MHUHUCTEPCTBO HAYKH U BBICIIET'O OBPA3BOBAHU S POCCUMCKOM ®EJIEPALIIA
(penepanbHoOe rocy1apcTBeHHOE ABTOHOMHOE
o0pa3oBaTe/IbHOE YUpesKJAeHue BbICIIero 00pa3oBaHus
«HanuoHaJbHBII HCCJIEI0BATEIbLCKHI
Huskeropoackuii rocynapcrsennslii ynusepeurer um. H.U. Jlo6aueBckoro»

YTBEPX/IEHO
peuenneM yuyenoro copeta HHI'Y
npoToko oT "16"suBapst 2024 r. Nel

Padouas nporpaMmMa qUCHMIJIMHBI
«AKTYyaJIbHbIe TP00JIeMbI COBPEMEHHOI 3JIeKTPOHUKH ¥ HAHOIJIEKTPOHUKU

YpoBeHb BbICIIEro 00pa3oBaHUs
IloaroroBka Hay4YHBIX U HAYYHO-TIEIArOrNYECKUX KA/IPOB

Hayunsbie cnenpanbHOCTH
1.1.2. Iuddepennuanpabie ypaBHEHUS U MaTeMaTH4eckas pusuka, 1.1.4. Teopust BeposiTHOCTEH
U maTtematudeckas crtatuctuka, 1.1.5. MaremaTtudeckass jorwka, aireOpa, TEOpHUsS UYHCET U
TUCKpeTHas ~ maremarmka, 1.1.8. Mexanuka  aepopMupyemMoro  TBEpIOTO  Tela,
1.2.1. VIcKycCTBEHHBI WHTEUIEKT M MammHHOe oOydeHue, 1.2.2. Maremarudeckoe
MOJICTUPOBAaHUE, YHCICHHbIE METOIbl W  KOMIUIEKCH  mporpamM, 1.3.11. ®wuswmka
nonynpoBoaankoB, 1.3.19. Jlazepnas ¢usuka, 1.3.4. Pamnodusuka, 1.3.7. AxycTuka,
1.3.8. ®uzuka  KoHmeHcupoBaHHOTO  coctosiHms, 1.4.1.  Heopranwmueckas  Xumws,
1.4.2. Ananutndeckass xumusi, 1.4.3. Opranwdeckas xumusi, 1.4.4. Ousnueckas XuUMUsi,
1.4.7. BeicokomouieKyisipabie coequaeHus, 1.4.8. XuMus 21eMeHTOOPraHuYeCKUX COCIUHECHHMH,
1.5.11. Mukpo6uosnorus, 1.5.15. Okonorus, 1.5.2. buodusuka, 1.5.21. ®usnonorus u OHOXUMHUS
pactenuid, 1.5.5. ®u3noI0THs YEIOBEKA M KUBOTHBIX, 2.2.2. DIIEKTpOHHAss KOMIIOHEHTHAas 0asa
MUKpPO M HAHO3JEKTPOHUKH, KBAHTOBBIX YCTPOMWCTB, 3.2.7. AJIEproyiorus M HUMMYHOJIOTHS,
5.1.1. TeopeTuko-uCTOpUUYECKHE ITPABOBBIC HAYKH, 5.1.2. [Ty0numuHO-1paBoBhIe (TOCY1apCTBEHHO-
npaBoBbIe) HaykH, 5.1.3. HacTHO-TIpaBOBbIC (LIMBUIIMCTUYECKHE) HAYKH,
5.1.4. VronoBHo-mpaBoBbie Hayku, 5.1.5. MexayHapoaHo-TipaBoBble Hayku, 5.12.1.
MeXIMCUUIUIMHAPHBIE HUCCIIEOBaHMs KOTHUTHUBHBIX IIpoleccoB, 5.2.3. PerumonanpHas u
oTpaciieBasi 5KOHOMHKa, 5.2.4. duHaHchl, 5.2.6. MeHnemkMmeHT, 5.3.7. Bo3pacTHas ncuxosorus,
5.4.2. DxoHomuueckas counosorus, 5.4.4. ConuanbHas CTPYKTypa, COLUAJIBHBIE UHCTUTYTHI U
npoueccsl, 5.4.6. Couuoiiorust Kynbtypsl, 5.4.7. Conmonorus ynpasieHus, 5.5.2. Ilonutuueckue
WHCTUTYTBI, MPOLIECCHI, TEXHOJOTHH, 5.5.4. MexIyHapoIHble OTHOILIEHUS, TJI00albHBIE H
peruoHanbHble uccienoBanus, 5.6.1. OreuecTBeHHas ucropus, 5.6.2. Beeobmas ucropus, 5.6.7.
HcTtopus MexayHapOAHBIX OTHOIIEHWN W BHEHIHEW monutuku, 5.7.1. OHTONOTHS M Teopus
no3HaHus, 5.8.2. Teopus u MmeToauka 00ydeHus U BOCIUTaHMs, 5.8.7. MeTo10JI0TUS U TEXHOJIOTHS
npogeccuoHanbHOro obpasoBanus, 5.9.2. Jlureparypsl HapoJaoB mupa, 5.9.5. Pycckuil s3bIk.
SA3biku HapoaoB Poccun, 5.9.6. SI3biku HapOIOB 3apyOEKHBIX CTpaH (C yKa3aHUEMKOHKPETHOTO
S3bIKA WJIM TPYIIIBI A3bIKOB), 5.9.9. MeanakoMMyHUKaIMK U )KypHAJTUCTHUKA

