MHWHUCTEPCTBO HAYKH M BBICIHEI'O OFPA30BAHHUS POCCUMCKOM ®EJEPALIMA
(penepanbHoOe rocy1apcTBeHHOE ABTOHOMHOE
o0pa3oBaTe/bHOE yUpe:KIeHHe BbICIIEro 00pa3oBaHus
«HanmuoHaJbHBII HCCJIEI0BATEIbLCKHI
Huskeropoackuii rocynapcrsennslii ynusepeurter uM. H.U. Jlo6aueBckoro»

YTBEPX/IEHO
peuenneM yueroro copeta HHI'Y
npoToko ot "30"Hos6ps 2022 1. Nel3

Padouas nporpaMmMa qUCHHIJIMHBI
«AKTYyaJIbHbIe MPO0JIeMbl COBPEMEHHOM JIEKTPOHUKHU H HAHOIJIEKTPOHUKH

VYpoBeHb BhICIIEr0 00pa3oBaHUs
IMoaroroBka Hay4YHbIX M HAYYHO-NIEJarOTHYECKUX KAPOB

Hayunsble ciennanbHOCTH

1.1.2. Iuddepennuanpabie ypaBHEHUS 1 MaTeMaTraeckas pusuka, 1.1.4. Teopus BeposTHOCTEH
u Mmartematudeckas cratuctuka, 1.1.5. Maremartuueckast joruka, anreOpa, TEOpus YHCEN H
nUuckperHas — matemarmka, 1.1.8.  Mexanuka  jgedpopMmpyeMoro  TBEpAOro  Tena,
1.2.1. HcKkycCTBeHHBI WHTEIUIGKT © MamuHHOe oOydeHue, 1.2.2. Maremarudeckoe
MOJICTUPOBAaHUE, YHCIEHHbIE METOAbl W  KOMIUIEKCH mporpamm, 1.3.11. ®wusuka
nonynpoBoaaukoB, 1.3.19. Jlazepnas ¢wusuka, 1.3.4. Pammodmsmka, 1.3.7. AxycTuka,
1.3.8. ®uzuka  koHAeHCHMpoBaHHOTO  coctostHus, 1.4.1.  Heopranuueckas  XuMusi,
1.4.2. Ananutndeckass xummsi, 1.4.3. Oprannueckas xumus, 1.4.4. Dusnueckas Xumwus,
1.4.7. Beicokomousiekyisipabie coeauHenus, 1.4.8. Xumus 31eMeHTOOPTaHUYECKUX COSANHEHUH,
1.5.11. Mukpo6uosnorus, 1.5.15. Okonorus, 1.5.2. buodusuka, 1.5.21. duznonorus u OMOXuMuUs
pactenuid, 1.5.5. ®u3noI0THS YEIOBEKA M KUBOTHBIX, 2.2.2. DIIEKTpOHHAsE KOMIIOHEHTHas 0asa
MUKpPO M HAHORJIEKTPOHUKH, KBAHTOBBIX YCTPOMCTB, 3.2.7. AJIEprojoruss U UMMYHOJIOTHUS,
5.1.1.  TeopeTHKO-UCTOPUYECKHE  TPABOBBIC  HAYKH, 5.1.2. [TyOm4HO-1IpaBOBHIE
(rocymapcTBeHHO-TIpaBoBble) Hayku, 5.1.3. UYacTHo-mpaBoBble (IIUBUJIMCTUYCCKUE) HAYKH,
5.1.4. VYromoBHO-mpaBoBbI€ Hayku, 5.1.5. MexnyHapoaHo-nipaBoBble Hayku, 5.12.1.
MeXIuCUUIUIMHAPHBIE UCCIIEIOBAaHUS KOTHUTUBHBIX TpolieccoB, 5.2.3. PeruonanbHas u
oTpaciieBasl 3KOHOMHKa, 5.2.4. ®unHaHchl, 5.2.6. MenemkmenT, 5.3.7. Bo3pacTHas ncuxosorus,
5.4.2. DxoHomuueckasa couuonorus, 5.4.4. CounanbHas CTPYKTYypa, COLMAIbHbIE HHCTUTYTHI U
npoueccsl, 5.4.6. Conmoiiorus KyapTypsl, 5.4.7. Couuoinorus ynpasienus, 5.5.2. [lonutnueckue
WHCTUTYTBI, MPOLECCHl, TEXHOJOTHH, 9.5.4. MexayHapoaHble OTHOIICHMs, TJoOanbHbIE U
peruoHanbHble uccienoBanus, 5.6.1. OredyecTBeHHas ucropus, 5.6.2. BeeoOras uctopus, 5.6.7.
Hcrtopus MexayHApOJHBIX OTHOLIEHWH W BHEIIHEW moautuku, 5.7.1. OHTONOTHS W Teopus
no3HaHus, 5.8.2. Teopus m Meronuka oOydyeHus M BocnurtaHus, 5.8.7. Meronmosoruss u
TEXHOJIOTUsl TpodeccruoHanbHOro obpaszoBanus, 5.9.2. JlutepaTypsl HapomoB Mupa, 5.9.5.
Pycckwuit s3p1k. SI3b1ku HapoaoB Poccun, 5.9.6. S3biku Hapo10B 3apyOEKHBIX CTpaH (C yKazaHUEM
KOHKPETHOTO SI3bIKa UITH TPYTIHI A3BIKOB), 5.9.9. MeanakoMMyHUKAIIUU U KYPHATHCTHKA

Hwxnuit Hosropon
2023 ron



1. MecTo ¥ Hesiu JUCHUIIMHBI B cTpyKType OITOII

JucuuninHa « AKTyanbHble IPOOJIEMBbl COBPEMEHHOM 3JIEKTPOHUKH U HAHOIJIEKTPOHUKI»
otHocutcs K BapuaTuBHO# yactu OIIOIL, sBnsiercs pakyabTaTUBHOM JUCHUIUIMHONW U U3y4aeTCs
Ha 2 rojy oOyueHHs B 3 ceMecTpe.

