Paboyasi nporpaMma AUCLUMNAVHBI

TexXHONOorn4eckme NPoLECChl MUKPOINEKTPOHMKM

1. BHewHWe TpeboBaHUs

Tabnmuya 1.1
KomneTeHUnn
pynna »
VHAVKaTopbl JOCTUXKEHUS KOMMETEHLMIA
MpoteccroHabHbIe MK.2.B roToBHOCTbIO K MPUMEHEHWIO CTATUCTUYECKUX METO0B B PaAMON0KALMOHHBIX U
KOMMeTeHLN pafuoHaBUraLMOHHbIX CUCTEMAX

MK.2.B.3-1.1 3HaTb Kaccuyeckmne TeEXHOMOTMYeCKme NPOoLLECChl U3roTOB/IEHNS
VHTErpasibHbIX MUKPOCXEM U MUKPOCUCTEMHOMN TEXHWUKM

MK.2.B.¥1 ymeTb Nosib30BaThCA YACNEHHBIMU MOLENAMMW TEXHOIOMMYECKUX MPOLLECCOB

2. TpeboBaHua HI'TY K naaHMpyemMbIM pesysibTaTam 00y4eHUsi, COOTHECEHHbIM C
NHAMKATOpaMu LOCTUDKEHNS KOMMETEHLUWNI

Tabnmua 2.1

VIHAMKaTOPbI AOCTUXKEHWS KOMMETEHLMI

PesynbTaTbl 06y4eHNs

PopmMbl opraHusaymmn
3aHATUI

MK.2.B.31 3HaTb K/lacCUYeCKMe TeXHOMOTMYECKME MPOLIECChl U3rOTOB/IEHNA
NHTErpasibHbIX MUKPOCXEM U MUKPOCUCTEMHOMN TEXHUKMU

CamocTosTe/bHas paboTa

MK.2.B.31 3HaTb K/1laCcCUYECKMe TEXHOMOTMYECKIME MPOLIECChI U3rOTOB/IEHNA
NHTErpasibHbIX MUKPOCXEM U MUKPOCUCTEMHOMN TEXHUKMU

CamocTosTe/bHas paboTa

MK.2.B.31 3HaTb K/1aCCUYECKME TEXHOMOTNYECKME MPOLIECChI U3rOTOB/IEHNA
NHTErpasibHbIX MUKPOCXEM U MUKPOCUCTEMHOM TEXHUKMU

CamocTosTe/bHas paboTa

MK.2.B.31 3HaTb KlacCn4ecKmne TeXHOMOTMYECKIME MPOLIECChI U3rOTOB/IEHNA
NHTErpasbHbIX MUKPOCXEM U MUKPOCUCTEMHOM TEXHUKU

CamocTosTeNbHas pa6oTa

MK.2.B.31 3HaTb K/laccuyeckme TeXHOIOMMYeCKMe MpoLecchl 3roToB/EHNS
WHTErpasibHbIX MUKPOCXEM Y MUKPOCUCTEMHOI TEXHWKU

CamocTosiTenbHas paboTa

MK.2.B.31 3HaTb K/laccuYecKme TeXHOIOMMYeCKme npoLecchl U3roToB/EHNS
MHTErpa/lbHbIX MUKPOCXEM Y MUKPOCUCTEMHON TEXHWKU

CamocTosiTenbHas paboTa

MK.2.B.yl ymMeTb M01b30BaTLCA YNCIEHHLIMU MOAENAMU TEXHOMOM MYECKMX
MpoLLeccos

CamocTosTe/bHas paboTa

MK.2.B.yl ymeTb Monb30BaTbCA YNCIEHHBIMU MOAENAMU TEXHOMOTMYECKMX
npoLeccoB

CamocTosTe/bHas paboTa

MK.2.B.yl ymeTb M0/b30BaTLCA YNCIEHHBIMU MOAENAMU TEXHOMOTMYECKMX
npoLeccoB

CamocTosTe/bHas paboTa

MK.2.B.y1 ymMeTb N0/b30BaThCSA YNCNEHHBIMU MOAENSMMN TEXHONOTUYECKUX
MpoLLeccoB

CamocTosTe/bHas paboTa

|_|K.2.B.yl YMETb NM0/1b30BaTbCA YACNTEHHBIMWN MOAENAMMN TEXHOTOMNMYECKNX
npoweccos

