BrpaBe 3a1aBaTh JOMOJIHUTEIBHBIE BOIIPOCHI.

3ayer B 4 cemecTpe MPOBOAUTCS B MUCBMEHHOM (hopMe, ¢ TIOCIEYIONINM YCTHBIM
cobecetoBaHMEM IO BOIIpocaM OMIIeTa ¥ JOMOJHUTENIBHBIM BorpocaM. Ha moArotoBky acnupanrty
orBoautcst 60 MunyT. B Omitere 2 Boripoca. Bonpock!l mpuBeieHb! B TacopTe 3aueTa, O3BOJISIOIINE
OLIEHUTb MOKa3aTeIu c(hOPMUPOBAHHOCTH COOTBETCTBYIOIIUX KOMIETeHIUI. OTBET NPOXOAUT y JOCKH.
[IpenoaBaTens BIpaBe 3a/1aBaTh TOTIOJTHUTEIBHBIE BOTIPOCHL.

DOk3aMeH B 5 ceMecTpe MpPOBOJUTCS B MHCBMEHHON (hopMe ¢ TMOCIEIYIOIIUM YCTHBIM
co0ecel0BaHUEM I10 BOIIpocaM OuieTa U JOMOJHUTENIBHBIM BoIIpocaM. buner conepxut Tpu Bompoca 1o
COJIep’)KaHUI0 00pa30BATEIBLHOM MPOrpaMMBl M CaMOCTOSITENIbHON paboThl acmupanta. Bompochl s
[OJAFOTOBKU IIPUBE/IEHBI B I1ACIIOPTE K AK3aMeHY. BpeMs moAroTroBku 0TBETOB Ha BOIPOCHl 60 MUHYT.

OO61re nmpaBuia BHICTABICHUS OLIEHKH 10 JTUCIUILIMHE ONPEeAesatoTcs 0amibHO-PEUTHHIOBON CUCTEMOH,
NPUBEJCHHON B paboyeil mporpaMme MOTyJIsl.

Ha ocHoBanuu npuBeneHHBIX Aajiee KPUTEPUEB MOXKHO CJlieNaTh OOLIMH BBIBOJ O CHOPMHPOBAHHOCTU
xomnereHumi [1K.1.B, I1K.2.B, 3a koTopble 0TBe4aeT JUCLUILINHA, HA Pa3HBIX YPOBHSIX.

OO0urasi XxapakTepuCTHKA YPOBHEH 0CBOEHHUsI KOMIETEHIIUI.

Hwuxe nmoporoBoro. YpoBeHb BBINOJHEHUS pabOT HE OTBEYAeT OOJBIIMHCTBY OCHOBHBIX TPEOOBAHUH,
TEOPETUYECKOE CO/ECP)KaHUE TUCLUIUIMH OCBOEHO YAaCTUYHO, MPOOEbl MOTYT HOCHTH CYIIECTBEHHBIN
XapakTep, He0OX0IMMble MPAKTUYECKHE HABBIKM PabOThl ¢ OCBOEHHBIM MaTepHajaoM c(hOpPMHUPOBaHBI HE
JIOCTaTO4HO, OOJBIIMHCTBO MPEAYCMOTPEHHBIX MMPOrPaMMOIl MOAYIS yU€OHBIX 3a/laHUi HE BBIIOJHEHBI
WM BBITIOJIHEHBI C CYIIECTBEHHBIMU OLIMOKaMHU.

IloporoBblii. YpoBeHb BBIIOJHEHUS PAa0OT oOTBeYaeT OOJBIIMHCTBY OCHOBHBIX TpeOOBaHUiA,
TEOPETHUYECKOE COJEpXKAHNUE IUCLUIUIMH OCBOCHO YacTUYHO, HO MPOOENsl HE HOCAT CYLIECTBEHHOIO
XapakTepa, HEOOXOOUMblE MPAKTUUYECKHE HaBBIKU PaOOThl C OCBOEHHBIM MaTe€pHajoM B OCHOBHOM
chopMHUpOBaHbI, OOJBIIMHCTBO MPETYCMOTPEHHBIX MPOrPaMMON MOAYIS Y4eOHBIX 3a/laHUi BBINOIHEHO,
HEKOTOpPbIE BU/IbI 3a/JaHUI BBIITOJIHEHBI C OIINOKaMHU.

Ba3oBblii. YpoBeHb BBINOJHEHHS] pabOT OTBEYA€T BCEM OCHOBHBIM TpEOOBaHUSIM, TEOPETHUYECKOE
coJiep’KaHue JMCIUILIMH OCBOEHO MOJHOCTHIO, O3 Mpo0eIoB, HEKOTOPhIE MPAKTUYECKHE HAaBBIKK pabOThI C
OCBOGHHBIM MaTrepHuajoM c(hOpMHUPOBaHbI HEIOCTaTOYHO, BCE MPEAYCMOTPEHHbIE MPOrpamMMONl MOy
yueOHbIEe 3aJJaHUs BBIMIOJIHEHBI, KAYECTBO BBIMOJIHEHHUS] HU OJHOTO M3 HUX HE OLEHEHO MUHUMAJIbHBIM
YHCIIOM 0ajyIoB, HEKOTOPBIE U3 BBIMOJIHEHHBIX 3aJaHHI, BO3MOXKHO, COJEPKAT OMIMOKH.

IIponBUHYTHI. YPOBEHb BBHIOJHEHUSI pabOT OTBEYAET BCeM TPEOOBAHUSIM, TEOPETHUECKOE CO/AEpKaHHE




JUCUUIUTMH OCBOEHO TIOJHOCTBIO, 0e3 mpo0enoB, HEO0OXOAWMBIE NMPAKTHUECKHUE HABBIKM pPabOTHI ¢
OCBOCHHBIM MaTepuaioM c(hopMHUpOBaHBI, BCE MPEYCMOTPEHHBIE TPOrPaMMOil MOAYJIsl yueOHbIE 3aaHus
BBINOJIHEHBI, KAYECTBO MX BBIIMOJIHEHHSI OLICHEHO YHUCIIOM OaiioB, OJU3KUM K MAaKCUMAaJIbHOMY.
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«HoBocubupckuii rocy1apcTBEHHBIN TEXHUYECKHI YHUBEPCUTET

Kadenpa monynpoBoAHUKOBBIX IPUOOPOB M MUKPOAJIEKTPOHUKHU
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1. O0o0meHHasi CTPYKTYpPa (poHIA OLIEHOYHBIX CPEACTB MOAYJIA
O06o0menHas cTpykTypa (poHIa OIEHOYHBIX CPEACTB IO MOAYJIAK TBepaoTenbHas dJIEKTPOHUKA,
PaIMO3IEKTPOHHBIE KOMITIOHEHTBI, MUKpPO- M HAHOXJIEKTPOHHMKA, MPUOOPHI Ha KBAaHTOBBIX 3(¢eKrTax

(MOTyI1B)
B COCTaBE JUCIMILINH:

CriennanbHble T1aBbl HAIIPABIICHUS

KOMIOHEHTBI MUKPOCUCTEMHON TEXHUKU
JucuuiuinHa 1o BbIOOpY acnupanTa: TeXHOJIOTMYeCKHe IMPOLECChl MUKPOIIEKTPOHUKH; TexHonorus
pruOOpPOB MUKPOCUCTEMHON TEXHUKH

npuBeeHa B Tabnuiie.

Tabauma

®opmupyembie
KOMIEeTEeHI[HH

IToxa3arean
chopMUpPOBAHHOCTH
KOMIIeTeHI Uil (3HaAHMS,
YMeHUsl, HABbIKH)

JAuciuminHbI

I1K.1.B rotoBHOCTE
MIPOEKTHPOBATH Pa3IHIHBIC
THUTBI TTOTYTIPOBOTHUKOBBIX
prOOPOB ¥ KOMIIOHEHT
MHUKPOCHCTEMHOHN TEXHUKA

31. 3HaTh NPUHLUIIBI PAOOTHI
OCHOBHBIX THIIOB
MOJTYTIPOBOJHUKOBBIX
puOOPOB ¥ KOMITIOHEHT
MCT (MuKpOCHCTEMHON
TEXHHUKH )

Jucuunnuna:"CrieruanbsHble T1aBbl HalIPaBICHUSA

I[IK.1.B

31. 3HaTh MPHUHIHUIEI PAOOTEI
OCHOBHBIX THIIOB
MOJTYTIPOBOTHUKOBBIX
pUOOPOB M KOMIOHEHT
MCT (MuKpocucTeMHO
TEXHUKN)

Jucnuminza:"KoMIOHEHThl MUKPOCUCTEMHOM TEXHUKU

IIK.1.B

yl. YMeTh monp30BaThest
KJIACCUYECKOU Teopueil
HOJTYTIPOBOJHUKOBBIX
mpuOOpoB

Jucunnnumna:"CrieniuanbHble TIaBbl HAIIPaBICHUS

TIK.2.B roTOBHOCTBIO K
MPUMEHEHUIO CTATUCTHICCKIX
METOJIOB B
PaIuOIOKAMOHHBIX U
PaarOHABUTAIIMOHHBIX
cUCTEMAaxX

31. 3HAaTh KJIACCHYECKHUE
TEXHOJIOTHYECKHE TIPOIECCHI
W3TOTOBIICHUS
MHTETPATBHBIX MUKPOCXEM
1 MUKPOCHUCTEMHOM
TEeXHUKU

Jucnuminza:"TexHosoruueckue npouecchbl MUKpO3JIEKTPOHUKHI

IIK.2.B

31. 3HATH KIIaCCHYECKHE
TEXHOJIOTHYECKUE MPOIECCHI
N3TOTOBJICHUSA
I/IHTeraJ'H)HI)IX MI/IKpOC)(eM
U MHKPOCHUCTEMHOM
TEXHUKHA

JucunnnuHa: " TexHoaorus npuéopoB MUKPOCHCTEMHOMN TeXHUKH

I[IK.2.B

yl. ymeTs nonp3oBarbscs
YHUCIICHHBIMU MOJICIISIMH
TEXHOJIOTUYECKUX
HPOLIECCOB

JucnumumHa: " TexHonorus nprOOpOB MUKPOCUCTEMHOM TEXHUKH

I[IK.2.B

yl. ymMeTb nosip30BaThCs
YHUCIIEHHBIMU MOJIEIISIMH
TEXHOJIOTUUECKHX
HPOLIECCOB

Juciuminza:"KoMIOHEHThl MUKPOCUCTEMHOM TEXHUKU




I[IK.2.B yl. ymeTs nonbp3oBaTecs JucuunnuHa:"TexHOIornuecKre Mporecchl MUKPOIIEKTPOHUKU
YHCIIEHHBIMH MOJEISIMHU
TEXHOJIOTHYECKUX
MPOLIECCOB

2. Meroauka oneHku 3TanoB GopMUPOBaHNSI KOMIIETEHIMA B paMKax MOIYJIS.

[TpomMexxyTodHast aTTecTalys Mo MOAYJIK POBOAMUTCS B 3 ceMecTpe - B ¢opMe 3adera, B 4 cemecTpe - B
dbopme 3adera, B 5 ceMecTpe - B (opMe 3K3aMeHa, KOTOPBIM HANpaBJICH HAa OIEHKY c(hOPMUPOBAHHOCTH
kommerennuii [1K.1.B, IIK.2.B.