Lesb10 0CBOEHUST TUCUMILVIMHBI «AKTYaIbHBIE TPOOJIEMBI COBPEMEHHOU AIEKTPOHUKH U
HAHOXJICKTPOHUKM» SIBIIAETCS M3YYEHHE NEPENOBBIX JOCTHKEHUN, OCHOBHBIX HANpPaBJICHUU,
TEHJICHIIUM, TIEPCIIEKTUB U MPOOJIEM Pa3BUTHUS COBPEMEHHOM JIEKTPOHUKH U HAHOAJICKTPOHUKH
JUTS BBIPAOOTKY HABBIKOB OIICHKH HOBH3HBI MCCIICIOBAHUM M pa3pabOTOK U JJIsi OCBOCHHS HOBBIX
METO/IOJIOTUYECKUX MOAXOJOB K PEIIeHHI0 3aJad B 00JacTH  npodeccroHalbHOMN
MOJIYTIPOBOAHUKOBOM 3JIEKTPOHUKH.

3. CTpyKTYpa U cojiep:KaHue THCIUILTHHbI.

OO0BeM IUCIUIUTMHBI (MOJYJSI) COCTaBsieT Bcero - 36 daca, W3 KOTOpeIX 18 wacom
COCTaBIISIET KOHTAKTHAS paboTa 00yJaroIerocs ¢ MpernoaaBaTesieM (3aHsATHS JIEKIMOHHOTO TUTIA),
18 JacoB cocTaBiseT caMOCTOSATEbHASI paboTa 00yJaronierocs.

Taoauna 2
CTpyKTYypa AMCHUIIIHHBI
B ToMm unciie

KonTakTHas padora, yacos
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Brenenne. Kpemuuii — 16 4 4 12
OCHOBA JJIEKTPOHUKH U
HaHOXJIEKTPOHUKH
MeTop! MOTy4eHUS TOHKUX 23 2 9 11 12
IUIEHOK U CIOEB KPEMHMUS.
CrtpykTypa KpeMHHUS. 23 2 9 11 12
Crpykrypa, CBOICTBA, 23 2 9 11 12
MOJIyueHUe, MPUMEHEHHE
IUIEHOK M CIIOEB KPEMHMUS.
KHU-TexHonorusa kak 23 2 9 11 12
OCHOBAa MHTETPAIbHOMN
MUKPOAIIEKTPOHUKH.
Texnonoruss KHC kak 14 2 2 12
pazHoBuaHocts KHU-
TEXHOJIOTHH.
DBOJIIOIMS UHTETPATBHBIX 14 2 2 12
cxeM. 3akoH Mypa.




Texymuii KOHTPOJIb

6 2

BCET'O

142 18 36

54

88

HpOMe)KyTO‘lHaﬂ aTTeCTanusd 110 JUCHUIIJIMHE 3a4Y€T

ConeprxaHue TUCHUILTHHBI

Taoauna 3

HaumenoBanue
pazaeia IMCUUITHHBI

Conep:xanue pasneiaa

®opma
NPOBeeHUsI
3aHATHSA

®opMa TeKylero
KOHTPOJIS

Bsenenue.
Kpemnnii — ocHOBa
JJIEKTPOHUKHU U
HaHOJJIEKTPOHUKHU

OcHOBHBIE ATaIbl TPOU3BOACTBA
KpEMHUS. [Tonyyenune
TEXHUYECKOTO KPEMHUSI.
[Tonyyenue
MOJTYITPOBOTHUKOBOTO KPEMHHSI.
Meton BOJOPOJTHOTO
BOCCTaHOBJICHUS
TPUXIIOPCHIIAHA.
TPUXIIOPCHIIAHA.
BoccranoBienne  OYHMIIIEHHOTO
TPUXIJIOPCUIIAHA. [Tomyuenue
MOJIMKPUCTAIUTHUECKUX
CTepKHEU KpEMHUS u3
MOHOCHJIaHA SiHa.
[1pon3BOACTBO MOHOKPHUCTAIJIOB
kpemHus. OOopynoBaHue st
BBIpALUBaHUS CIUTKOB. MeTon
Yoxpanbsckoro.  JlerupoBanue
MOHOKPHCTAJIJIOB KpEMHHUSL.
O6paboTka ciauTkOB. Merton
OeCTUTeNIbHON 30HHOM IIJIaBKH.
HedexTtsl
MOHOKPHUCTAITUYECKOTO
kpemHusi. OcHOBHBIE (DOHOBBIE
MPUMECH. [TpousBoacTBO
kpemHuss B Poccunm wu 3a
pyOexxoM. DTanbl KpeMHHEBON
TEXHOJIOTUH.