CamocTosTe/bHas paboTa

MK.2.B.yl ymeTb N01b30BaTLCA YNC/IEHHBIMU MOAENAMW TEXHOMOTMYECKMX
npotweccos

CamocTosTeNbHas paboTa

3. CofepxaHue 1 CTPYKTypa AUCUUNAVHBGI

Tabnmuya 3.1
Tembl gns Vis Hix B AKTUBHbIE WHpnkaTopsl
Yacbl |dopme npakT. (opMbl, uac, | AOCTWKeHUs YyebHasa aeaTeNnbHOCTb
CaMOCTOSATE/TIbHOr0 N3y4YeHUst nogr., vac. cuac. | o oo

CemecTp: 5

AnpakTuueckasn eavHULA: TeXHOIornsi 1 06opyAoBaHme MOJIEKYNSPHO-/TyUeBOI aNMTaKcUnn

(MN13).




1. TexHonoruna u
06opyoBaHue
MOJIEKYIIPHO-Ny4eBOiA
anuTakcunn (M13).
KoHCTpyKUmn 3thhy3nNOHHBIX
A4eek. MexaHn3Mbl pocTa
MJ13-nneHokK:
Bonmepa-Bebepa;
CtpaHckun-KpacTtaHosa;
®paHKa BaH aep Mepse.
KoHTposnb pocTa
M3-nneHok. Metog AB3.
MpumeHeHne MJ13 ans
MoNyYeHNs KBaHTOBbIX TOYEK,
TPaH31CTOPOB C BbICOKOM
MOABVXKHOCTbHIO 3/1EKTPOHOB
(TBIM3),
BbICOKOTEMMEPATYPHbIX
CBEPXMNPOBOAHUKOB U
CTPYKTYP C FTUraHTCKUM
MarH1MTOCONpPOTUB/IEHNEM

23

MK.2.8.3-1.1
[MNK.2.B.Y1

CaMOCTOATE/IbHOE N3YyYEHNE

AnpakTuyeckas eavHULA: VIOHHO-NPOeEKLMOHHAs NuTorpadust

2. 'oHHO-NpoeKLoHHasA
nutorpagms. MoHaTne o
"MArKor" nuTorpapuu.
MUKPOKOHTaKTHasA 1
HaHOKOHTaKTHas imTorpagus.
Mwkpo3oHgosasd AFM
-nuTorpadus ¢
1C-M0Nb30BaHNEM
CaMOoOpraHm13yHoLLEerocs cos.
(Dip pen li-thography).
MHoro3oHz0Bas
AFM-nutorpadgums (Milliped
lithography). KeaHToBas
(aBYXhOTOHHas) nuTorpacms.

24

MK.2.8.3-1.1

CaMOCTOATE/TIbHOE N3yYEHNE

AvpakTyeckas eanHMLa: AHM30TPOMHOe TpaB/ieHNe KpeMHMUS

3. AH/30TPOMNHOE TPaB/eHNe
KpeMHMA. AHU30TPOMNHbIE
TpaBUTENM [/ KPEMHUS.
OcobeHHOCTU TpaB/eHNs
nnoc-koctei (100), (110) n
(111). OcobeHHOCTH
TPaBNeHNs BHELUHUX W
BHYTPEHHVX YT/0B.
3aBMCUMOCTbL CKOPOCTK
TPaBNeHNs 0T KOHLeHTpauum
MPYIMECH B NMOZL/IOXKE W
TemM-rnepaTypbl TpaBUTenNs.
Cron-TpaBneHue.
Vcnonb3o-BaHue
aHM30TPOMHOI0 TPaB/ieHNs
Mpy CO3[4aHNN  MUKPO-CUCTEM.

24

MK.2.8.3-1.1

CaMOCTOATE/TIbHOE N3yYEHNE

AunpakTndeckasa eguHuLa: PeakTBHOE MOHHOe TpaBrieHne (PUT) u rny6okoe peak-TUBHOE NOHHOE

TpasneHue (FPUT).