3ayer B 3 cemecTpe NPOBOJAUTCA B TNHCbMEHHOM (opMe, C TOCIEAYIOIMIMM YCTHBIM
cobeceoBaHMEM TI0 BOIIpOCcaM OmiieTa M JIOMOJHUTENbHBIM BorpocaM. B Gumiiere 2 Bompoca. Bompocst
OpUBEJCHBI B IAcIOpTe€ 3adeTa, IO3BOJSIOIIME OIEHUTh MOKa3aTrenu  CHOPMHUPOBAHHOCTU
COOTBETCTBYIOLIMX KOMIETeHIUH. BpeMst moaroToBku oTBETOB HA BONpockl 60 MuHYT. OTBET POXOAUT Y
nocku. [IpenogaBatens BrpaBe 3a1aBaTh JOMOJIHUTEIBHBIE BOIIPOCHI.

3ayer B 4 cemecTpe MPOBOAUTCS B MUCBMEHHOM (hopMe, ¢ TIOCIEYIONINM YCTHBIM
cobecetoBaHMEM IO BOIIpocaM OMIIeTa ¥ JOMOJHUTENIBHBIM BorpocaM. Ha moArotoBky acnupanrty
orBoautcst 60 MunyT. B Omitere 2 Boripoca. Bonpock!l mpuBeieHb! B TacopTe 3aueTa, O3BOJISIOIINE
OLIEHUTb MOKa3aTeIu c(hOPMUPOBAHHOCTH COOTBETCTBYIOIIUX KOMIETeHIUI. OTBET NPOXOAUT y JOCKH.
[IpenoaBaTens BIpaBe 3a/1aBaTh TOTIOJTHUTEIBHBIE BOTIPOCHL.

DOk3aMeH B 5 ceMecTpe MpPOBOJUTCS B MHCBMEHHON (hopMe ¢ TMOCIEIYIOIIUM YCTHBIM
co0ecel0BaHUEM I10 BOIIpocaM OuieTa U JOMOJHUTENIBHBIM BoIIpocaM. buner conepxut Tpu Bompoca 1o
COJIep’)KaHUI0 00pa30BATEIBLHOM MPOrpaMMBl M CaMOCTOSITENIbHON paboThl acmupanta. Bompochl s
[OJAFOTOBKU IIPUBE/IEHBI B I1ACIIOPTE K AK3aMeHY. BpeMs moAroTroBku 0TBETOB Ha BOIPOCHl 60 MUHYT.

OO61re nmpaBuia BHICTABICHUS OLIEHKH 10 JTUCIUILIMHE ONPEeAesatoTcs 0amibHO-PEUTHHIOBON CUCTEMOH,
NPUBEJCHHON B paboyeil mporpaMme MOTyJIsl.

Ha ocHoBanuu npuBeneHHBIX Aajiee KPUTEPUEB MOXKHO CJlieNaTh OOLIMH BBIBOJ O CHOPMHPOBAHHOCTU
xomnereHumi [1K.1.B, I1K.2.B, 3a koTopble 0TBe4aeT JUCLUILINHA, HA Pa3HBIX YPOBHSIX.

OO0urasi XxapakTepuCTHKA YPOBHEH 0CBOEHHUsI KOMIETEHIIUI.

Hwuxe nmoporoBoro. YpoBeHb BBINOJHEHUS pabOT HE OTBEYAeT OOJBIIMHCTBY OCHOBHBIX TPEOOBAHUH,
TEOPETUYECKOE CO/ECP)KaHUE TUCLUIUIMH OCBOEHO YAaCTUYHO, MPOOEbl MOTYT HOCHTH CYIIECTBEHHBIN
XapakTep, He0OX0IMMble MPAKTUYECKHE HABBIKM PabOThl ¢ OCBOEHHBIM MaTepHajaoM c(hOpPMHUPOBaHBI HE
JIOCTaTO4HO, OOJBIIMHCTBO MPEAYCMOTPEHHBIX MMPOrPaMMOIl MOAYIS yU€OHBIX 3a/laHUi HE BBIIOJHEHBI
WM BBITIOJIHEHBI C CYIIECTBEHHBIMU OLIMOKaMHU.

IloporoBblii. YpoBeHb BBIIOJHEHUS PAa0OT oOTBeYaeT OOJBIIMHCTBY OCHOBHBIX TpeOOBaHUiA,
TEOPETHUYECKOE COJEpXKAHNUE IUCLUIUIMH OCBOCHO YacTUYHO, HO MPOOENsl HE HOCAT CYLIECTBEHHOIO
XapakTepa, HEOOXOOUMblE MPAKTUUYECKHE HaBBIKU PaOOThl C OCBOEHHBIM MaTe€pHajoM B OCHOBHOM
chopMHUpOBaHbI, OOJBIIMHCTBO MPETYCMOTPEHHBIX MPOrPaMMON MOAYIS Y4eOHBIX 3a/laHUi BBINOIHEHO,
HEKOTOpPbIE BU/IbI 3a/JaHUI BBIITOJIHEHBI C OIINOKaMHU.

Ba3oBblii. YpoBeHb BBINOJHEHHS] pabOT OTBEYA€T BCEM OCHOBHBIM TpEOOBaHUSIM, TEOPETHUYECKOE
coJiep’KaHue JMCIUILIMH OCBOEHO MOJHOCTHIO, O3 Mpo0eIoB, HEKOTOPhIE MPAKTUYECKHE HAaBBIKK pabOThI C
OCBOGHHBIM MaTrepHuajoM c(hOpMHUPOBaHbI HEIOCTaTOYHO, BCE MPEAYCMOTPEHHbIE MPOrpamMMONl MOy
yueOHbIEe 3aJJaHUs BBIMIOJIHEHBI, KAYECTBO BBIMOJIHEHHUS] HU OJHOTO M3 HUX HE OLEHEHO MUHUMAJIbHBIM
YHCIIOM 0ajyIoB, HEKOTOPBIE U3 BBIMOJIHEHHBIX 3aJaHHI, BO3MOXKHO, COJEPKAT OMIMOKH.

IIponBUHYTHI. YPOBEHb BBHIOJHEHUSI pabOT OTBEYAET BCeM TPEOOBAHUSIM, TEOPETHUECKOE CO/AEpKaHHE




JUCUUIUTMH OCBOEHO TIOJHOCTBIO, 0e3 mpo0enoB, HEO0OXOAWMBIE NMPAKTHUECKHUE HABBIKM pPabOTHI ¢
OCBOCHHBIM MaTepuaioM c(hopMHUpOBaHBI, BCE MPEYCMOTPEHHBIE TPOrPaMMOil MOAYJIsl yueOHbIE 3aaHus
BBINOJIHEHBI, KAYECTBO MX BBIIMOJIHEHHSI OLICHEHO YHUCIIOM OaiioB, OJU3KUM K MAaKCUMAaJIbHOMY.



denepanbHOE rocy1apcTBEHHOE O10JKETHOE 00pPa30BaTEIbHOE YUPEXKICHUE
BBICIIETO 00pPa30BaHUS
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®OH/I OHEHOYHBIX CPEJICTB

MOJAYJISA "TeepaoreabHas 3J1eKTPOHUKA, PAAN03JICKTPOHHbIE KOMIIOHEHThI, MUKPO- U
HAHO3JIEKTPOHHUKA, MPUOOPHI HA KBAHTOBBIX 3¢ ¢ekTax (Moay./b)" M0 MaTepuaIaM JUCHUNIHHBI
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npuOOpbI Ha KBAaHTOBBIX AP (deKTax
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1. O0o0meHHasi cTPYKTYpa oHIAa OLIEeHOYHBIX cpeAcTB Moay.as "TeepaorenbHas
3J1eKTPOHUKA, PAIM03JIEKTPOHHbIE KOMIIOHEHThI, MUKPO- U HAHO3JIEeKTPOHUKA, TPUOOPHI Ha
KBAaHTOBBIX 3¢ dexTax (MoayJib)" M0 MaTepragaM JMCIHHIIIHHbI
O6oOmenHass cTpykTypa (oOHIAa OIEHOYHBIX CpeactB mo wmoayaw '"TeepaorenbHasi

3JIEKTPOHHKA, PAaJMO0YICKTPOHHbIE KOMIIOHEHTbI, MHKPO- M HAHOJJEKTPOHHMKA, NPUOOpPHI HA
KBaHTOBBIX 3(P¢dexkrax (Moay.s)'" mno marepuasamM IUCHUIIUHBI JluciuniamHa 10 BBIOOPY
acnipanTa: TexHoJlornueckue nporecchl MUKPOUIEKTPOHUKY IIpuBeieHa B Talmnuie.

Tabnuna

Tanbl OEHKH KOMIETEeH NI

Iloka3zarenu
chopMUpPOBAHHOCTH Meponpusitust
Dopmupyembie KOMIIETEeHIIH I Tembl TEKYWIEro IIpomexyTounasn
KOMIETEHIINH (3HAHUSA, yMeHHs1, KOHTPOJISA aTTecranus (IK3aMeH,
HABBIKH) (kypcoBoii mpoexT, 3a4eT)
PI'3(P) u ap.)
[1IK.2.B 31. 3HaTH PeaxtuBHOE noHHOE TpaBieHue |KoHTpomb DK3aMeH, BOPOCHI
TOTOBHOCTBIO K KJIACCUYECKHE (PUT) u rnybokoe peakTuBHOE |camocTosTenbHON | Nel- Nol2
NIPUMEHEHUIO TEXHOJIOTUYECKHUE noHHoe Tpasnenue (I'PUT). paboTHI BO BpeMs
CTaTUCTUYECKUX NIPOLECCHI Oo6opynoBanue PUT u 'PUT - |koHTakTa C
METOIOB B H3TOTOBJICHUA TEXHOJIOTHH. BbICOKOUacTOTHas |acmHpaHTOM
PaaUOJIOKALIMOHHBIX |HMHTErPaIbHBIX quonHas cucrema it PUT.
u MHUKpPOCXEM U Mexanusmsel anuzotponuu PUT.
paZTuOHAaBUTAMOHHBI | MUKPOCHCTEMHOM [IpenmymecTBa U HEAOCTATKH
X CHCTEMax TEXHUKU PUT u I'PUT. TpaBnenue