Hwxnuit HoBropon
2024 rox



1. MecTo u neau aucuunauHbl B ctpykrype OIIOII

JucuumuinHa « AKTyallbHbIE IPOOJIEMBI COBPEMEHHOM JIEKTPOHUKH M HAHODJICKTPOHUKIDY
otHocutcs K BapuatuBHO# yactu OIIOI, sBnsieTcs GpakynbTaTUBHON AUCHUILTMHON M U3Yy4aeTCst
Ha 2 roay oOy4deHus B 3 ceMecTpe.

[enb10 0CBOEHUS TMCUUILUIUHBI «AKTYalbHbBIE TIPOOJIEMBI COBPEMEHHOM 3JIEKTPOHUKU U
HAHOXJICKTPOHUKHW» SIBIIIETCS M3YyYECHHE IMEPEIOBBIX JOCTHUKECHHM, OCHOBHBIX HaIlPaBJICHUU,
TEHJICHLIUM, IEPCIIEKTUB U MPOOJIEM Pa3BUTHSI COBPEMEHHOW SJICKTPOHUKU M HAHODJIEKTPOHUKU
JUTS BBIPAOOTKM HABBIKOB OIICHKU HOBHM3HBI HCCIICIOBAHUI U Pa3pabOTOK M JUISI OCBOSHUS HOBBIX
METO/IOJIOTUYECKUX MOJAXOJOB K pEHIeHHI0 3ajady B objactu  IpodeccuoHambHOU
MOJIYIIPOBOAHUKOBOM 3JIEKTPOHUKH.

3. CTpyKTYpa U cojiep:KaHue TUCHHIIHHBI.

O0BeM IUCIUIUTMHBI (MOJYJSI) COCTaBisieT Bcero - 36 waca, W3 KOTOphix 18 wacos
COCTaBIISIET KOHTAKTHAst paboTa 00yJaromerocs ¢ mpernojaBareieM (3aHAThs JEKIIMOHHOTO THIIA),
18 gacoB cocTaBiseT caMOCTOATEIbHAS padoTa 00yJarOIIeroCs..

Taoauua 2
CTpyKTypa TMCIHHNIHHBI
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Beenenne. Kpemuuii — 16 4 4 12
OCHOBA DJICKTPOHUKH U
HaHODJICKTPOHUKHU
MeTo1bl TOTy4YEHUS] TOHKUX 23 2 9 11 12
IUIEHOK M CIIOEB KPEMHMUS.
CrpykTypa KpeMHHUS. 23 2 9 11 12
Crpykrypa, CBOICTBA, 23 2 9 11 12
MOJIyueHue, MPUMEHEHUE
IUIEHOK U CIIOEB KPEMHHS.
KHUH-texHonorust kak 23 2 9 11 12
OCHOBA MHTETPaTbHOU
MUKPODJIEKTPOHUKH.
Texnomorunss KHC kak 14 2 2 12
paznoBuanocts 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 aTrecranus 1Mo JTMCHUIIMHE 3a49€eT