4. PeaKT/BHOE NOHHOE
TpasneHvie (PUT) n rnybokoe
peakTMBHOE NOHHOE
Tpasnexue (FPAT).
O6opyposaHue PUT n FPUT -
TEXHOMOT WA
BbicokoyacToTHaa anofHas
cuctema gna PUT.
MexaHn3mbl aHU30TpONUA
PUT. TMpenmyLLecTsa u
HegocTaTku PUT n rPUT.
TpasneHve amokcmaga
KpeMHWs, HATPUAA KPeMHMS,
NOSIMKPUCTANIINYECKOTO
KpemHusl, CUNnLML0B
TYroniaBkmx MeTansios v
IIOMUHNUS.
MwuKpomexaHnyecKkme
CUCTEMbI, MOMYYEHHbIe Mo
"PUT - TexHonoruu.

25

MK.2.8.3-1.1
[K.2.B.Y1

CaMOCTOATE IbHaA pa60Ta

ﬂII/I,U,aKTI/I‘-IECKaFI eanHnua: MaTepmanbl I/IHTerafIbHOI7I INTIEKTPOHUKN.

5. Matepuasibl UHTErpasibHoiM
3NEeKTPOHMKN. MaTepuansl Ans
MUKPOMEXaHUYECKUX U
MMKPONTUYECKNX YCTPOCTB.
CaoiicTBa 1 r3nyeckune
napameTpbl
MoNynpoBOAHNKOBBIX,
AV3NEKTPUYECKUX,
MPOBOAALLMX U NMOMMEPHBIX
maTepuasnos, UCMO/b3yeMbIX B
TBEPAOTE/IbHON 3NEKTPOHUKE 1
MWUKPOCUCTEMHON TEXHUKE.
KpeMHwii - 0CHOBHOWA
maTepuan MMKPOCUCTEMHOM
TEXHVIKN.

25

MK.2.B.Y1

CaMOCTOATE/IbHOE N3YyYEHNE

AvpakTnyeckas eanHuua: Jintorpaguyeckme NpoLecchbl HoB

0ro rnoko’sieHnA

6. Jlutorpadumyeckne
NPOL,EeCChbl HOBOTO MOKO/EHNS:
3KC-TpemasibHaa Y@,
3/1EKTPOHHO-/TyYeBas,
PeHTreHoBCKas,
WNOHHO-Ny4YeBas imtorpagus.
DNEeKTPOHO- U
PEHTIeHOPe3nCThI.
YCTpOICTBO
3/1IEKTPOHHO-/Ty4eBOro
CKaHMpPYHOLLIEro MMKpocKona.
VICTOUHWNKM 3/1EKTPOHOB.
MpoekumoHHasA
3/1eKTPOHHO-NTyYeBas
nuTorpagums ¢ yrnoBbim
OrpaHNyeHneM paccesHHbIX
anekTpoHoB (SCALPEL).
CVHXPOTPOHHOE 13/yYeHwe,
PEHTreHOBCKME Lab/oHbI.

25

MK.2.8.3-1.1
[MK.2.B.Y1

CaMOCTOATE/TIbHOE N3yYEHNE

Anpaktuyeckaa egmHuua: CVD-npoleccbl




7. CVD-npouecchl.
DU3NKO-XMUYECKNe
npoteccol B CVD-peakTopax.
KoHCTpyKUnn
CVD-peaKTopos.
OC06EHHOCTM MOKPbITKS
CTyrneHeK. PasHOBUAHOCTHU
CVD-npoueccos: TCVD,
APCVD, LPCVD, VLPCVD,
PECVD, Photon-assisted
CVD, Laser-assisted CVD,
MOCVD.

25 0 0 MK.2.B.Y1 |camocToATeNbHOE N3yyeHue

AnaakTudeckas eavHnLa: 30/1b-reflb METO[ 0CaKAEHNS NIEHOK

8. 30nb-rens MeToq,
OCaX[EeHWS MNEHOK.
TexHosnorus
3M1eK-TPOXMMUYECKOr0

20 0 0 MK.2.B.Y1 |camocToATeNbHOe U3yyeHne
OCaX[EeHMNSA MNEHOK.
TexHonorus
MukKponpeccosaHus. LIGA-
npovecc.
3.2 CamocTosATeIbHasi paboTa oby4atoLerocs
Tabnmua 3.3
o VIHAnKaTopb! Yacbl Ha Uackl Ha
Ne Buabl caMocToATeIbHOM paboThl LOCTVKEHUSA
< |BbIMOIHEHWE |KOHCYNbTaL N
KOMIMETEHLNI
CemecTp: 5
CamMoCToATE/NbHOR M3YYEHWe TEOPETUYECKOrO NMK.2.B.3-1.1,1M1
1 191 0
maTepuana K.2.B.Y1