Ouucrtka

Jlexuun

KoHntpoib
MOCEIAaeMOCTH

Meronapb! noay4eHus
TOHKHUX IUIEHOK U
CII0E€B KPEMHUSL.

I"azodasnas SIMUTAKCHS
KpeMHHUs. Y CTaHOBKa DTHKBap.
MonexkylsapHO-1y4eBO€e
OCaXJICHUE u DIUTAKCHUS
KPEMHHUSI. YcraHoBka
CyOJIMMAIIMOHHOW  SMUTAKCHU
KPEMHHUSI. CTpyKTypHBIC
moaubukaru kpemuaus (a-Si,
nc-Si, por-Si, mc-Si, poly-Si,.c-
Si). Ilnazmoxumuueckoe BY-
pa3ioKeHUE CHJIaHA.

Jlexuum,
nabopaTopHbIe
paboThI.

KonTposb
MOCEIaeMOCTH,
npuem u
poBepKa
OTYETOB 1o
1a00paTOPHBIM
paboTtam.




CrpykTypa CrpykTypa aroma: 3amnoJineHue | Jlekuum, Kontpoib
KpEMHUS. ANIEKTPOHHBIX ~ 000JI0YeK U | TaOOpaTOpHBIE | MOCEIIAEMOCTH,
rudpuIu3anus BaJICHTHBIX | paOOTHI. IpUeEM u
cocrosiHuil. CTpPYKTYpHBI THII [IpOBEpKa
anmasa. IIpocrpaHcTBeHHas u OTYETOB o
TOYEYHAast CUMMETpHUS. 1ab0paTopHBIM
OnucaHue CTpYKTYpHOT'O THIIA B paboTam.
TEPMUHAX IJIOTHEHIIEN
YIAKOBKH. CrpykTypa
OBEPXHOCTHU KpEMHHUSL.
PexkoHcrpykuus u MeTonpl €€
HaOJIIOIEHUS. Tumer
IIOBEPXHOCTHOW PEKOHCTPYKIUHU
KpEMHUS. [Ipumecu Ha
MOBEPXHOCTU KPEMHHUSI.
Crpykrypa, [Inénku nonukpucrammyaeckoro | Jlekunu, KoHntpoib
CBONCTBA, KPEMHHSL. [In€éuku | mabopaTopHbIe | MOCEIIAEMOCTH,
MOJIy4€eHue, MHUKPOKPHUCTAJUTMYECKOTO paboThI. pueM u
MIPUMEHEHHE kpeMHus. [Inénku amopdHoro IpoOBepKa
IJIEHOK U CIIOEB KpeMHus. [lopucTeiil KpeMHUI. OTYETOB o
KpEMHUS. 1abopaTopHBIM
paboTtam.
KHU-texnonorus [Tpuntun paboTsel kpeMHueBoro | JIekuu, KonTposb
Kak OCHOBa MOII-Tpan3ucropa. 71a00paTOPHBIC | MOCEUNAeMOCTH,
UHTETPAIbHOU Kommiiementapuas mapa MOII- | paGoTsl. puemM u
MHKPOSJIEKTPOHUKHU. | TPAH3UCTOPOB B IUIAHAPHOM IIpOBEpPKa
UCIIOJIHEHUM Ha  O0BEMHOM OTYETOB o
KpeMHuu U Ha ctpyktype KHU. 71a00paTOPHBIM
PasnoBugHOCTH TEXHOJIOTUH paboTam.
«KpEeMHUH  Ha  H30JTOpPEe».
Jwusnextpuueckas M30JILUA
(D)  kpemuus.  CTpyKTypHI
«KpeMHUH Ha candupe» Kak
paznoBuaHocth KHU-cTpykTyp.
Texuonoruu SIMOX,
BESOI, UNIBONDTM,
SmartCutTM, ELTRAN.
Texnonoruss KHC CrpykTypHBIE acrekTsl | Jlekuuu KonTposb
Kak pasHoBUIHOCTh | mpobnembl KHC (kpemuwuii Ha MOCEIIaeMOCTH

KHU-TexHom0rnm.

candupe). MUKPOABOMHUKH U
nedeKTs YIIAKOBKHU Ha
reTepOrpaHmIIE.

ABTOJIETUPOBAHUE ATIOMHHHEM.
Tepmonanpspkenus. ['azodasznas
TETEPOOIIUIIAKCUST KPEMHUSA Ha
canup. YcraHOBKa OIHUKBap.

Heno-crarku MeToAa
razoazHoro OCaKJICHU.
YAbTpaTOHKUN  KpEeMHMM  Ha

cangupe - UTSI®. [Ipumenenne




METO/1a NIOHHOM UM-TUIAaHTAIUU U
TBepao(dazHOH
PEeKpUCTAIUTH3ALIUN TUIst
cHmwkenus nepexraoctn KHC-
CTPYKTYDP. MousekynsapHo-
nydeBas rereposnutakcus KHC.
[Iyru pazsutus KMOIT KHC-

TEXHOJIOTHH.

7 DBOJTIOIHS Pasmep TpansucropoB. [lmuna | Jlexkuun Kontposib
WHTETPAIbHBIX kaHanma. CreneHb HMHTETpaluu. MOCEIaeMOCTH
cxeM. 3akoH Mypa. | [IpousBogutenpHoCTh. Pasmep

IJIACTHH. IToneBoit

HAaHOTpaH3UCTOp TOoKoJeHHus 10
HM: OCHOBHBIE 4epThl. PazButue

HAHOJUTOrpaduu.