TUOKCHAA KPEMHUS, HUTPpUOA
KpEMHUS,
MOJIMKPHUCTAIUINYECKOTO
KPEMHUSI, CHINLIOB
TYTOIUIABKHX METAJIJIOB
QTIOMHHHUSL.
MHUKpOMEXaHUYECKHE CUCTEMBI,
nonyuyeHHsie no [ PUT -
texHonorun. .CVD-mporecckr.
OM3UKO-XUMUIECKUE TIPOLIECCHI
B CVD-peakropax.
Koncrpykunu CVD-peaktopos.
OCOOCHHOCTH TTOKPHITHS
CTymneHek. PazHOBHIHOCTH
CVD-mporeccos: TCVD,
APCVD, LPCVD, VLPCVD,
PECVD, Photon-assisted CVD,
Laser-assisted CVD, MOCVD
AHHU30TPOITHOE TPaBJICHUE
KpeMHHA. AHH30TPOITHEIE
TPABUTEIHU JJISI KPEMHUSL.
OcoOeHHOCTH TpaBJIEHHS IIOC-
koctett (100), (110) u (111).
OcoOeHHOCTH TpaBIIEHHS
BHCIIHUX U BHYTPEHHUX YTJIOB.
3aBHCHMOCTH CKOPOCTH
TPaBJICHHS OT KOHIIEHTPALUH
MIPUMECH B MOJIOKKE U TEM-
nieparypsl TpaButesst. Ctorm-
TpasiieHue. Vcnonb30-BaHue
AQHMU30TPOITHOTO TPABJICHHUS TIPH
CO3JJaHUM MHUKPOCUCTEM. 30JIb-
reilb METOJ] OCAXJICHUS TIJICHOK.
TexHomnorus
IIEKTPOXUMHUUYECKOTO
OCAKICHUS TUICHOK.
TexHosorNst MUKpO-
mpeccosanus. LIGA- mpomecc.
MonHOo-nIpoeKInoHHas




surorpadus. [lonstue o
"msirkoi" muTorpadun.
MuUKpOKOHTAKTHAS U
HaHOKOHTAKTHas JIUTOTpadus.
Muxpo3zornoBas AFM -
surorpadus ¢ NC-TIOJIb30BaHUEM
CaMOOPIaHU3YIOLIET0Cs CIOSI.
(Dip pen li-thography).
Muoro3zongosas AFM-
mutorpadus (Milliped
lithography). Keanrosast
(nByxdoTonHas) mutorpadusi.
Jlurorpaduaeckne mpomeccs
HOBOT'O TIOKOJICHUSI: 9KC-
TpemanbHas Y D, 371eKTpOHHO-
Jy4eBasi, PEHTTCHOBCKaS,
MOHHO-IIy4eBasi TUTOrpadus.
OJeKTpOHO- U
PEHTICHOPE3UCTHL. Y CTPOMCTBO
3NEKTPOHHO-JIyYeBOTO
CKaHHPYIOLIET0 MUKPOCKOTIA.
McTOoYHUKY 37IEKTPOHOB.
IIpoexyoHHas 3JIEKTPOHHO-
JIy4eBasi TUTOrpadus C yrIOBBIM
OTPaHWYEHHEM PaCCEsTHHBIX
anextponoB (SCALPEL).
CHHXpOTPOHHOE H3IIy4EHHE,
PCHTTEHOBCKHE Ia0IOHEI.
Martepuanbl HHTETpaIbHON
3JIEKTPOHUKU. MaTtepuaisl 11t
MHUKPOMEXaHHUECKUX U
MUKPOITUYECKUX YCTPOUCTB.
CaoiicTBa 1 (hu3nuecKue
napameTpsl
HOJYTIPOBOHUKOBBIX,
JMIICKTPUYECKHX, TIPOBOJISIIINX
1 TTOJIMMEPHBIX MaTepHaoB,
UCTIONIb3YEMBIX B
TBEPAOTEIBEHOMN 3JIEKTPOHUKE U
MHKPOCHUCTEMHOH TEXHHKE.
Kpemuuii - ocHOBHOI MaTepuan
MUKPOCHCTEMHOU TEXHUKHU.
TexHomorust u 060pya0BaHNE
MOJIEKYJISIPHO-JTYy4EBOM
snuTakcuuu (MJID).
Koncrpykuuu 23§ y3noHHBIX
s;ueek. Mexanusmsl pocta MJID-
ieHoK: Bonmvepa-Bebepa;
Crpancku-Kpacranosa; ®@panka
BaH zep Mepse. KonTtposs
pocta MJID-nienok. Meron
ABD. I[Ipumenenne MJID st
MTOJTy4IeHHST KBAHTOBBIX TOYEK,
TPaH3UCTOPOB € BBICOKOMI
TOJIBUYKHOCTBIO AJIEKTPOHOB
(TBIID),
BBICOKOTEMIIEPATYPHBIX
CBEPXIIPOBOJIHUKOB H CTPYKTYP
C TUTaHTCKUM
MarHUTOCONPOTUBJIEHUEM

I[IK.2.B

yl. ymers
MOJIb30BATHCS
YHCICHHBIMU
MOJEIIMU
TEXHOJIOTUYECKUX
MIPOLIECCOB

AHU30TPOITHOE TPABIICHUE
KpeMHHS. AHU30TPOITHEIC
TPABUTEIU JJISI KDEMHUSL.
OcCoOCHHOCTH TpaBJICHUSI ILJIOC-
koctett (100), (110) u (111).
Oco0OeHHOCTH TpaBIIEeHUS
BHEITHUX U BHYTPEHHHX YTJIOB.
3aBUCHUMOCTH CKOPOCTH

Kontpons
CaMOCTOSATENIbHOU
paboThI BO BpeMs
KOHTaKTa C
acIMUpaHTOM

DK3aMEeH, BOIIPOCHI
Nel3- Ne24




TPaBIEHUS OT KOHLIEHTpAIUU
MIPUMECH B MOAJIOKKE U TEM-
nieparypsl TpaButesst. Ctorm-
Tpasnienue. cnonbs3oBanue
aHW30TPOIHOT'O TPABICHHUS NIPH
CO3IaHIHM MHKPOCUCTEM. 30JTb-
relb METOJT OCAXKICHUS TUICHOK.
Texnonorus
ANEKTPOXUMHUYECKOTO
OCaXIeHUsI IJICHOK.
TexHomorus MuUKkpo-
npeccoBanus. LIGA- nporecc.
Jlurorpaduaeckne mpomeccs
HOBOT'O TIOKOJICHUSI: 9KC-
TpemanbHas Y D, 371eKTpOHHO-
Jy4eBasi, PEHTTCHOBCKaS,
MOHHO-IIy4eBasi TUTOrpadus.
OJeKTpOHO- U
PEHTICHOPE3UCTHL. Y CTPOMCTBO
3NEKTPOHHO-JIyYeBOTO
CKaHHPYIOLIET0 MUKPOCKOTIA.
McTOoYHUKY 37IEKTPOHOB.
IIpoexyoHHas 3JIEKTPOHHO-
JIy4eBasi TUTOrpadus C yrIOBBIM
OTPaHWYEHHEM PaCCEsTHHBIX
anextponoB (SCALPEL).
CHHXpOTPOHHOE H3IIy4EHHE,
PCHTTEHOBCKHE Ia0IOHEI.
Martepuanbl HHTETpaIbHON
3JIEKTPOHUKU. MaTtepuaisl 11t
MHUKPOMEXaHHUECKUX U
MUKPOITUYECKUX YCTPOUCTB.
CaoiicTBa 1 (hu3nuecKue
napameTpsl
HOJYTIPOBOHUKOBBIX,
JVIICKTPUUECKHX, TIPOBOJISIIINX
1 TTOJIMMEPHBIX MaTepHaoB,
UCTIONIb3YEMBIX B
TBEPAOTEIBEHOMN 3JIEKTPOHUKE U
MHKPOCHUCTEMHOH TEXHHKE.
Kpemuuii - ocHoBHOI MaTepuan
MUKPOCHCTEMHOU TEXHMKHU.

2. MeToaMKa OLEHKH 3TAN0B ()OPMHPOBaHUsI KOMIIeTeHIIHI B pamkax Moay.s ""TeepaorenbHas
3JIEKTPOHUKA, PAHO3JICKTPOHHbIC KOMIIOHEHTBI, MUKPO- H HAHOJJICKTPOHUKA, IPHOOPHI Ha
KBAaHTOBBIX 3¢ ¢exTax (Moay.ab)" 10 MaTepHaIaM M CHUUILIHHBI.

[Ipomexyrounas arrecrauusd 1o Moayai0 ''TBepaoresbHasi 3JIEKTPOHHUKA, PagHO0dIEeKTPOHHbIE
KOMIIOHEHTbI, MUKPO- M HAHOJJIEKTPOHUKA, NMPUOOPbI Ha KBaHTOBBIX 3¢ dexkTax (Moayas)" mo
MaTepHalaM IHCHMIIMHBI IIPOBOJIUTCS B 6 cemecTpe - B (hopMe dK3aMeHa, KOTOpBIA HampaBlieH Ha
orieHKy copmupoBanHocTr kommeteHui [1K.2.B.

DK3aMeH MPOBOJUTCS B MUCbMEHHOW (hopMe C MOCIEAYIOUUM YCTHBIM coOeceloBaHHEM IO BOIpPOcam
OuseTa u JOMOJIHUTENIBHBIM BOIIPOCcaM. BIIIET coep KUT TpH BOIIpOCa MO COAEPIKaHUIO TEXHOJIOTHYECKON
yacTh 00pa30BaTeIbHOM MPOTPaMMBI M CAMOCTOSITENIbHOM padoThl acriupanTa. Bompocs! 1ist OATrOTOBKU
IIPUBEZIEHBI B I1aCIIOPTE K IK3aMeHY. BpeMs moAroToBku 0TBETOB Ha BONIPOCH! 60 MUHYT.

OO0u1me npaBuiia BEICTABJICHUS OLICHKHU I10 AUCLHUILIMHE ONPEACIAIOTCS O0aIbHO-PEUTHHTOBOW CUCTEMOMH,
MPUBEJEHHON B paboueill mporpamme Moxayias "TBepaoTenbHas 3JICKTPOHHKA, PaTUOICKTPOHHBIE
KOMITOHEHTBI, MUKPO- X HAHORJIEKTPOHHKA, TPUOOPHI Ha KBAHTOBBIX () (dekTax (MOAyb)" Mo MaTepuaiam
JUCLUTUIAHBL



Ha ocHOBaHuM mpHuBeNEeHHBIX Jajiee KPUTEPUEB MOXKHO CJlIeNaTh OOIIMH BBIBOA O C(HOPMUPOBAHHOCTU
komnereHnuu [1K.2.B, 3a koTopble OTBEUaeT NUCIUILIIMHA, HA Pa3HBIX YPOBHSIX.

O0mas xapakTepucTHKA YPOBHEH 0CBOCHHUSI KOMIIETEeHIIHIA.

Hu:ke moporoBoro. YpoBeHb BBINIOJHEHHS Pa0dOT HE OTBEYaeT OOJIBIIMHCTBY OCHOBHBIX TpeOOBaHUA,
TEOPETHUYECKOE COJIEPHKAHUE Kypca OCBOEHO YaCTHUYHO, ITPOOENIbI MOTYT HOCUTh CYILIECTBEHHBIH XapakTep,
HEOOXOMMbIE MMPAKTUYECKHUE HaBBIKU PAOOTHI C OCBOEHHBIM MaTepHaIoM c(hOpMUPOBaHbI HE JOCTATOYHO,
OOJIBIIMHCTBO TMPEAYCMOTPEHHBIX IMPOrpaMMoi OOy4deHHs Y4eOHBIX 3a/JaHUil HE BBIIOJIHEHbBI WM
BBINOJIHEHBI C CYILIECTBEHHBIMU OIIUOKAMHU.

IloporoBblii. YpoBeHb BBINOJHEHUS pPA0OT OTBeYaeT OOJBIIMHCTBY OCHOBHBIX TpeOOBaHUA,
TEOPETUYECKOE COJEPIKaHNE Kypca OCBOEHO YaCTUYHO, HO MPOOEIbl He HOCST CYIIECTBEHHOTO XapakTepa,
HEOOXOIMMbIE TIPAKTUYECKHE HABBIKM Pa0OTHI ¢ OCBOCHHBIM MaTepHajoM B OCHOBHOM C(OPMHPOBAHBI,
OOJIBIIMHCTBO MPEAYCMOTPEHHBIX MPOTrpaMMOii 0OydeHUs! y4eOHBIX 3adaHUi BBITOJHEHO, HEKOTOPHIC
BU/IbI 331aHU BBIITOJHEHBI C OIINOKaMHU.

ba3oBnbIii. YPOBGHL BBIINIOJIHCHU A pa60T OTBCYAa€T BCCM OCHOBHBIM Tpe60BaHI/I$IM, TCOPECTUUCCKOC
COACPIKAaHUC KypCa OCBOCHO ITOJIHOCTBIO, 0e3 HpO6€J’IOB, HCKOTOPLBIC IIPAKTHYCCKUC HABBIKH pa6OTI>I C
OCBOCHHBIM MAaTcpuaioM C(bOpMI/IpOBaHbI HEAOCTATOYHO, BCC NPCAYCMOTPCHHBIC nporpaMMoﬁ 06y‘IeHI/I${
y‘le6HbIe 3aJaHus BBIIIOJIHCHBI, KAYCCTBO BBIIIOJHCHHA HH OJHOI'O M3 HHUX HC OLCHCHO MHHHMAJIbHBIM
YuCJI0OM 6aJ'IJ'IOB, HCKOTOPLBIC U3 BBIITOJIHCHHBIX SaHaHHﬁ, BO3MOJHO, COACPIKAT OIIIMOKHU.