CTy[eHT usyyaeT TeMbl, MpUBeAEHHbIE B Tabnuue 3.1

4. NpaBuna aTTecTauum 0byyaroLmMxcsa No AUCUUMINHE

[ns atTecTaumm obyyaroLwmxca no AUCUUNIMHe NCMOoNb3yeTcs 6anNbHO-PeNTUHIOBas c1UcTeMa
(BPC), no3sosnisoLLas BbICTaBNATb OLEHKM MO TPaAULMOHHOM LWKane n 15-yposHesoii ECTS.
KpaTkas nHhopmaumsa o BPC npusegeHa B Tabn. 4.1.

B Tabnuue 4.2 npencrasieHO COOTBETCTBME (POPM KOHTPO/IS 3adB/1ISiEMbIM TPEBOBaHNAM K
pesynbTaTtam 0CBOEHWS AUCLUMVHBI.

Tabnuua 4.2
dopmbl
Kogpl p
o KOHTpoONA

KOMMeTeH MHANKATOPbI AOCTMXKEHUS KOMMETEeHLUN

uui
MK.2.B MK.2.B 31. 3HaTb Knaccu4yeckme TeXHOI0rMYeCcKme NpPoLLecchbl U3roToBAeHUA MHTErPasibHbIX MUKPOCXEM Y

=" | MMKPOCUCTEMHOI TEXHWKU
MK.2.B y1. ymeTb Nonb30BaTbCA YNC/IEHHLIMW MOLENAMY TEXHOMOTMYECKMX NPOLIECCOB

OLeHOYHbIe cpeacTsa Mo AucumnianHe "TexHoM0ornyeckmne NpoLeccbl MUKPO3IEKTPOHUKM'™ BXOAAT
B cocTaB (hoHAA OLIEHOYHBIX CPeAcTB No moaynto (NpunoxkeHune Ne 1 K paboyein nporpamme).

5. JlutepaTtypa




OcHoBHas nMTepaTypa

1. dparynos B. [1. OcHOBBI HAHORJIEKTPOHUKH : ydeOHOE ocoOue A1 By30B 10 HAIMPaBIEHUIO
"DIeKTPOHUKA U MHUKPOIJIEKTPOHHUKA", CIIEUATBHOCTAM "MUKPOIJIEKTPOHUKA U TBEPAOTETbHAS
anextponrka" u "Mukpocuctemuas texuuka" / B. I1. [Iparynos, U. I'. HeusBectHsiii, B. A.
I'pumuun. - Mocksa, 2006. - 494 ¢. : nn.
2. bapeibun A. A. DneKTpOHHUKA U MUKPOIJIEKTPOHUKA (DU3UKO-TEXHOIOTMYECKIE OCHOBHI :
yueOHoe mocobue i By30B 1o HampasiaeHusM 550700 u 654100 "DnexTpoHnka u
mukposiekTpornka” / A. A. Bapeiousn. - M., 2006. - 423 c. : u.
3. Jl:xxexcon P. I'. Hosetimne natuuku / P. I'. JI>xkekcon ; mep. ¢ anrn. B. B. Jlyaununa. - M., 2007. -
380 c. : mim.
4. ITyn Y. HanoTtexHo0THY : yueOHOE TTOCOOME 110 HAapaBieHU o moArotoBku "Hanorexnomorun"
/Y. Myn-ma., @. OysHc ; niep. ¢ anra. nox pea. FO. Y. Tonosuna ; non. B. B. JIyunauna. - M.,
2006. - 334 c. : un.
5. MenBeneB A. M. COopka 1 MOHTaX 3JIeKTPOHHBIX ycTpoiicTB / A. Mensenes. - M., 2007. - 255
C. : WI., Ta0mI.