DKcTpeMalbHbIN yIbTpaduoeT.
Hanpsxénnbiin KPEMHHU.
Texnonorns CO3JaHus
OJIHOOCHOTO ¥ JIByXOCHOTO
HaIpsHKEHUS B KaHaje.
Huonektpukn ¢ OOJbIION
JIUBJIEKTPUYECKON

POHHUIIAEMOCTHIO (high-k).
MHoroypoBHeBas

MeTau3anus. JIUsaeKTpuKku ¢
MaJIOW JAMRJIEKTPUYECKOU Tpo-
aumaemocteio  (low-k). ITyru
pazButus kpemuueBoit KMOII-
TEXHOJIOTUHU.

4. ®opMbl OPraHu3anuu U KOHTPOJISI CAMOCTOATEIHLHON padoThl 00yYar0 M XCs

CamocTtosarenbHas paboTa Moipa3yMeBaeT UCIO0JIb30BaHNE PeKOMEHI0BaHHbIX THTepHeT-
PECYpCOB, T.€. U3y4eHHE OCHOBHOM U JIOTIOJHUTEIHHOU JIUTEPaTyphI IO KypCy.
[lepeueHs pekOMEHIOBaHHOM TUTEPaTypbl U IHTEpHET-pecypcoB MPUBEIEH B /-M pa3zene

naHHOU mporpaMmbl. KoHTposbs camocTosiTensHON paboTel oOyuaromuxcs, npu yciaosuu 100%
MOCENIAeMOCTH, IIPOUCXOAUT B (hOPME KOJUIEKTUBHOTO OOCYKICHHSI TEMAaTHKH Pa3/IelIOB
JMCLUIUIMHBI BO BPEMs JICKIIUH, a TPOMEKYTOUHAs aTTecTallus (3a4eT) mpearnoiaraet
MPOBE/ICHUE FKCIIPECC aHAJIM3a YPOBHS OCBOCHHS KOMIIETECHITUH B (hOpME KOJUIOKBUYMA, TECTOBBIC
BOIIPOCHI KOTOPOTO BBIBEIICHBI M3 TEKCTa JAHHON paboueil mporpaMMbl B MPHIOKEHHE (OHIA
orieHOYHbIX cpeacTB (POC). Tam ke moapoOHO omKcaHa U IPOIleypa OLIEHUBAHUS PE3YIbTATOB.
[Tomumo BhITIETIEPEUNCICHHBIX POPM KOHTPOJIS U TPOMEKYTOUHOM aTTecTallul HMeeTCs

TakKe MepeueHb KOHTPOJIBHBIX BOMPOCOB, MPUMEHAEMBIX B JOPME YCTHOTO 3a4eTa.

5. DoHI OLIEeHOYHBIX CpEeaACTB AJdA aTTeCTAUA IO JUCHUIIJIHHE

5.1. Kpumepuu u npouedypsl oyeHusanus pe3yibmamos 00yueHus no OUCUUnIuHe.
[Tpu BBIMONHEHNH BCEX PAOOT YUUTHIBAKOTCS CIICAYIONINE OCHOBHbIE KPUTEPHH:




YPOBEHb  TEOPETHYECKMX 3HaHMW (MOoApa3yMeBaeTcss HE TOJbKO  (popmanbHOe

BOCIIPOU3BCACHUC I/IH(bOpMaI_H/II/I, HO W IOHHMaHUC NOpCcAMECTa, KOTOPOC IMMOATBCPKAACTCA

IMpaBUJIbHBIMU OTBCTAMH Ha OOIOJHHUTCIBHBIC, YTOYHAIOHNIMEC BOIIPOCHI, 3aAaHHLIC YICHAMH

KOMHUCCHUN);

— YMCHHUC HCIIOJIB30BATHL TCOPCTHYCCKUEC 3HAHUA IIPU QAHAIN3C KOHKPCTHBIX HpO6JIeM,

CUTYalUii;

— Ka4CCTBO M3JIOKCHUA MaTCpHralia, TO CCTh O6OCHOBaHHOCTI), YCTKOCTh, JJIOTUYHOCTH OTBCTA, a

TaKXE €10 IOJJHOTAa (TO €CTb COACPIKATCIIbHOCTDb, HC MCKIIIOYAOIasa C)KaTOCTI/I);

- CIOCOOHOCTD YCTaHABIMBATh BHYTPH- M MEXKIIPEAMETHBIE CBSI3H,
- OpPUTMHAIBHOCTh MBIIUICHHUS, 3HAKOMCTBO C JONOJIHUTEIBHOW JINTEPAaTypoOul W Jpyrue

(bakTopsbI.

Onucanue wKavl OUCHUBAHUA HA npome;ucymouuoﬁ ammecmayuu 6 dmpme 3auema

Onenka YpoBeHb NOATOTOBJIEHHOCTH, XapaKTepu3yeMblil OLleHKO

3aumeno KPUTHYCCKU aHAJIM3UPOBATh U CPaABHUBATH CYHICCTBYIOIIUEC IMMOAXOAbI 1 METOAbI

BJIaJICHUE MIPOTPaMMHBIM MaTepuaioM, ITOHUMAaHNe CYIIHOCTH
paccMaTpuBaeMbIX MPOLIECCOB U SBJICHUM, YMEHHE CaMOCTOSATEIbHO 0003HAYHUTh
MpoOJIeMHbIE CUTYallMl B OpraHU3allMy Hay4YHbIX HCCIIEOBaHMM, CIOCOOHOCTH

K OIEHKE pEe3ylIbTaTUBHOCTU HAYYHOW JAEATEIbHOCTH, CBOOOJHOE BIIaJCHHE
HMCTOYHUKAMU, YMEHUE YETKO U SICHO U3JIaraTh pe3ysibTaThl COOCTBEHHOM padoThI,
CJIEI0BaTh HOPMaM, IPUHATHIM B HAYYHBIX JUCKYCCHSIX.