IIpoaBuHYTBIH. YPOBEHb BHIIOIHEHHUS Pa0OT OTBEYAET BCEM TPEOOBAHUSAM, TEOPETUUECKOE COMIEPIKaHUE
Kypca OCBOEHO IMOJIHOCTHIO, 0€3 Mpo0esioB, HEOOXOAUMbIE MPAKTUYECKHUE HABBIKU PabOThl C OCBOCHHBIM
MaTepuaioM CQOPMHUPOBaHBI, BCE MPEAYCMOTPEHHBbIE MPOrpaMMoON oO0ydeHus YydeOHble 3aJaHus
BBITMIOJTHEHBI, KAYECTBO MX BBIMIOJHEHUS OLIEHEHO YUCIIOM 0asioB, OJM3KUM K MAKCUMAIIbHOM



DenepanbHOE TOCYAaPCTBEHHOE OI0KETHOE 00pa30BaTEIbHOE YUPEKICHHE
BBICITICTO OOpa30oBaHUs
«HoBocubupckwii rocy1apcTBEHHBIN TEXHUYIECKIH YHHBEPCUTET»

Kadenpa nonynpoBoAHUKOBBIX IPUOOPOB U MUKPOITEKTPOHUKU

HacnopT IK3aMCHa

o Moy "TBepaoTeNnbHAs ANEKTPOHUKA, PAUOIIEKTPOHHBIE KOMIIOHEHTHI, MUKPO- U
HAHO3JICKTPOHUKA, IPUOOPHI HA KBAHTOBBIX d(dekTax (MOAyIb)" M0 MaTepruaiaM JUCITUTLINHBI
«lucuumuivHa no BeIOOPY acnupanTa: TexHOIOTHYeCKUE MPOIECCHl MUKPOAIEKTPOHUKU Y, D
ceMecTp

1. Meroauka oleHKH

DK3aMeH MPOBOJIUTCS B MUCHbMEHHOM U YCTHOI (hopMme B Buje coOeceoBaHus, 0 OUIeTam.
buner ¢opmupyercsi mo criemyrouieMy NpaBWITy: TEPBBIA BOIPOC BBIOMPACTCS W3 JAMAna3oHa
BorpocoB Nel - Ne8, BTOpoil Bompoc u3 auamna3zoHa BoIpocoB Ne® - Nel6. Tperuii Bompoc u3
nuarazoHa BorpocoB Nel6 - No24. (cmucok BOIIPOCOB MpHUBENEH HIDKE). B xome sk3ameHa
MpernojaBaTesb BIIPaBe 3a/1aBaTh CTYCHTY JOMOJIHUTEIbHBIE BOIIPOCHI U3 00IIEro nepevHs (1. 4).

DopMa >K3aMEHAIMOHHOTO OrTeTa

HOBOCHWBUPCKUI TOCY JAPCTBEHHBIN TEXHUYECKWI YHUBEPCUTET
daxynpTeT POD

Buier Ne 1
K 3K3aMCHY 10 JUCHUIIIINHE «I[I/ICIII/IHJ'II/IHa Jale} BI)I60py aclypaHTa: TexHonornueckue
MIPOLIECCHI MUKPODIIEKTPOHUKID)

1. PeaxtuBHOe noHHoe Tpasienue (PUT) u riiybokoe peakTHBHOE HOHHOE TPaBJIECHUE
(I'PUT).

2. TlIpoekimoHHas 37€KTPOHHO-TY4€eBas IUTOrpadus ¢ yriIoBbIM OrpaHUYCHHEM
paccessHHBIX 71eKTpoHOB (SCALPEL). CHHXpOTpOHHOE M3TyYEeHUE, PEHTTCHOBCKUE
120JIOHBI.

3. Matepuaisl HHTETPATBHOHN JIEKTPOHUKHA. MaTeprabl st MUKPOMEXaHUIECKUX U

MUKPONTHYECKUX YCTPOICTB.

YTBepkaato: 3aB. Kapeapoit laiticnep B.A.
(moamucs)
(mata)

1. Kpurepun oneHku
* OtBeT Ha YK3aMEHAI[HOHHBIN OWIICT CYMTACTCS HEYAOBJIETBOPUTEILHBIM, €CITH aCIIUPAHT IPU
OTBETC Ha BOIPOCHI HE JIACT OMPEACICHUI OCHOBHBIX IOHSATHH, HE CIIOCOOCH IMOKa3aTh
NPUYMHHO-CICCTBEHHBIE  CBSI3W  SABJCHMH, JOMyCKAeT MPHHIMIHAIbHBIE  OIIHOKH,
onenka coctapisger 0-19 bannos.



* OTBeT Ha PK3aMEHAIIMOHHBIM OWJICT 3aCUYMTHIBACTCS HA MOPOrOBOM YPOBHE, €CJIM ACIIUPAHT MPH
OTBETE Ha BOINPOCHI JACT ONPEICICHUE OCHOBHBIX IOHATHH, MOXET ITOKa3aTh MPHYUHHO-
CJICZICTBEHHBIC CBSI3M  SIBJICHHI, JIOMYCKACT HEMPUHIMITHAIBHBIC ONIMOKU, HaImpuMep,
BBIYHCIIUTEIBHBIE,
onenka coctapisger 20-29 6annos.

* OTBeT Ha ’K3aMCHAIIMOHHBINA OWJICT 3aCYMTHIBACTCS Ha 6A30BOM YPOBHE, €CJIM aCIUPAHT MPH
OTBETC Ha BOIPOCH (OPMYIHPYET OCHOBHBIC IOHSATHS, 3aKOHBI, JACT XapaKTEPUCTUKY
MPOLIECCOB, SIBIICHUH, TPOBOJUT AaHAJIW3 MNPUYHMH, YCIOBHUH, MOXET MPEACTaBUThH
Ka4eCTBEHHbBIC XapaKTEPUCTUKHU IPOIIECCOB, HE JIOMYCKAeT OMMOOK IMPU OTBETaX Ha BOIIPOCHI,
onenka cocrasisier 30-35 bannos.

* OTBeT Ha K3aMEHAIIMOHHBIN OWJICT 3aCUMTHIBACTCS HA MPOJABHHYTOM YPOBHE, €CJIH aCIUPAHT
IpU OTBETE Ha BONPOCHI IPOBOJUT CPABHHUTCIBHBIA aHAJIM3 IOJXOJOB, ITPOBOJUT
KOMILJICKCHBIM aHaJIM3, BBIABISICT MPOOJIEMBI, TpeajaracT MEXaHU3Mbl PEIICHUS, CIIOCOOCH
MPEJICTABUTh KOJMYCCTBCHHBIC XapPaKTCPUCTHUKH OIPEACICHHBIX IPOICCCOB, MPUBOJIUT
KOHKPETHBIC ITPUMEPHI U3 MPAKTUKH, HE JAOMYCKAeT OMIMOOK U CIOCOOCH 000CHOBATh BBHIOOD
TEXHOJOIMYECKOIO METO/1a HU3TOTOBJICHHS mpuoopa,
orieHka coctanisieT _36-40 oannos.

2. IlIkxana omeHKH

B 00mieit orieHke 1o JUCIUIUIMHE 3K3aMEHAIMOHHBIC OAJITBl YYUTHIBAIOTCS B COOTBETCTBHH C
npaBWiiaMd  OaJJIbHO-PEUTUHIOBOM  CHUCTEMBI, NPHUBEIECHHBIMM B paboueil mporpamme
JUCIIUATIITUHBI.

3. Bompocsl k dK3aMeHy M0 TUCHHUILIHHE «/[uciumummHa o BEIOOPY acupaHTa:
TexHomornueckre mpouecchl MUKPOIIEKTPOHUKI

1. PeaktuBHOe noHHOe TpasneHue (PUT) u rimyboxoe peaktuBHOEe HoHHOE TpasieHue (I'PUT).

2. O6opynoBanue PUT u ['PUT - texHosoruii. BeicokouactoTHas quoaHast cucteMa st PUT. MexaHu3mbl
anuzotponuu PUT. [lpeumymecta u Hepoctatku PUT u ['PUT.

3. TpaBneHue TUOKCHIA KDEMHUS, HUTPUAA KPEMHHS, MOTUKPUCTAIUINIECKOTO KPEMHUSI, CHITMIIUJIOB

TYTOIUIaBKUX METAJIOB ¥ AJIFOMUHUSI.

Mukpomexannueckue cucteMsl, nonydennsle no I'PUT - Texnonorumu.

CVD-nponeccrl. ®usuko-xumudeckue npoueccsl B CVD-peakropax. Korcrpykiun CVD-peakropos.

OcoberHocTH OKpHITHS cTyieHeK. PasHoBumHOCcTH CVD-miponieccos: TCVD, APCVD, LPCVD,

VLPCVD, PECVD, Photon-assisted CVD, Laser-assisted CVD, MOCVD.

6. M3orpomHoe TpaBiieHHEe KpeMHHs. XUMUYECcKas KHHETHKA TpasiieHus kpemuus. [loimpyromue n
CENIeKTUBHbIE TPABUTENH. TpaBlieHNe JMOKCHIA KPEMHHS.

7. AHU30TpOITHOE TpaBJICHHE KPeMHHA. AHU30TPOIHbIE TPaBUTEH I KpeMHHUA. OcOOCHHOCTH TPaBICHUS
miockocteit (100), (110) u (111). OcobeHHOCTH TpaBIeHHsI BHEITHUX ¥ BHYTPEHHUX YIJIOB. 3aBUCUMOCTh
CKOPOCTH TPABJICHUS OT KOHIEHTPALMK IPUMECH B IOJJIOKKE M TEMIIEPATYPbI TPABUTEIS.

8. AHM30TpOIHOE cTom-TpaBieHue. Mcrnoabp30BaHne aHU30TPOITHOTO TPABJICHHS IPU CO3IaHUH MUKPOCHUCTEM.

9. 3o0b-reiib METO/ OCAKACHHSI TUICHOK.

10. TexHONOTHS 3IEKTPOXUMHUIECKOTO OCAKIACHHS TICHOK.

11. Texnonorus mukpo-npeccoBanusi. LIGA- nponecc.

12. MoHHO-NIpOEKIMOHHAs JIUTOTpadusL.

13. Ionstue o "msarkoi" murorpadpun. MUKpPOKOHTAKTHAsI 1 HAHOKOHTAKTHAS JINTOTpadusl.

14. Mukpo3zonnosas AFM -nurorpadus ¢ ucrnonp3oBaHreM camoopranusytonierocs cios. (Dip pen
lithography). Muorosonnosast AFM-mutorpadus (Milliped lithography). Keanrtosas (qByxdoToHHas)
uTorpadus.