Conepxxanue TUCHUNIMHBI

Taoauua 3

HaumenoBanue
pa3aeia TMCHUILUINHBI

Conep:xanue paseJsa

®opma
NPOBeeHUsI
3aHATHSA

®opMa TeKylero
KOHTPOJIS

Beenenue.
Kpemnnii — ocHOBa
JJIEKTPOHUKHU U
HaHOAJIEKTPOHUKHU

OcHOBHBIE ATalbl MPOU3BOJICTBA
KpEMHUS. [Tony4yenune
TEXHUYECKOTO KPEMHHUSI.
[Tonyyenue
MOJTYITPOBOTHUKOBOTO KPEMHUSI.
Meton BOJIOPOJTHOTO
BOCCTaHOBJICHUS
TPUXIIOPCHIIAHA.
TPUXIIOPCHIIAHA.
BoccranoBinenne  OYMIIIEHHOTO
TPUXJIOPCUIIAHA. [Tomyuenue
MOJIMKPUCTAIUTHUECKUX
CTEpKHEU KpEMHUS u3
MOHOCHJIaHA SiHas.
[1pon3BOACTBO MOHOKPHUCTAIJIOB
kpemHusi. OOopynoBaHue ISt
BBIpALUBaHUS CIUTKOB. MeTon
Yoxpanbsckoro.  JlerupoBanue
MOHOKPHUCTAJIJIOB KPEMHUSI.
O6paboTka cauTKOB. MeTon
OeCTUTebHON 30HHOM TUTaBKH.
HedexTtsl
MOHOKPHUCTALITUYECKOTO
kpemHusi. OCHOBHbIE (JOHOBBIE
MPUMECH. [TpousBoacTBO
kpemHuss B Poccum wu3a
pyOexxoM. DTarbl KPeMHUEBOM
TEXHOJIOTUH.

Ouucrtka

Jlexuun

KoHntpoib
MOCEIAaeMOCTH

Mertoap!l oJIydeHHst
TOHKHUX IUIEHOK U
CII0E€B KPEMHUSL.

l'azodasnas SMUTAKCHUS
KpeMHUs. YCcTaHOBKa DIHKBap.
MonexkylsapHO-1y4eBO€e
OCaXJICHHE u AIUTAKCHS
KpEMHUS. YcTtaHoBka
CyONMMMAIIMOHHOW  SIUTAKCUU
KpEMHUS. CTpyKTypHBIE
Mo aubuKalu kpemuaus (a-Si,
nc-Si, por-Si, mc-Si, poly-Si,.c-
Si). Ilnazmoxumuueckoe BY-
pa3noKeHue CHUIaHa.

Jlexuum,
nabopaTopHbIe
paboThI.

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




CrpykTypa Crpykrypa aroma: 3amnoJjiHeHue | Jlekuuu, KoHtpoib
KpEMHHSL. ANEKTPOHHBIX ~ 000JI04eK U | TJabOpaTOpHBIE | MOCEIIAEMOCTH,
ruOpuAM3aIms BAJICHTHBIX | paOOTHI. npuemM u
coctosiHuil. CTPYKTYpHBIH THUI [IpOBEpKa
anmasa. IIpoctpancTBeHHass u OTYETOB o
TOYECUHAS CUMMETPHUSL. 1ab0paTopHBIM
Onucanue CTpyKTYpHOIO TUIIA B paboTam.
TEPMUHAX TJIOTHEUILIEN
YIAKOBKH. CrpykTypa
MOBEPXHOCTH KPEMHUSI.
PexoncTpykuust u meroabl eé
HaOJIIOIEHUS. Tumer
MIOBEPXHOCTHOW PEKOHCTPYKIUHU
KpEMHUS. [Ipumecn Ha
MOBEPXHOCTU KPEMHHUSI.
Crpykrypa, [Inénku nonukpucrammaeckoro | Jlekuuw, KoHntpoib
CBONCTBA, KPEMHHSL. [Inéuku | nabopaTopHble | MOCEIMIAEMOCTH,
MOJIy4€eHueE, MHUKPOKPHUCTAJUTMYECKOTO paboTHI. npuemM "
MIPUMEHEHHE kpemuwus. [1n€aku amopdHOTO IpoOBEpKa
IJIEHOK U CIIOEB KpeMHus. [lopucTeiil KpeMHUI. OTYETOB o
KpEMHUS. n1abopaTopHBIM
paboTtam.
KHU-TexHonorus [Tpunuun pabotsl kpeMHueBoro | Jlekuwu, KoHntpoub
KaK OCHOBa MOII-Tpan3ucropa. nabopaTopHble | MOCEUaeMOCTH,
WHTErpaibHON Kommnemenrapnass napa MOII- | paGoTsl. pHeM u
MHKPOIJICKTPOHUKH. | TPAH3UCTOPOB B IUUIAHAPHOM IIpOBEpPKa
UCIIOJIHEHUM  Ha  OOBEMHOM OTYETOB o
KpeMHuU U Ha cTpykrype KHU. 71a00paTOPHBIM
PasnoBugHOCTH TEXHOJIOTHH paboTam.
«KpEeMHUH  Ha  H30JIATOPEM.
Jwusnextpuueckas M30JILUA
(D)  kpemums.  CTpyKTypsI
«KpeMHUH Ha candupe» Kak
paznoBuaHocts KHU-cTpykTyp.
Texuonorun SIMOX,
BESOI, UNIBONDTM,
SmartCutTM, ELTRAN.
Texnonoruss KHC CrpykTypHBIE acriexTsl | Jlekuuu KonTposb
Kak pasHoBUgHOCTh | mpobnembl KHC (kpemuuii Ha MOCEIIaeMOCTHU