He MpoOJIEeMHbIE  CUTYyallid, HECIIOCOOHOCTh aHAIM3WPOBaTh M  CpPaBHHUBATh
3aumeHO | CYIIECTBYIOIIME KOHIICMIINU, MOAXOIbl M METOJbI, HEYMEHHE SICHO H3J1aratb

HEMOHMMAaHHE CMbICIIa KJIIOYEBBIX MpoOJeM, HEJOCTaTOUYHOE BIIAJCHHUE
HayKOBEIUYECKON TEPMUHOJIOTHEH, HEYMEHHE CaMOCTOSITENIbHO OO003HAYHUThH

pe3ynbTaThl COOCTBEHHOM paboThI, ClIe0BaTh HOpMaM, MPHUHITHIM B HAY4YHBIX
JMCKYCCHUSX.

hw

©CooNo O

5.2. Ilpumepsl munoevix KOHMPOJLHBLIX 3A0AHUN UMU UHBIX MAMEPUAIO8,
UCROIb3YEMBIX 015 OUEHUBAHUS PE3Y/IbMAM 08 00yUeHUs O OUCUUNIUHE

Bormpocs! 1st KOHTpOIs

1 Kpemuuii. OcHOBHbIE 3Tambl NPOU3BOACTBa KpemHus. [lomydeHune TeXHUYECKOTO
KpEMHUSL.

[lonyyenue mnOMYNPOBOAHUKOBOTO KpeMHHUS. MeToa BOJOPOJHOTO BOCCTAHOBIICHUS
TPUXJIOPCUIIAHA. Oumncrka TPUXJIOPCUJIAHA. Boccranosnenue OYHIIIEHHOT'O
TPUXJIOPCHUIIAHA.

[MonyueHre MONMUKPUCTAIUTNIECKUX CTEPKHEH KpeMHUS 13 MOHOCHIaHa SiHa4
[Tpou3BoIcCTBO MOHOKpHCTANIOB KpeMHHs. OO0pyAOBaHHE IS BHIPALTUBAHUS CIUTKOB.
Meroa HoxpaibCKoro.

JlerupoBaHre MOHOKpPUCTAIITIOB KpeMHHUs. OOpaboTKa CIUTKOB.

MeTto OecTUTeNbHOM 30HHOH IIABKH.

JleekThl MOHOKpHUCTATNYECKOTO KpeMHUsl. OCHOBHBIE (JOHOBBIC TPUMECH.
[TpousBoicTBO KpeMHus B Poccuu u 3a pyOexkom.

DTanbl KPEMHUEBOW TEXHOJIOTUH.

Merto1bl OTyYEHUSI TOHKHUX IJIEHOK U CIIOEB KPEMHUS.
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I'a3oaznas snuTakcust KpeMHHS. Y CTAHOBKA DITUKBAp.

MonexyIsipHO-Ty4e€BO€ OCAXKICHHE U SMUTAKCHI KPEMHHUA. Y CTAHOBKA CyOIIMMAIIMOHHOK
SIUTAKCUU KPEMHHUSL.

CrpykrypHble Moudukaiuu kpemuust (a-Si, nc-Si, por-Si, mc-Si, poly-Si,.c-Si)
[lnazsmoxumnueckoe BU-paznoxenue cuiana.

Crpykrypa kpemHus. CTpyKTypa aToMa: 3all0JJHEHHE AJIEKTPOHHBIX 000JI0UEK U
rUOpHUIN3aIHs BAJICHTHBIX COCTOSHUIM.

CrpykrypHblii Tun anmasa. [IpoctpancTBeHHast U ToueuHas cuMMerpust. OnucaHue
CTPYKTYPHOTO THIIA B TEPMUHAX INIOTHEUILIEH YIAKOBKHU.

CrpykTypa oBepXHOCTU KpeMHUs. PEKOHCTpyKLIMS U MeTO bl €€ HaOII0ACHHUS.

TuIbl MOBEPXHOCTHOM PEKOHCTPYKIIMM KpeMHUs. [IpruMecn Ha MOBEPXHOCTH KPEMHMUSL.
[Inénkn momukpucrammaeckoro kpemuus. Crpykrypa. Ilomyuenue. CBoiicTBa.
[Ipumenenue.

[Inéukn mukpokpucrammueckoro kpemuusa. Crpykrypa. Ilomyuenue. CBoiicTBa.
[IpumeHenue.

[Inéuxu amopdHoro kpemuus. Ctpykrypa. [lonydenue. CoiictBa. [lpumenenue.
[Hopucrteiit kpemuuii. Ctpykrypa. [lonydenue. Colicta. [Ipumenenue.