15. Jlurorpaduyeckre mporeccs HOBOTO MOKOJICHHUS: IKCTpeManbHast Y D, aIeKTpOHHO-ITy4deBas,
PEHTIEeHOBCKas, HOHHO-JTy4YeBast JIUTOrpadusi. DNEKTPOHO- U PEHTTEHOPE3UCTHI.

16. YCTpOMCTBO 3JIEKTPOHHO-TYYEBOTO CKAHMPYOMIETO MUKPOCKOTA. ICTOUHHKH 3JICKTPOHOB.

o ks

17. TlpoekuroHHAas JIEKTPOHHO-ITy4YeBas JINTOTpadust C YIIOBBIM OIPaHUYCHNUEM PACCESHHBIX 3JIEKTPOHOB
(SCALPEL). CuHXpOTpPOHHOE HU3ITy4YCHHE, PCHTTCHOBCKHE LIA0IOHBI.

18. Marepuasl HHTErpaIbHOI SIEKTPOHUKH. MaTepHalibl Ui MUKPOMEXaHHYECKHX U MUKPOITHYECKUX
YCTPOMCTB.



19.

20.
21.

22.
23.
24,

CBoiicTBa 1 (PU3NUECKHUE TTAPAMETPHI MOIYNPOBOAHUKOBBIX, AUIIEKTPHUECKUX, TPOBOISIINX U
MOJIMMEPHBIX MAaTEPHAJIOB, UCTIONb3YEMbIX B TBEPAOTEIEHON 3JIEKTPOHNKE 1 MUKPOCHCTEMHON TEXHUKE.
KpeMHuii - o0cHOBHOI MaTepuall MUKPOJIEKTPOHUKHA U MUKPOCUCTEMHOM TEXHUKH.

TexHonorus u 000pyHOBaHUE MOJIEKYILIPHO-Ty4eBoi snmrakcunu (MJID). Korctpykunn 3¢ dy3noHHBIX
AICEK.

Mexanu3msl pocra MJID-tmeHok: Bonvepa-Bebepa; Ctpancku-Kpacranosa; ®@panka Ban nep Mepse.
KonTtpons pocta MJID-nnenok. Meton [IbO.

IIpumenenne MJID nms nosmyueHus KBaHTOBBIX TOUEK, TPAH3UCTOPOB C BEICOKOM MOJBMXKHOCTBIO
anekTpoHoB (TBIID), BeIcOKOTEMIIEPATypHBIX CBEPXIIPOBOJHUKOB U CTPYKTYpP € THTAHTCKUM
MarHUTOCONIPOTHBIICHHEM



denepanbHOE rocy1apcTBEHHOE OI0KETHOE 00pa30BaTENbHOE YUPEXKICHHE
BBICIIETO 00pPa30BaHUS
«HoBocubupckuii rocy1apcTBEHHBIN TEXHUYECKHI YHUBEPCUTET

Kadenpa monynpoBoAHUKOBBIX IPUOOPOB M MUKPOAJIEKTPOHUKHU

“YTBEPXIAIO”

JIEKAH PR®

I.T.H., mpodeccop B.A. Xpycranes
(13 2 r.

®OH/JI OHEHOYHbBLIX CPE/ICTB

MOJAYJISA "TeepaoreabHas 3J1eKTPOHUKA, PAAN03JIEKTPOHHbIE KOMIIOHEHThI, MUKPO- U
HAHO3JIEKTPOHHUKA, IPUOOPHI HA KBAHTOBBIX 3¢ ekTax (Moay./b)" M0 MaTepuaIaM JUCHUNIHHBI

JucuMIimHa o Bb10opy acnupanrta: TexHo10rusi npuO0OpPOB MUKPOCHCTEMHON TEXHUKHU
O6pa3oBarenbHas nporpamma: 11.06.01 DnexTpoHuka, paiuOTEXHUKA U CUCTEMBI CBSI3U, IPODUIIb:

TBepaoTenbHas 3JEKTPOHUKA, PAHOIEKTPOHHbIE KOMIIOHEHTBI, MUKPO- U HAHO3JIEKTPOHHUKA,
npuOOpHI Ha KBAHTOBBIX (P peKTax
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1. O0o0meHHasi cTPYKTYpa oHIAa OLIEeHOYHBIX cpeAcTB Moay.as "TeepaorenbHas
3JIeKTPOHUKA, PAJHOIJIEKTPOHHbIC KOMIIOHEHThI, MUKPO- H HAHOJJIEKTPOHHKA, IPHOOPHI Ha
KBAaHTOBBIX 3¢ pexTax (MoayJib)" Mo MaTepuaaM THCHUIIIHHBI
O6oOmenHass cTpykTypa (oOHIa OIEHOYHBIX CpeactB mo wmoayaw '"TeepaorenbHasi

3JIeKTPOHUKA, PaJMOJICKTPOHHbIE KOMIIOHEHTHI, MHKPO- M HAHOJJEKTPOHHMKA, NPUOOPHI HA
KBaHTOBBIX 3(P@dexrax (Moay.s)'" mo marepuasamM JIUCHUIIUHBI JluciuniamHa 10 BBIOOPY
acnupanTa: TexHosiorus npruOOpoB MUKPOCUCTEMHOM TEXHUKH NpuBeacHa B Tabnuie.

Tabnuma

Tanbl OMEHKH KOMIETeHIHH

Iloka3zarenu
chopMUpPOBAHHOCTH Meponpusitust
Dopmupyembie KOMIIETEeHIIH I Tempbl TEKYWIEro IIpomexyTounasn
KOMIETEHIINH (3HAHUSA, yMeHHs1, KOHTPOJISA aTTecranus (IK3aMeH,
HABBIKH) (KypcoBOii IpOeKT, 3a4er)
PI'3(P) u ap.)
IIK.2.B 31. 3HaTH CVD-npoueccel. Pu3uko- Kontpois OK3aMeH, BOIIPOCHI
TFOTOBHOCTBIO K KJIACCUYECKHE xuMudeckue npoueccsl B CVD- [camocTosTensHOM | Nel- Nel2
MIPUMEHEHHUIO TEXHOJIOTHUECKUE peakropax. Koncrpykuuu CVD- [paboTsl Bo Bpemst
CTaTUCTUYECKUX IIPOIIECCHI peaxktopoB. OCOOCHHOCTH 10-  |KOHTAKTa C
METOJIOB B H3TOTOBJICHUA KPBITHUS CTYTICHEK. aCIMPaHTOM
PanUOJIOKALIMOHHBIX |HMHTErPaIbHBIX PaznoBunxoctu CVD-
u MHUKpPOCXEM U npoueccos: TCVD, APCVD,
paInOHABUTAMOHHBI | MUKPOCHCTEMHOM LPCVD, VLPCVD, PECVD,
X CHCTEMAxX TEXHUKU Photon-assisted CVD, Laser-

assisted CvVD, MOCVD.
AHHM30TPOIIHOE TPaBIICHHE
KpeMHHA. AHH30TPOIIHbIE
TPaBUTEININ AJISI KPEMHHUSL.
Oco6eHHOCTH TpaBIICHHS
mockoctedt (100), (110) u
(111). OcobenHoctu TpaBiaeHUs
BHEIIHUX ¥ BHYTPEHHUX YTJIOB.
3aBHCHMOCTH CKOPOCTH
TPaBJICHHUS OT KOHIIEHTPauu
TIPUMECH B TIOAJIOKKE U
TeMIiepatypsl Tpasurens. Cror-
tpasieHue. [Ipumeps
HCTIONIb30BAHMS aHU30TPOITHOTO
TpaBJICHUS IIPU CO3-TaHUU
MUKpocucTeM. BaeneHue.
MukpocucTeMHasi TEXHUKA -
HOBOE TeXHHYECKOe
HanpasiieHue. Mcropus u
OCHOBHBIE JTAITBl PA3BUTHSI.
CBs13b C MUKPO3JIEKTPOHUKOM U
OCHOBHBIE 0COOCHHOCTH
MHUKpPOCHUCTEM-HON TEXHUKH.
OnEeMEHTHI 1 KOMIIOHEHTEI
MUKPOCHUCTEMHON TEXHUKH.
M3BMC, HOMC, MDOMC,
H30MC, cencops! u
aKTI0ATOPBI: 001acTH
MIPUMEHEHNS U TeHICHITNH
pasButus. Knaccudukamms
ceHcopoB. DUUKO-XUMUYECKUE
TIPUHINIBL IEHCTBHSA
CEHCOPHBIX cucTeM. IIpumepsrl.
VonHast uMILTaHTAIS
IIpUMecei B IOJIyTTPOBOAHUKH.
O06opy-noBaHue IS
IIPOBEAEHUS MPOLECCa HOHHOU
nmiutanTanuu. [Ipenmymiectsa
1 HEJOCTAaTKH HOHHOM




umIianTanuu. Pacuer
pacnpenesneHns BHEAPESHHBIX
noHoB. [TapameTpsl, xapakTepu-
3YIOIHE PacTpeaeIcHue
BHEJ[PEHHBIX HOHOB:
MIPOCLPOBAHHAS UTHHA
mpobera, IpOCHUPOBAHHOE U
6oxoBoe paccesiHue. [Ipu-
ommxenue [Tupcona ams
pacuera npoduien
nerupoBanus. Oco-0eHHOCTH
pacupenenenus Sb, As, P, BB
KpeMHuu. MonHo-
MIPOCKIMOHHAS TUTOTpadusL.
INonsTre o "msrkoit"
surorpaduy. MUKpOKOHTaKTHAs
1 HAHOKOHTAKTHasI TUTOrpadus.
MuxkposzonnoBas AFM -
suTorpadus ¢ UCIOJIb30BaHHEM
CaMOOPIaHU3YIOLIETOCs CIOS.
(Dip pen lithography).
MHoro3onnoBast AFM-
surorpadus (Milliped
lithography). KsanToBas
(mByx(oTOHHAS) TUTOTpAPHS.
JlerupoBanue u
aBTOJICTUPOBAHHE
SMHUTAKCHAIBHBIX TIICHOK
KpeMHHs. TexHoIoTnIecKoe
o0opy0BaHUE
SMUTAKCUATBHOTO pocTa. Bribop
ONTUMAJILHON TEXHOJIOTHH.
OnurakcuanbHble 1e(QEeKTHI.
Jlurorpaduyeckue mpoIeccs
HOBOT'O ITOKOJICHUS:
3KcTpeMasibHas Y O,
JJIEKTPOHHO-JTy4eBasi,
PEHTI€HOBCKasl, HOHHO-ITy4eBast
surorpadus. DIEKTPOHO- U
PEHTI€HOPE3UCTHI. Y CTPONUCTBO
JIEKTPOHHO-JTy4E€BOTO
CKaHHPYIOIIETO MUKPOCKOTIA.
HcToYHUKY 3JIEKTPOHOB.
IIpoex1yoHHas 3JIEKTPOHHO-
JIy4eBasi IuTorpadus ¢ yrioBbIM
OTpPaHUYEHHEM PACCESTHHBIX
anektpoHoB (SCALPEL).
CHHXpOTPOHHOE H3ITy4EHHE,
PCHTIEHOBCKHE Ia0IOHEI.
Martepuanbl HHTErpaIbHON
IIEKTPOHUKH. MaTepuansl A
MHK-POMEXaHUYECKHUX U
MUKPONTUYECKUX YCTPONCTB.
CpoiicTBa n pr3uueckme
rapaMeTpsl
MTOJTyTTPOBOTHUKOBBIX,
JVRJIEKTPUYECKUX, TIPOBOISIITIX
1 TIOJIMMEPHBIX MaTEPHAIIOB,
HCIONb3YEMBIX B
MHUKPOCHUCTEMHOH TEXHHKE.
Kpemnuuii - ocHOBHOI MaTepuan
MHUKPOCHUCTEMHOM TEXHUKH.
CBoiicTBa M TEXHOJOTUUECKUE
0COOEHHOCTH KPEMHHS.
[TomyyeHne MeTaTypru4eckoro
u kpemuus. [lonyuyenue
3JIEKTPOHHOTO KpeMHusA. MeTton
Yoxpansckoro u B3I1.