[lononHUTeNbHas nnTepaTypa
1. Jlyuunun B. B. Beenenue B unnyctputo Hanocuctem / B. B. Jlyuunun // Hano- u
MUKpOCUCTeMHas TexHuka. - 2007. - Ne 8. - C. 2 - 7..
2. Iparynos B. I1. ®usuka tBepaoro tena. OCHOBBI HAHOAIEKTPOHHUKH (KBAHTOBBIE MPOBOJHUKH U
yriepoaHble HAHOTPYOKN) : yueObHoe mocobue / B. I1. [Iparynos ; HoBocu®. roc. TexH. yH-T. -
Hosocubupck, 2007. - 106, [2] c. : un., Tab:a.. - Pesxum noctymna:
http://elibrary.nstu.ru/source?bib_1d=vtls000074043. - uHoBamrOHHAs 00pa3oBaTEIbHAS
nporpamma HI'TY "Bricokne TexHOmIOTHHI".
3. Texunomorusst CBUC. B 2 k.. Ku. 1/ Tupc K. [u ap.] ; mox pen. C. 3u ; mep. ¢ anri. B. M.
3BeposoBnieBa [u ap.]. - M., 1986. - 404 c. : un., Tab.
4. Texnonorus CBUC. B 2 xu.. Ku. 2 / ITupc K., Anamc A., Ka JI. u ap. ; nox pea. Yuctskosa HO.
H..-M., 1986.- 453 c. : un.
5. Ctenanenko U. I1. OcHOBBI MUKPO3JIEKTPOHUKH : yueOHOe mocodue / U. I1. CtemaneHko. -
Mockaa, 2000. - 488 c.
6. Taupos FO. M. TexHOI0THS TTONYITPOBOAHUKOBBIX M TUIIEKTPUUECKUX MATEPUAIIOB : [yueOHHK
st By30B] / FO. M. Taupos, B. @. [Isetkos. - M., 1990. - 423 ¢. : u.
7. I[TaceiakoB B. B. [TonxympoBogHukoBeie TPUOOPHI : [yueOHOE mocoOue s By30B MO
HAIPaBJIEHUIO TTOATOTOBKHU 0aKajIaBPOB M MATHCTPOB "DJIEKTPOHHUKA U MUKPOIJIEKTPOHUKA" U TIO
HAIMPaBJIEHUIO MMOArOTOBKU AUTIJIOMHP. CIIELUATUCTOB "DIEKTPOHUKA U MUKPO3eKkTporuKa"] / B.
B. INacemakos, JI. K. Yupkun. - M., 2006. - 478, [1] c. : n.
8. Komenos JI. A. TexHONMOTHS M KOHCTPYKIIMH MHUKPOCXEM, MHUKPOITPOIIECCOPOB U MUKPOCOOPOK :
[yueOHOe mocobue mis By30B] / JI. A. Konemnos. - CII6. [u ap.], 2008. - 399, [1] c.
9. bpoynaii 1. ®usndeckue ocHOBbI MukpoTexHosioruu / Y. Bpoayaii, [lxx. Mepeii ; nep. ¢ anr. B.
A. Bomomuna, B. C. [lepmenkosa, b. U. Ilomnmenenxoro ; mox pea. A. B. [llansroBa.- M., 1985.-
494 c. : Tabi1., CXeMBbI
10. MozaenupoBaH#e NOIYITPOBOJHUKOBBIX TPHOOPOB M TEXHOJIOTHYECKUX TporeccoB : [locmennue

noctwkenus / mox pen. J. Munnepa; riep. ¢ aura. M. C. O6pexTa, nox pea. I'. B. laamsika. - M.,
1989.-277,[1]c.

6. MeToan4yecKoe 1 NporpamMmmMHoe obecrneveHne, MHHMOPMaLVOHHbIE TEXHOI0M NN

6.1 MeToauyeckoe obecrneyeHme

6.2 Cneumann3npoBaHHOe NporpamMmmHoe obecneyeHme
1 ITaket oducHbix npunoxkenuii Microsoft Office
2 Omneparnmonnas cucrema Microsoft Windows



6.3 NHhopMaLyOHHbIE TEXHONOrnK

Mpw ocyLlecTBNeHUM 06pa3oBaTe/IbHOro NPoLecca Mo AUCLUMVHE NPUMEHSAIOTCS 3/1EMEHTbI
AVCTaHLMOHHBIX 06pa3oBaTe/ibHbIX TEXHONOMMIA, & TaKXKe CUHXPOHHOTO Y aCUHXPOHHOIO
B3aMMOAENCTBUS B 3NIEKTPOHHON MH(hOPMaLMOHHO-06pa3oBaTesibHol cpedbl HITY.