[punnun pad6otel kpemuueBoro MOII-Tpan3ucropa. Komminemenrapuas napa MOII-
TPAH3UCTOPOB B [JJAHAPHOM HCIIOJIHEHUU Ha 00bEMHOM KpeMHHUU U Ha cTpykType KHU.
Pa3HOBHIHOCTH TEXHOJIOTUH «KPEMHHUN Ha U30JISITOPED.

Jusnextpuueckas uzossiius (D) kpemuus.

CrpykTypbl «kpeMHul Ha candupe» kak pazHoBuaHocts KHU-cTpykTyp.
SIMOX-texnonorus kak pasHoBuaHocTh KHU-TexHOMOTHA.

BESOI-rexnonorust kak paznoBuaHocts KHM-texHnomorum.

UNIBONDTM-nporiecc kak pazaopuanoct KHU-TexHom0THN.

SmartCutTM-nporecc kak pazHoBuaHocts KHU-TexHoMOTMIM.

ELTRAN-npouecc kak paznoBunnocts KHM-texHom0THM.

Crpykrypabie acnekTbl mpoosembl KHC (kpemumii Ha candupe). MUKpoaBOMHUKA U
neexThl  YINakoBKM  HA  TreTeporpaHuile.  ABTOJIETUPOBAHUE  AFOMHUHHEM.
TepmoHanpsxeHus.

l'azodaznas rereposnumakcusi KpeMHUs Ha candup. YcraHoBka Onuksap. Hemocratku
MeTo0/1a Ta30(pa3HOro OCaXKICHUSI.

VueTpaToHKui kpemuuii Ha candupe - UTSI®. IlpumeHeHme MeToja MOHHOM
MMIUIAHTALUK U TBEpAO(a3HON peKkpucTamu3auuu s cHkenus nedexkrnocta KHC-
CTPYKTYP.

MonexkynsapHo-nydeBas rereposnurakcus KHC.

ITyru pazsutus KMOII KHC-texnonorumu.

OBOJIIOIMS MHTErPATIbHBIX cxeM. 3akoH Mypa. Pasmep tpan3uctopos. JnuHa kaHana.
Crenens unterpauuu. IlpousBoaurensHocts. Pazmep miactus.

[ToneBoii HaHOTpaH3UCTOP MOKOJIEeHUsT 10 HM: OCHOBHBIE UEPTHI.

Pa3Butue Hanonurorpadguu. DKCTpeMaabHbIN yIbTpadUOIeT.

Hanpsoxénnbiii kpemHun. TeXHOIOTHs CO3JaHUs OJHOOCHOTO U IBYXOCHOTO HANPSIKEHUS
B KaHale.

JIMAIIEKTPUKH ¢ OOJIBINON AUdIeKTprUecKoil mporuitaeMoctsio (high-k).
MHoroypoBHeBass ~ MeTaum3auus.  JIMdIEKTpUKM ¢ Majloll  IUAJIEKTPUYECKON
nponuiiaeMoctrio (low-k).

IIyrtu passutus xpemaueBoir KMOII-TexHonorun.

6. YueOHO-MeTOAMUYECKOE M HH(POPMALMOHHOE 0O0ecneyeHre TUCIUIJIMHBI.

a) OCHOBHas1 JINTEepaTypa
1. Illyka A.A. Hanosnekrponuka.- M.: ®uzmarkuura, 2007.- 464 c.

http://www.lib.unn.ru/php/catalog.php?Index=0&IdField=135625395&DB=1



http://www.lib.unn.ru/php/catalog.php?Index=0&IdField=135625395&DB=1

http://www.studentlibrary.ru/book/ISBN9785996310555.html
https://biblio-online.ru/viewer/C8153254-ABAC-446C-A57B-5DF248ED0164#page/1
https://e.lanbook.com/book/84102#authors
http://phys.unn.ru/library_dl.asp?fn=Shuka.pdf

2. Hanotexnomnoruu B anekrponuke. Beim. 2. /Tlox pen. F0.A. Yanneiruaa.- M: Texnocdepa,
2013.- 688 c.
http://www.lib.unn.ru/php/catalog.php?Index=1&IdField=134796559&DB=1
http://www.studentlibrary.ru/book/ISBN9785948363530.html
http://biblioclub.ru/index.php?page=book red&id=468347&sr=1
http://www.rfbr.ru/rffi/ru/books/o_1916864#1
https://e.lanbook.com/book/76156#book _name
http://phys.unn.ru/library_dl.asp?fn=Chaplygin.pdf

3. Hparynos B.I1., Heusectusiii B.A., ['pumunn B.A. Hanoanekrponuka. B 2 4.: Y4eo6.
mocobwue.- 3-¢ u3., uci. u jor.- M.: M3garensctBo FOpaiit, 2017.- 285+235 c.
http://www.lib.unn.ru/php/catalog.php?Index=0&IdField=135533257&DB=1
https://biblio-online.ru/viewer/72F450AA-7472-41DF-89F3-06 FC66 EFB254#page/1
https://biblio-online.ru/viewer/0491672E-6 A76-4D5A-853E-15CAA2DC1631#page/l
http://phys.unn.ru/library dl.asp?fn=Dragunov.pdf
[Tyn Y., Oyenc ®. Hanorexnonoruu.-M.: Texnocdepa, 2005.- 336 c.
http://www.lib.unn.ru/php/catalog.php?Index=0&IdField=135588355&DB=1
http://www.studmed.ru/pul-ch-ouens-f-nanotehnologii_867d164417f.html#
http://phys.unn.ru/library dl.asp?fn=Poole.pdf