TexHosorus noyyeHus
KPEMHHEBBIX IIACTHH.
Knaccudukamus u mapamerpsl
KPEMHHEBBIX IIACTHH.
KouTpons napameTpon
KPEMHHEBBIX IIACTHH.
Cerperanus npumMeceil Ha
rpanune pazaena SiO2/Si.
OCOo0EeHHO-CTH POCTa OKHCHBIX
TUICHOK Ha BHEIIHUX U
BHYTPEHHHUX yIJIaX CTYIEHbKH
Ha KPEMHHUEBOH MOJIOXKKE.
LOCOS-texnonorus.
TexHOJI0rus TEPMUUECKOTO
OKHCJICHHS TITyOOKHX 1
HETJTyOOKHX N30IMPYIOMNX
KaHaBOK. MeTO/IbI OpeieIeHHs
TOJIIIHBI OKHC-HOW IICHKH.
Teopust HOHHOTO TOPMOXKEHUS
JIILIII. 3aBUCUMOCTH
TIPOEUPOBAHHOM IJTUHBI
mpobera, IPOCIUPOBAHHOTO U
OOKOBOTO paccesHUsl OT SHEPTUH
noHoB mid B, P, As,
BHeApsieMbIX B Si u Si02.

O dext KaHATHPOBAHHUS.
OO0pazoBaHuE pagHAIHIOHHBIX
nedex-toB. I30XpoHHEIH 1
N30TEPMHUYECKHUN OTKHUT
paauaIoOHHbIX Ae()EeKTOR.
Huddysus UMIUIaHTUPOBaHHON
MIPUMECH TIPU OTHKHU-TE.
BICTpBIi J1a3€pHBIA OTHKUT.
Hcnonb30BaHne HOHHOU UM-
IUTAaHTAIMU AT TeTTePUPOBAHUS
HE)KeNIaTeIbHBIX IPUMEcei U
nedexroB. Tepmuueckoe
OKHCJICHHE KpeMHus. PU3nKo-
XMMHUYECKHE CBOW-CTBA H
CTPYKTYpa INICHOK JHOKCHa
kpeMHus. TexHoiornue-cknue
PEeXHUMBI U 000pyIOBaHHE
TEPMUYECKOTO OKHCIICHUS KpeM-
Hus. beicTpoe TepMmuueckoe
OKHUCJIEHHE KpeMHHs. MexaHu3m
pocTa TepMHYIECKOTO OKHCIIA.
Mopgens Juna-I'poyBa pocra
Tep-MHUYECKOTO OKHCIIA.
OcoOeHHOCTH OKHCIICHUS B
CYXOM M BIIa>K-HOM KHCJIOPOJIE,
U B napax Bozbl. TexHomorun
CyXoro TpaBieHus. Busl
CyXOT0 TpaBJIEHU: ra30-(ha3Hoe,
IUTa3MEHHOE, PeaKTHBHOE
HOHHOE, pacnblieHue. ["a3o-
(hazHOE M30TPOITHOE TPABIICHHE
B XeF2. [Ina3mennoe
Tpasienne. CriocoObl CO3TaHus
1u1a3Mbl. Pa3HOBUTHOCTH cHCTEM
1 000py/I0BaHKE IIa3MEHHOTO
TpaBneHus. ['a3sl,
UCTIONIb3yEMBbIE B IJIa3MEHHOM
TpaBieHun. Pu3nveckue u
XMMHUUYECKHE SIBJICHUS B Ta30BbIX
paspsiaax. 3aBUCUMOCTh
CKOpPOCTH TPaBIICHUS U
CEJIEKTUBHOCTH OT COCTaBa
ra3oBoit cpenbl. Co3manne




MIACCUBHPYIOMINX OJIUMEPHBIX
IJIeHOK. TpaBieHue TUIEHOK
nomuuMuga. TeXHOIOTn4IecKue
Pa3HOBHIAHOCTH BBIPALMBAHHS
SMHUTAKCHAIBHBIX cioeB. ['azo-
¢aznas u xuIKO-(hazHas
snuTaKcus. BeipanBaHue
SMHUTAKCHAIBHBIX CJIOEB
KpeMHHUs U3 ra3oBoii ¢assl. [Ipo-
LIECCHI B IPUTPAHUYHOM CII0€
KPEMHHEBOM IIaCTUHBI B
peakTo-pe. XuMuueckas
KHHETHKA pocTa
SMHUTAKCHAIBHBIX TIICHOK
KpeMHus TexHosorus u
000pyI0BaHUE MOJICKYIISIPHO-
my4deBol snuTakcu-uu (MJID).
Konctpykunn 3¢ y3noHHBIX
siueek. Mexanusmel pocta MJID-
ieHok: Bonmepa-Bebepa;
Crpancku-Kpacranosa; @panka
BaH gep Mepae. KonTposnb
pocta MJID-inenok. Meron
ABD. [lpumenenne MJID st
TIOTY4eHHS] KBAaHTOBBIX TOYEK,
TPaH3UCTOPOB C BBICOKOH
TIOJIBIKHOCTBIO 3JIEKTPOHOB
(TBIID),
BBICOKOTEMIIEPATYPHBIX
CBEPXIPOBOJIHUKOB H CTPYKTYP
C TH-TaHTCKUM
MarHUTOCOIPOTUBIICHHUEM
®otonurorpadust. [lozutuBHbIC
Y HeraTHBHBIE (POTOPE3UCTHI.
TexHonornueckuii mporecc
¢doromurorpadun. B3priBHas
¢dorto-murorpadus.
dotomurorpaduyeckne
CHCTEMBI: KOHTAaKTHasl, C
MHKPO03a30pOM, TPOCKIIMOHHAS
1 MX pa3peniaonas crocoo-
HOCTb. [lyTHn ynyumenuns
paspenaroiiel CocOOHOCTH U
KauecT-Ba nepeadu
n3zo0paxenus. IcTouHuKH
U3JIy4YEeHUS HCII0JIb3ye-MbIe B
(doTtommTorpaduuecKux
cucreMax. MimmepcroHHas
¢doro-murorpadus. DneMeHTHAS
6a3a MMKPOCHCTEMHBIX
YCTPOWCTB: OHUITOJISIPHBIE U
MOII-TpaH3UCTOPBI.
[accuBHBIE MHTErpalibHbIC
AJIEMEHTBI: PE3UCTOPBI,
KOHJICHCATOPBI, NHIYKTUBHOCTH.
IIpumepsl TEXHOJIOrMYECKOH
peanuzanuu. Pacuer u
KOHCTPYHPOBaHHUE
HHTETpaJbHBIX TU()(y3HOHHBIX
1 UMIUIaHTUPOBAHHBIX
pe3ucropoB Pacuer u
KOHCTPYHPOBaHHUE
MHKPOIJIEKTPOHHBIX
KOHJICHCAaTOPOB U
WHJIYKTUBHOCTEH.




I[IK.2.B

yl. ymers
MIOJTb30BATHCS
YHUCIICHHBIMA
MOJEISIMA
TEXHOJIOTHYECKUX
MIPOLIECCOB

CVD-npoueccel. Pu3uko-
XUMHU4Ieckue mponeccel B CVD-
peakropax. Konctpykuun CVD-
peakTopoB. OCOOCHHOCTH I10-
KPBITHUS CTYTICHEK.
PaznoBununoctn CVD-
npoueccos: TCVD, APCVD,
LPCVD, VLPCVD, PECVD,
Photon-assisted CVD, Laser-
assisted CVD, MOCVD.
ANTUTUBHBIE TEXHOJIOTHU
HaHECEHUS TOHKUX IICHOK.
Tepmuueckoe BaKyyMHOE
ucnapenue. TexHomorus
HanbuteHns. CpaBHEHHE
TEXHOJIOTUH HCTIAPEHUS U
HanblieHus. JlazepHoe
HanblieHue. MlonHoe
KJIaCTEpPHOE HaIbIICHUE.
HonHoe nHanbpuieHne. Bnaxnoe
TpaBJIeHUE KPEMHHUSL.
ITapameTpsbl TpaBlieHHs U UX
3aBUCHUMOCTDH OT BHCIIHHUX
¢akrTopos. M3oTponHOE
TpasneHne. CocTaBbI ISt
TpaBIICHIS KPEMHHS,
TIPOBOIAIINX H
IUSJICKTPUICCKUX TUICHOK.
Xummdeckasi KHHeTHKa
H30TPOIIHOTO TPABJICHUS.
Kpussle H30TpOMHOTO
TpaBneHud. [Ipenmymiectsa u
HEIOCTAaTKH H30TPOIHOTO
TpaBieHus. Vcnonb3oBanue
BJIAXKHOI'O TPABJICHUSA IJIA
OYUCTKH KPEMHHUEBBIX ITJIACTHH.
HonHO-TIpOeKITMOHHAS
matorpadus. [lorsTre o
"msrkon" murorpadun.
MUKpOKOHTaKTHAs U
HAHOKOHTAKTHAs JTUTOTpaQus.
Muxkpo3zonnoBasi AFM -
nuTorpadusi ¢ UCMOJIL30BaHUEM
CaMOOPTaHU3YIOLIETOCS CIIOSI.
(Dip pen lithography).
MmuorozonaoBas AFM-
marorpadus (Milliped
lithography). KBanToBas
(mByx(oToHHAs) TUTOTpAPHSL.
JlerupoBanue u
aBTOJICTUPOBAHUE
SMHUTAKCHAIBHBIX TJICHOK
kpeMHus. TexHosornyeckoe
obopymoBaHue
SMUTAKCUATBHOTO pocTa. Beibop
ONTUMAJIILHON TEXHOIOTHH.
OnuTakcuanbHbIEe Ae()EKTHL.
IInasMoxumMudeckoe ocakacHUE
IUICHOK JIMOKCHU/Ia KPEMHUS,
HUTPHU/Ia KPEMHUS H
MOJIMKPHUCTAIUINYECKOTO
kpemHuust. O6opynoBaHue
TUIA3MOXUMHYECKOTO
ocaxxnenus. [lapamerpsl
IJ1a3MO-XUMHUYECCKOT' O
OCaXKJIEHMS U CTPYKTYpa IUIEHOK
PeakTrBHOE HOHHOE TpaBJICHHE
(RIE) 1 rmy6oK0€ peakTHBHOE