KHU-TexHom0rnm.

candupe). MUKPOIBONHUKU H
nedeKTs YIIAKOBKHU Ha
reTepOrpaHmIIe.

ABTOJIETUPOBAHNE ATOMUHHUEM.
Tepmonanpsbkenus. ['azodaznas
TETEPOdIIUIIAKCUST KPEMHUA Ha
candup. YcraHoBka ONHKBap.

Heno-crarku MeToaa
razoazHoro OCaXKICHMUS.
YABTPaTOHKUN  KpPEMHUH  Ha

cangupe - UTSI®. [Ipumenenne




METO/1a NIOHHOW UM-TIJTAHTAIMN U
TBepao(dazHOH
PEeKpUCTAIUTH3ALUN TUIst
cHkenus nepexraoctu KHC-
CTPYKTYD. MounekynsipHo-
nydeBas rereposnutakcus KHC.
[Iyru pazsutus KMOII KHC-
TEXHOJIOTHH.

7 DBOJTIOIHS Pazmep TpansuctopoB. nuna | Jlekuuun Kontpoib

WHTETPATBHBIX kaHana. CTeneHb WHTETPAIUH. MOCEIaeMOCTH
cxeM. 3akoH Mypa. | [IpousBogutenbHOCTh.  Paszmep
IIJIACTHH. ITonesoit
HAHOTpaH3UCTOp MoKojeHus 10
HM: OCHOBHBIE 4epThl. PazBurne

HaHOJUTOrpaduu.

DKcTpeMalbHbIN yIbTpaduoeT.
Hanpsixénnbit KpEMHUM.
Texnonorns CO3JaHus
OJIHOOCHOTO ¥ JIByXOCHOTO
HaIpsHKEHUS B KaHase.
Huonektpukn ¢ OOJBIION
JIUBJIEKTPUYECKON

POHHUIIAEMOCTBIO (high-k).
MHoroypoBHeBas

MeTau3anus. JAUdaeKTpuKku ¢
MaJIOW TUAJIEKTPUYECKON MPO-
aumaemocteio  (low-k). Ilyru
pazButus kpemuueBoit KMOIT-
TEXHOJIOTUHU.

4. @opMbl OPraHu3anuu ¥ KOHTPOJISI CAMOCTOSITEIbHOM PadoThI 00yYaKOIIUXCS

CamocTtosarenbHas paboTa oapa3yMeBaeT UCIOIb30BaHUE PEKOMEHI0BaHHBIX IHTEepHEeT-
pPECYpCOB, T.€. U3y4eHHE OCHOBHOM U JIONOJHUTENILHOM JIUTEPATypHI 11O KypCy.
[lepeueHs peKOMEHA0BaHHOW TUTEPaTyphl U IHTEpHET-pECypCcoB MPUBEICH B 7-M pasjeie