4. T'yceB A.W. Hanomarepuasbl, HAHOCTPYKTYpPHI, HaHOTeXHOJOTHH.- M.:@usmatmut, 2005.-
416 c.
http://www.studentlibrary.ru/book/ISBN9785922105828.html
https://e.lanbook.com/book/2173#book_name
http://www.studmed.ru/gusev-ai-nanomaterialy-nanostruktury-
nanotehnologii_4b031795a83.html#
http://phys.unn.ru/library_dl.asp?fn=Gusev.pdf

5. ®usuka TBEPIOTO Tena: JlabopaTopHsIii mpakTUKyM. YueOHoe nocodue. B 2 1. /Tlox pen. mpod.
A.®. Xoxnora. Tom 1. Metoasl moydeHus TBEPABIX TEJI U UCCISAOBAHUS UX CTPYKTYPHI. -M:
Beicmr. mk., 2001.-364 c. http://www.lib.unn.ru/php/details.php?Docld=42524

0) IOMOJIHUTE/ILHAS JIUTEpaTypa

1. Vaircaiinc JIx., Diirnep M., Aunepc P. u np. HanoTexHosorus B OnrkaiieM JecaTUICTHH.
[Iporno3 HanpapieHus ucciaeaoBanuid.- M.: Mup, 2002.- 292 c.
http://www.studmed.ru/uaytsayds-dzh-eygler-d-anders-r-i-dr-nanotehnologiya-v-
blizhayshem-desyatiletii-prognoz-napravleniya-issledovaniy 48f69e2c¢231.html
http://www.twirpx.com/file/546397/

2. HanoTexHoJIOTMHU B OJIYIPOBOJHUKOBOM AnekTponuke /OTB. pea. A.JI. Acees.-
HoBocubupck: M3a. CO PAH, 2004.- 368 c.
http://phys.unn.ru/library dl.asp?fn=Aseev.pdf

3. Tloxena HO. ®usuka ObICTPOACHCTBYIONINX TPAaH3UCTOPOB.- BuibHioc: Mokcnac, 1989.- 264
C.

http://www.lib.unn.ru/php/catalog.php?Index=0&IdField=135585316&DB=1
http://www.studmed.ru/pozhela-yu-yucene-v-fizika-sverhbystrodeystvuyuschih-
tranzistorov_c4118a4028f.html
http://www.twirpx.com/file/125487/
http://phys.unn.ru/library_dl.asp?fn=Pozela.djvu

4, 3u C. Owusuka MOIYNPOBOJHUKOBBIX mpubopoB.- M.: Mup, 1984.-T. 1.-456 c.
http://www.lib.unn.ru/php/catalog.php?Index=0&IdField=135407373&DB=1



http://www.studentlibrary.ru/book/ISBN9785996310555.html
https://biblio-online.ru/viewer/C8153254-ABAC-446C-A57B-5DF248ED0164%23page/1
https://e.lanbook.com/book/84102#authors
http://phys.unn.ru/library_dl.asp?fn=Shuka.pdf
http://www.lib.unn.ru/php/catalog.php?Index=1&IdField=134796559&DB=1
http://www.studentlibrary.ru/book/ISBN9785948363530.html
http://biblioclub.ru/index.php?page=book_red&id=468347&sr=1
http://www.rfbr.ru/rffi/ru/books/o_1916864#1
https://e.lanbook.com/book/76156#book_name
http://phys.unn.ru/library_dl.asp?fn=Chaplygin.pdf
http://www.lib.unn.ru/php/catalog.php?Index=0&IdField=135533257&DB=1
https://biblio-online.ru/viewer/72F450AA-7472-41DF-89F3-06FC66EFB254%23page/1
https://biblio-online.ru/viewer/0491672E-6A76-4D5A-853E-15CAA2DC1631%23page/1
http://phys.unn.ru/library_dl.asp?fn=Dragunov.pdf
http://www.lib.unn.ru/php/catalog.php?Index=0&IdField=135588355&DB=1
http://www.studmed.ru/pul-ch-ouens-f-nanotehnologii_867d164417f.html
http://phys.unn.ru/library_dl.asp?fn=Poole.pdf
http://www.studentlibrary.ru/book/ISBN9785922105828.html
https://e.lanbook.com/book/2173#book_name
http://www.studmed.ru/gusev-ai-nanomaterialy-nanostruktury-nanotehnologii_4b031795a83.html
http://www.studmed.ru/gusev-ai-nanomaterialy-nanostruktury-nanotehnologii_4b031795a83.html
http://phys.unn.ru/library_dl.asp?fn=Gusev.pdf
http://www.lib.unn.ru/php/details.php?DocId=42524
http://www.studmed.ru/uaytsayds-dzh-eygler-d-anders-r-i-dr-nanotehnologiya-v-blizhayshem-desyatiletii-prognoz-napravleniya-issledovaniy_48f69e2c231.html
http://www.studmed.ru/uaytsayds-dzh-eygler-d-anders-r-i-dr-nanotehnologiya-v-blizhayshem-desyatiletii-prognoz-napravleniya-issledovaniy_48f69e2c231.html
http://www.twirpx.com/file/546397/
http://phys.unn.ru/library_dl.asp?fn=Aseev.pdf
http://www.lib.unn.ru/php/catalog.php?Index=0&IdField=135585316&DB=1
http://www.studmed.ru/pozhela-yu-yucene-v-fizika-sverhbystrodeystvuyuschih-tranzistorov_c4118a4028f.html
http://www.studmed.ru/pozhela-yu-yucene-v-fizika-sverhbystrodeystvuyuschih-tranzistorov_c4118a4028f.html
http://www.twirpx.com/file/125487/
http://phys.unn.ru/library_dl.asp?fn=Pozela.djvu
http://www.lib.unn.ru/php/catalog.php?Index=0&IdField=135407373&DB=1

http://phys.unn.ru/library_dl.asp?fn=Sze 2.djvu
http://www.ph4s.ru/books/poluprov/zi-fizikapolupr.rar