Kontpons
CaMOCTOSTEIBHOM
paboThI BO BpeMst
KOHTaKTa C
ACTIMPAHTOM

DK3aMEH, BOIIPOCHI
Nel3- Ne24




nonHoe tpasienue (DRIE).
O6opynosanue RIE u DRIE -
TEeXHOJIOTUI. BbICOKOUacTOTHAA
auonHas cucrema i RIE.
Mexanuszmsbl anuzotponuu RIE.
IIpenmymiecTBa 1 HEAOCTATKH
RIE u DRIE. Tpasienue
JUOKCUAA KPEMHUS, HUTPUIA
KpEMHUH,
MOJIUKPUCTAITMYECKOTO
KpEMHHUS, CUIHLUAO0B
TYTOIIIABKUX METAJJIOB U
anmromunus. [Ipumepsl
MHKPOMEXaHHIECKUX CHCTEM
nostydeHHbIX 1o DRIE -
texaosorun. Cerperamus
IIpUMECEH Ha TpaHuUIle pasaena
Si02/Si. OcobenHo-cTH pocTta
OKHCHBIX IJICHOK HAa BHEIIHUX U
BHYTPEHHUX yTJax CTyNEeHbKU
Ha KPEMHHUEBOU MOJIOKKE.
LOCOS-texHomnorusi.
TexHoa0rus TEPMUIECKOro
OKHCJICHHS TITyOOKHX 1
HETJTyOOKHX N30IHPYIOMINX
KaHaBOK. MeTo/IbI OTpeiesIeHHs
TOJIIIHBI OKUC-HOM TUICHKH.
Tepmudeckoe OKncIeHNE
KpeMHUs. DU3NKO-XUMHIECKHE
CBOM-CTBA U CTPYKTypa IUICHOK
JUOKCUIA KPEMHHUS.
TexHonoruye-cKue peKumsl U
000pyZI0BaHUE TEPMUIECKOTO
OKUCJICHUs KpeM-Husl. beicTpoe
TEPMUYECKOE OKUCIICHHE
KpeMHHs. MexaHu3M pocrta
TEepMHUYECKOT0 OKHcia. Mozens
Huna-I'poyBa pocTta Tep-
MHYECKOTO OKHCIIA.
OcoOeHHOCTH OKHCIIEHUS B
CYXOM H BJIa>K-HOM KHCJIOPOJIE,
U B I1apax BoAbl. TexHoJIoruu
CyXxoro TpasjieHus. Bunbl
CYXOT0 TpaBJIeHHUs: Ta30-(pa3Hoe,
IUIa3MEHHOE, PEaKTHBHOE
WOHHOE, pacnblieHue. ['azo-
(ha3HOE N30TPOIHOE TPABJICHUE
B XeF2. [Inazmennoe
TpaBieHne. CriocoObl CO3aaHMs
Tu1a3Mbl. Pa3HOBUTHOCTH CHCTEM
1 000pyI0BaHKE IIIa3MEHHOTO
TpaBneHus. ['a3sl,
HCTIOJb3YeMBbIE B MIJIa3MEHHOM
TpaBiieHUU. Pu3nUecKue 1
XUMHWYECKHE SBICHUS B Fa30BBIX
paspsigax. 3aBUCUMOCTh
CKOpPOCTH TPaBIICHUS U
CEJIEKTUBHOCTH OT COCTaBa
ra3oBoii cpensl. Co3nanue
MIACCUBHUPYIOLIMX MOJIUMEPHBIX
IUIEHOK. TpaBieHne ICHOK
noauuMuaa. TexHonoruyeckue
Pa3HOBUIHOCTH BbIPAILUBAHUS
SMUTAKCUAJIBHBIX C10€B. I'a30-
¢aznas u xuIKO-(hazHas
snuTakcus. BripanBanne
SMHUTAaKCHAIBHBIX CIIOEB
KpeMHHUs U3 Ta30Boi ¢asbl. [Ipo-




LIeCcChl B IPUTPAHUYHOM CII0€
KPEMHHEBOH IIACTHUHBI B
peakto-pe. XumMuieckas
KHHETHKa POcTa
SMHUTAKCHAIBHBIX TIICHOK
KPEMHHS DIEKTPOXUMHUIECKOE
OCaXIEHUE METATHIECKUX
IUIeHOK. Tep-MoanHaMuKa
AIIEKTPOXUMHUYECKOTO
ocaxxaenus. Kunernaeckuit
AKTHBAIIMOHHBIN 1

1 y3MOHHBIN KOHTPOJIb
NMEKTPOXUMHUUECKHUX PEAKIIHH.
Henuneitapie nuddy3noHHbIe
3¢ deKTHL. 3aKTIoUnTeNbHAS
JIEKIHSL.

2. MeToauka olleHKH 3TanoB (opMUpOBaHUs KOMIIeTeHIHIl B pamkax MoayJis ""TBepaoreibHas
3J1eKTPOHUKA, PAJIN03JIEKTPOHHBbIE KOMIIOHEHThI, MUKPO- H HAHO3JIeKTPOHHUKA, IPUOOPHI HA
KBaHTOBBIX 3(pdekTax (MOay./1b)" 10 MaTepHaIaM AMCHUILIHHBI.

[IpomexxyTounast arrecraumss 1no MoAyJaw ''TBepaoresbHast 3J1eKTPOHMKA, PAAMO3JIEeKTPOHHbIE
KOMIIOHEHTbI, MUKPO- M HAHOYJIEKTPOHMKA, NPUOOPHI HA KBAHTOBBIX 3(pdexTax (MoayJn)'" mo
MaTepuajiaM JIMCUHMILIMHBI MPOBOIUTCS B 6 cemecTpe - B (hopMe dK3aMeHa, KOTOPBIM HaIlpaBlieH Ha
orieHKy copmupoBanHocTy kommneteHimi [1K.2.B.

DK3aMeH MPOBOAMTCS B MUCHBMEHHOW (pOpME C MOCIEIYIOIUM YCTHBIM COOECEOBAaHHUEM IO BOMPOCAM
OuieTa u JONOJIHUTENIBHBIM BONpOcaM. buiieT coaep kuT Tpu BoIpoca M0 COAEPKaHUI0 TEXHOJIOTMUECKON
yacTh 00pa30BaTEIbHON MPOrpaMMBbl U CaMOCTOSITENIbHON padoThl acniupanTa. Borpocs! i HOArOTOBKU
IPUBEJICHBI B [1aCIOPTE K 3K3aMeHy. Bpems moaAroroBku oTBeTOB Ha BOIpPOch 60 MUHYT.

OO01me npaBuiia BEICTABICHUS OLICHKH 10 AUCLUILIMHE ONPEAEIIAI0OTCS 0aIbHO-PEUTHHTOBON CUCTEMOM,
NpUBEIEHHOM B paboueil mporpamme Mmoxayis "TBepaoTenbHas 3JIEKTPOHUKA, PaJMO3JIEKTPOHHBIE
KOMITOHEHTBI, MUKPO- U HAaHORJIEKTPOHHKA, TPUOOPHI Ha KBAHTOBBIX 3¢ dekTax (MOAynb)" Mo MaTepuaiamMm
JUCIUIUINHBI.

Ha ocHOBaHMM NpHBEIEHHBIX Jajiee KPUTEPUEB MOXKHO CJieNaTh OOIIUi BBIBOA O C(HOPMUPOBAHHOCTU
xomnetreHuu [1K.2.B, 3a koTopble 0TBeUaeT NMCHUIUIMHA, HA PA3HBIX YPOBHSX.

O01mas xapaKkTepucTHKA YPOBHEH 0CBOCHHS KOMIIETEHIUM.

Hu:ke moporoBoro. YpoBeHb BBINOJHEHHS PabOT HE OTBEYaeT OOJIBIIMHCTBY OCHOBHBIX TpeOOBaHUA,
TEOPETUYECKOE COJIEpKAHNE Kypca OCBOCHO YaCTHYHO, IIPOOENbl MOI'YT HOCUTbH CYILIECTBEHHBIH XapakTep,
HE00XO0/IMMBbIE IPAKTUYECKHE HABBIKU Pa0OThI C OCBOEHHBIM MaTEpHUaioM CPOPMHUPOBAHBI HE TIO0CTATOYHO,
OOJBIIMHCTBO MPEIYCMOTPEHHBIX INPOTrpaMMON OOydeHHUs y4eOHbIX 3aJaHMi HE BBIOJIHEHbBI WIN
BBITIOJTHEHBI C CYIIIECTBEHHBIMU OLIUOKaMHU.

IloporoBblii. YpoBeHb BBIIOJHEHUS PAa0OT oOTBeYaeT OOJBIIMHCTBY OCHOBHBIX TpeOOBaHUiA,
TEOPETHUYECKOE COZIEPKAHNE Kypca OCBOEHO YaCTUYHO, HO IPOOEIbl HE HOCAT CYIECTBEHHOI'O Xapakrepa,
HEO0XO/IMMBbIE MPAKTHUYECKUE HABBIKA pabOThl C OCBOEHHBIM MaTEpHaIOM B OCHOBHOM C(HOpPMHUPOBAHBI,
OOJIBIIMHCTBO MPEAYCMOTPEHHBIX IMpOrpaMMoil 0OydeHus y4eOHBIX 3a/laHui BBIMOJIHEHO, HEKOTOpHIE
BU/IbI 33JIaHUH BBIIIOJIHEHBI C OIINOKaMHU.

Ba3oBblii. YpoBeHb BBINOJHEHHS] pabOT OTBEYA€T BCEM OCHOBHBIM TpEOOBaHUSIM, TEOPETHUYECKOE
COJIEpKAHUE Kypca OCBOEHO IOJHOCTBIO, 0€3 MpOoOEenoB, HEKOTOPbIE NMPAKTHUYECKHE HAaBBIKU PAOOTHI €
OCBOEHHBIM MaTepuanoM chopMUpPOBaHbl HEOCTATOYHO, BCE MPEAYCMOTPEHHBIE MPOrpaMMoi oOyueHUs
yueOHbIe 3aJJaHUs BBIIIOJIHEHBI, KAYECTBO BBIMOJIHEHHUSI HU OJHOTO M3 HUX HE OLEHEHO MUHUMAJIbHBIM
YHCIIOM 0aJIOB, HEKOTOPBIE U3 BHINOJIHEHHBIX 33JaHUH, BO3MOXKHO, COJIEpHkKaT OIIUOKH.



IIpoaBMHYTHI. YPOBEHb BBHINOIHEHNS pabOT OTBEYAET BCEM TPEOOBAHUSIM, TEOPETUUECKOE COJICpPIKaHNe
Kypca OCBOEHO MOJHOCTBIO, 6€3 MpoOesoB, HE0OXO0AMMbIE PAKTUYECKUE HAaBBIKU PabOTHI ¢ OCBOCHHBIM
MatepuaioM c(hopMUpOBaHBI, BCE NPEAYCMOTPEHHBIE MPOrpaMMoOi oOyueHHs YdeOHbIE 3aJaHus
BBITOJIHEHBI, KAYECTBO X BBIIMOJIHEHHS OLICHEHO YHCIOM 0aioB, OJU3KUM K MAaKCUMAIIbHOMY.



DenepanbHOE TOCYAaPCTBEHHOE OI0KETHOE 00pa30BaTEIbHOE YUPEKICHHE
BBICITICTO OOpa30oBaHUs
«HoBocubupckwii rocy1apcTBEHHBIN TEXHUYIECKIH YHHBEPCUTET»

Kadenpa nonynpoBoAHUKOBBIX IPUOOPOB U MUKPOITEKTPOHUKU

HacnopT IK3aMCHa

o Moy "TBepaoTeNnbHAs ANEKTPOHUKA, PAUOIIEKTPOHHBIE KOMIIOHEHTHI, MUKPO- U
HAHO3JICKTPOHUKA, IPUOOPHI HA KBAHTOBBIX d(dekTax (MOAyIb)" M0 MaTepruaiaM JUCITUTLINHBI
«ducnumuinHa o BeIOOPY acnupanTa: TexHosnorus nprudopoB MUKPOCUCTEMHOM TEXHUKU Y, 5
ceMecTp

1. Mertoauka oleHKH

DK3aMeH MPOBOAUTCS B MUCHbMEHHOI U YCTHOU (opme B Buje cobeceoBaHus, 1o Ouneram. bumer
(dbopMupyeTCsI TIO CIISTYOIIeMY TIPAaBIITY: TIEPBBIN BOIPOC BEIOMpACTCS U3 AUaria3oHa BorpocoB Nel -
No8, BrOpo#t Bonpoc u3 auana3zoHa BorpocoB Ne® - Nel6. TpeTuii Bompoc U3 auara3oHa BOMPOCOB
Nol6 - Ne24. (criucok BOMpoCcoB MpHUBeieH HIKE). B xo/1e sx3amMeHa npenogaBatelib BIpaBe 3a/1aBaTh
CTYZIEHTY JAOMOJIHUTEIbHBIE BOPOCHI U3 00I1Iero nepeyns (Ii. 4).