5. Texuonorust CBUC: B 2-x ku. K#. 1. [Tep. ¢ anrmn. /Tlox pen. C. 3u.- M.: Mup, 1986.-404 c.
http://www.lib.unn.ru/php/searchext.php?Type=2&Action=1
http://www.twirpx.com/file/71292/
http://www.twirpx.com/file/71306/
http://phys.unn.ru/library dl.asp?fn=VLSI Technology 1.pdf

B) nporpamMmmHoe odecnevyenue u MHTepHeT-pecypehl
http://www.lib.unn.ru/ - ®ynaamenranshas 6ubnmmoreka HHI'Y
http://studentlibrary.ru - Crynenueckas 31eKTpoHHas OUOTHUOTEKA
https://biblio-online.ru/ - SnexTponnas GudmuoTeka KOpaiT
https://e.lanbook.com/ - DnexTpoHHO-OMOIHOTEYHAS crcTeMa U311, «JIaHb»
http://biblioclub.ru — Yausepcurerckas oudanoreka ONLINE
http://phys.unn.ru/library.asp - Dnekrponnas 6ubmrorexka ©@3® HHI'Y
http://www.studmed.ru - YueOHO-MeTOIUUECKas JIUTepaTypa isl CTYICHTOB
http://www.twirpx.com - O0IeI0CTYIHBIH caiiT WWW.tWirpx.com
http://www.rfbr.ru — budmmorexa PODU.

2. MarepuajibHO-TeXHHYECKOe o0ecrieueHne JUCIUILTHHBI

Jlist mpoBeieHrs 3aHATUN TI0 JUCIHUIUIMHE (YTEHHE JIGKITUN U KOHTPOJb CaMOCTOSTEIbHON
paboThl) HEOOX0IMMa ayAUTOPHS, OCHAIIICHHAS] BUICOMPOSKTOPOM U ayJIMO CUCTEMOM.
Texnonornueckast 1adboparopusi: BakyymHbIe yCTaHOBKH TSI SIIUTAKCHATBHOTO
HapamuBanus Mapku BYII-4.
DnekrpoHorpaduueckas nadoparopusi: dnekrpoHorpad IMP-102.
JlaGopaTopust 31eKTpOHHON MUKpOoCcKoTHH: [IpocBeunBaromiye 3eKTpOHHBIE MUKPOCKOTIBI
OMB — 100JIM, JEM-2100F
JlabopaTtopusi CkaHHpYFOIIEH 30HI0BOM MUKpOCKomHH: CKaHUPYIONTUH 30HIOBBII
mukpockon NanoEducator.

PaGoyass mporpamma y4eOHOW TUCHUIUIMHBI COCTaBJICHA B COOTBETCTBHU C YYEOHBIM
rutaHoM, [1oJioykeHreM O MOATOTOBKE HAYYHBIX U HAYYHO-TIEIarOTMYECKUX KaIpOB B aCIIUPAHTYPE
(ampronkrype) (ITocranosnenue IIpaBurensctBa PO ot 30.11.2021 Ne 2122), denepanbHbIMH
rOCyJapCTBEHHBIMH TPEOOBAaHUSAMHU K CTPYKTYpE MPOrpaMM MOATOTOBKMA HAYYHBIX W HAYYHO-
MeIarOrMuecKuX KajapoB B acnupantype (aaptoHkrype) (Ilpukas MwunoOpHayku P®D or
20.10.2021 Ne 951).

Astop nipod. [[.A. ITaBnoB
Peniensent npod. E.C. lemuon
3aBeayromuii kagenpoit

(U3UKH TIOTYIIPOBOTHUKOB, JICKTPOHUKH U HAHOIEKTPOHUKHU
1.¢.-M.H. podeccop . A. T1aBnoB

[Tporpamma omoOpeHa Ha 3aceJaHUU METOJMYECKON KOMHUCCHU (H3HYECKOTO (pakyabTeTa OT
2022 rona, mpotokos Ne 6/


http://phys.unn.ru/library_dl.asp?fn=Sze_2.djvu
http://www.ph4s.ru/books/poluprov/zi-fizikapolupr.rar
http://www.lib.unn.ru/php/searchext.php?Type=2&Action=1
http://www.twirpx.com/file/71292/
http://www.twirpx.com/file/71306/
http://phys.unn.ru/library_dl.asp?fn=VLSI_Technology_1.pdf
http://www.lib.unn.ru/
http://studentlibrary.ru/
https://biblio-online.ru/
https://e.lanbook.com/
http://biblioclub.ru/
http://phys.unn.ru/library.asp
http://www.studmed.ru/
http://www.twirpx.com/
http://www.twirpx.com/
http://www.rfbr.ru/
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