(I)OpMa OK3aMCHAIIMOHHOI'O ouiera

HOBOCHUBUPCKUI I'OCYTAPCTBEHHbBIN TEXHUYECKNUIN YHUBEPCUTET
daxynpTeT POD

Bujger Ne 1
K 9K3aMeHy N0 JUCLUUIUINHE «J{MCIUIInHA 110 BEIOOPY acnupaHTa: TeXHOJIOrus MpruOopoB
MHUKPOCHCTEMHOM TEXHUKU»

1. PeaxtuBHOe noHHoe Tpasienue (PUT) u riiybokoe peakTHBHOE HOHHOE TPaBJIECHUE
(I'PUT).

2. TlpoekuoHHas 371eKTPOHHO-Ty4eBas IUTOrpadus ¢ yriIoBbIM OrpaHUYCHHEM
paccessHHBIX 71eKTpoHOB (SCALPEL). CHHXpOTpOHHOE M3TyYEeHUE, PEHTTCHOBCKUE
120JIOHBI.

3. Marepuasibl THTErpaabHOM 3JIEKTPOHUKH. Marepuansl JUisl MUKPOMEXAHUYECKUX U

MHKPONTHYECKUX YCTPOMCTB.

YTBepxaato: 3aB. Kapeapon Iaiicnep B.A.
(monnuce)

(mata)

2. Kpurepuu oueHku
* OrtBeT Ha PK3aMEHAIIMOHHBINA OWIIET CUMTAETCS HEYIOBIECTBOPUTEIBHBIM, €CIIU ACMHUPAHT MPU
OTBETE Ha BOIPOCHI HE JIACT ONpPECIICHINH OCHOBHBIX TIOHSATHH, HE CIIOCOOCH IMOKa3aTh PUIHHHO-
CIICZICTBEHHBIC CBSI3U SIBJIICHUH, IOMTyCKAET MPUHIUITHATBHBIC OIINOKH,
ouenka cocrasiisier 0-19 Oamios.
* OTBeT Ha PK3aMEHAITMOHHBIN OHJIET 3aCUUTHIBAETCS HA TIOPOTOBOM YPOBHE, €CITH ACUPAHT MPU
OTBETE Ha BOIIPOCHI JIaC€T ONPEACICHHE OCHOBHBIX IIOHSATHH, MOXET II0Ka3aTh HPUIHHHO-



CIICZICTBEHHBIC CBSI3M  SIBIICHWM, JOMYCKaeT HENPUHIUNHUAIbHBIE OIMUOKH, Hampumep,
BBIYHCIIMTENBHEIE, OlleHKa cocTtaBisier 20-29 Oayios.

* OrtBeT Ha 3K3aMCHAIIMOHHBIN OWJIET 3aCUMTHIBACTCS HAa 0A30BOM ypPOBHE, €CIIM aCHHPAHT MPHU
OTBETE Ha BOIPOCH (OPMYJIMPYET OCHOBHBIC MIOHATHS, 3aKOHBI, AT XapaKTEPUCTUKY MPOIIECCOB,
SBIICHHW, TIPOBOAWT AaHAU3 TPUYHH, YCJIOBUH, MOXET TMPEACTABUTh KAUECTBEHHBIC
XapaKTEPUCTHKH MPOIIECCOB, HE JIOMYCKAET OIIMOOK P OTBETaX Ha BOIPOCHI,

orenka cocrasisier 30-35 Oamios.

* OrTBeT Ha ’K3aMEHAIIMOHHBIA OMJIET 3aCUMTHIBACTCS HA MPOJABHHYTOM YPOBHE, €CIM aCIUPAHT
IIPU OTBETE HA BOMPOCHI MPOBOAMUT CPABHUTEIBHBIM aHAIHU3 TIOJXOJIOB, MPOBOJAUT KOMIUICKCHBIN
aHallu3, BBIABJSICT NPOOJEMBI, IpejiaracT MEXaHHU3Mbl PEIICHHS, CIIOCOOCH IPEICTaBHTh
KOJINYECTBEHHBIC XAPAKTEPUCTHKHU OIPEICICHHBIX MPOIECCOB, MPUBOIUT KOHKPETHBIC MPHUMEPHI
U3 TPAKTHUKH, HE JOMYCKAeT OMIMOOK M CIOCOOEH 00OCHOBATh BHIOOP TEXHOJIOTMYECKOIO METOJIa
W3TOTOBIICHHS TPHOOpa,

oleHka cocrasiisier 36-40 OasuioB.

3. IIxaua oueHkHn

B 00mieit orieHke 1o JUCIUIUIMHE 3K3aMEHAIMOHHBIC OAJTBl YYUTHIBAIOTCS B COOTBETCTBHH C
npaBujaMu  Oa/UIbHO-PEHTUHTOBOW CHCTEMBI, IPUBEICHHBIMA B paboyeil mporpamme
JTACILHIIIAHEL.

4. Bompocsl K 5K3aMeHY N0 JUCHHMILIMHE «/{uciuminza no Beidopy acnupanTa: TexHomorus
pUOOPOB MUKPOCUCTEMHON TEXHUKI

1. Peaktusnoe nonHoe tpasienue (PUT) u rmybokoe peaktuBHOe noHHoe Tpasnenue (I'PUT).
2. O6opynoBanue PUT u I'PUT - texnomoruii. BeicokouacrotHas quoanas cuctema st PUT.
Mexanusmel anusorponuu PUT. Tlpeumymecrsa u Hegocrarku PUT u I'PUT.

3. TpaBienne oHOKCHAAa KPEMHHS, HHUTPUIA KPEMHUS, IMOJHKPHCTALUTMYECKOTO KPEMHHS,
CUJIMLIMJIOB TYTOIUIABKMX METAIJIOB U aJTFOMUHMS.

4. Muxkpomexanndeckue cucreMsl, nomydeHssle o I PUT - texnonorum.

5. CVD-nponeccsl. Puznko-xummuyeckue mnpoueccel B CVD-peakropax. Koncrpykuun CVD-

peakTopoB. OcobeHHOCTH MOKpBITHA cTyrneHeK. PaznoBuaHoct CVD-npoueccos: TCVD, APCVD,
LPCVD, VLPCVD, PECVD, Photon-assisted CVD, Laser-assisted CVD, MOCVD.

6. N3oTponHOE TpaBneHWe KpeMHHsA. XHMHYECKas KHHETHKA TPABJICHUSI KPEMHUSL.
Iomupyromye 1 CelIeKTUBHBIE TPABUTENN. TpaBlieHUE JUOKCHIA KPEMHMUSL.
7. AHU30TPOITHOE  TPABJICHUE KpPEMHMs. AHUW3OTPOIIHBIE TPABUTENH JUIA  KPEMHHSL.

Ocob6ennoctu Tpasienus miockocreit (100), (110) u (111). OcobeHHOCTH TpaBIEHHs BHEIIHUX U
BHYTPEHHHX YIJIOB. 3aBUCMOCTh CKOPOCTH TPABJICHUS OT KOHIICHTPAIIMU MPHUMECH B TIOJIOKKE U
TEMIIePATypPhI TPABUTETISL.

8. AHM30TPOIHOE CTOI-TpaBiieHHE. VIcnop30BaHNe aHU30TPOITHOTO TPABJIEHHS IIPU CO3AaHUN
MHUKPOCHCTEM.

9. 301b-Telb METO/ OCaKAECHHS IJICHOK.

10.  TexHonOrust >AEKTPOXUMUIYECKOTO OCAKICHHS TIICHOK.

11. Texnonorust Mukpo-npeccosanusi. LIGA- npouecc.

12. VoHHO-pOEKIMOHHAS TUTOTpadus.

13. [Tousitre o "msrkoit" nurorpaduu. MUKpOKOHTaKTHasi 1 HAHOKOHTAKTHAs IUTOrpadusl.

14.  Muxkposzonnosas AFM -nurorpadus ¢ ucronab30BaHuEM camoopranusytomerocs ciost. (Dip

pen lithography). MmuorozongoBas AFM-murorpadus (Milliped lithography). KsantoBas
(mByx(oToHHAsT) TUTOTpaUSL.

15. Jlutorpadrueckue MPOIECChl HOBOTO TOKOJICHHUS: S3KCTpeMaibHas Y@, 3JIeKTpOHHO-
Jy4eBasi, PEHTTCHOBCKAsl, HOHHO-Ty4eBas TUTOrpadus. DINEKTPOHO- U PEHTT€HOPE3UCTHI.

16. Y CTpOoNCTBO 3IEKTPOHHO-TYYEBOT0 CKAHUPYIOIIEr0 MUKPOCKOIA. ICTOUHMKY 3JIEKTPOHOB.



17.  TIpoeKinmoHHas JIEKTPOHHO-TyuYeBasi JUTOrpadusi ¢ yrioBHIM OrpaHHYCHHEM PACCESTHHBIX
aekTpoHOB (SCALPEL). CHHXpOTpOHHOE U3ITyYeHHE, PEHTTEHOBCKUE I11a0JIOHBI.

18. Marepransl MHTErpajlbHOM JIEKTPOHMKH. Marepuansl [Uli  MHMKPOMEXAaHUYECKHX H
MHUKPOIITHYECKUX YCTPOUCTB.
19. CpoiictBa ¥  (u3nueckue MapamMerpbl  MOJYIPOBOJHUKOBBIX,  JHAJIEKTPHUUYECKUX,

MNpoBOAAINIMX W IIOJHMMCPHBIX MATCPpHUAJIOB, HCIIOJIL3YCMbIX B TBGpHOTCJIBHOfI OJICKTPOHUKEC U
MHKpOCHCTeMHOfI TECXHUKCE.

20. Kpemnuii - 0OCHOBHOM MaTepral MUKPO3JIEKTPOHUKY U MUKPOCUCTEMHOM TEXHUKHU.

21. TexHomorust 1 000pyIOBaHKE MOJICKYJIIPHO-ITydeBoi snuTtakcuuu (MJID). Koncrpykium
3 Py3UOHHBIX STUCEK.

22. Mexanusmbl pocta MJID-menok: Bonmvepa-Bebepa; Crpancku-Kpacranosa; ®panka BaH
nep Mepse.

23. KonTtposns pocra MJID-tuienok. Meroa J1b0.

24. [Ipumenenne MJID pans nomydeHHs KBAHTOBBIX TOYEK, TPAH3UCTOPOB C  BBICOKOM

MOJBIKHOCTBIO 35eKTpoHOB (TBIID), BbIcOKOTEMIIEpPaTypHBIX CBEPXIIPOBOJHUKOB M CTPYKTYp C
TUTaHTCKUM MarHUTOCOMPOTHUBIICHHEM