JTaHHOU mporpamMbl. KOHTposIb caMocToATebHON paboThl oOyuatonuxcs, mpu ycaosuu 100%
MOCEIIaeMOCTH, TPOUCXOAUT B (POPME KOJUIEKTUBHOTO OOCYKICHHS TEMAaTHKHU Pa3/IeioB
JTUCIUIUIMHBI BO BpeMs JIEKIUH, a MPOMEXYTOYHas arTecTanus (3a4eT) mpearnoaraer
MIPOBEICHHE SKCIIPECC aHAJM3a YPOBHSI OCBOCHUS KOMIIETEHIIHH B (hopMe KOJUTOKBUYMa, TECTOBBIE
BOIPOCHI KOTOPOTO BBIBEJICHBI U3 TEKCTa JaHHOW pabodeil mporpamMmsbl B MpuiokeHue ¢GoHa
otteHo4HbIX cpeacTB (POC). Tam ke moapoOHO omMcaHa U MPoLeaypa OLEHUBAHUS PE3yIbTaTOB.
[ToMuMoO BhIIIETIEPEUNCICHHBIX (POPM KOHTPOIIS M MPOMEKYTOYHOU aTTeCTAlluH UMEETCS

TakKe NMepeyeHb KOHTPOJIbHBIX BOIPOCOB, IPUMEHIEMBIX B JOPME YCTHOTO 3a4eTa.

5. DoHJ OLIEHOYHBIX CpEeACTB AJA aTTeCTAallMM MO TUCHUILJIMHE

5.1. Kpumepuu u npouedypsl oueHusaHus pe3yibmamos 00yueHus no OUCyuniune.
[Tpu BeIMOJIHEHUH BCeX pabOT YYUTHIBAIOTCS CICIYIONINE OCHOBHbIE KPUTEPHH:




YPOBEHb TEOPETHYECKMX 3HaHWH (HOJpa3ymeBaeTcss HE TOJIBKO  (opMalbHOE

BOCIIPOU3BCACHUC I/IH(bOpMaI_H/II/I, HO W IIOHHMAHUC TMPEAMCTA, KOTOPOC MNOATBCPIKIAACTCSA

IpaBUJIIbHBIMU OTBCTAMM Ha MJOIOJHUTCIIBHBIC, YTOUHAIOIIHWC BOIPOCHI, 3aJaHHBIC YJICHAMHU

KOMHCCHUN);

— YMCHHC HCIHOJB30BATb TCOPECTUUYCCKUC 3HAHUA IPU aAHAINM3C KOHKPCTHBIX HpO6JIeM,

CUTYalHUii;

— KauCCTBO U3JIOKCHUA MaTCpuaia, To €CTb O6OCHOBaHHOCTI), YCTKOCTh, JJIOTHYHOCTH OTBETA, a

TAaKXE €1ro I10JIHOTa (TO €CTb COACPIKATCIILHOCTh, HC MCKIIIOYaronias C)KaTOCTI/I);

- CIIOCOOHOCTP YCTaHABJIMBATH BHYTPH- U MEXKITPEIMETHBIC CBSI3H,
- OpPWIMHAJbHOCTh MBIIJIEHUS, 3HAKOMCTBO C JIOIOJIHUTEIBHOM JIATEpAaTypoOll U JApyrue

(bakTopsbI.

Onucanue wKavl OoUeHueanus Ha npome;ucymouuoﬁ ammecmauuu 6 dmpme 3auema

Ounenka YpoBeHb NOATOTOBJIEHHOCTH, XapaKTepu3yeMblii OLleHKO

3aumeno KPUTHYCCKU aHAJIIM3UPOBATH WU CPABHUBATH CYHICCTBYIOIIHUE MMOAXOAbI 1 MCTOAbI

BJIaJICHUE MIPOTPaMMHBIM MaTepuaioM, ITOHUMAaHHE CYIIHOCTH
paccMaTpuBaeMbIX MPOLIECCOB U SABJICHUI, YMEHHE CAMOCTOSITETFHO 0003HAYUTh
MpoOJIeMHbIE CUTYallMM B OpPraHU3allii HayyHBIX HCCIEOBAaHUM, CIIOCOOHOCTD

K OLEHKE pe3yJIbTaTUBHOCTU HAyYHOW [ESATENIbHOCTH, CBOOOJHOE Bia/ieHUE
HMCTOYHUKAMH, YMEHHE YETKO U SICHO U3JIaraTh pe3yabTaTbl COOCTBEHHON pabOThI,
CJIE0OBAaTh HOPMAaM, IPUHATHIM B HAYYHBIX TUCKYCCHSX.

He npoOJeMHbIE CHUTyallud, HECHOCOOHOCTh aHaJIM3UPOBAaTh M CpPaBHUBATh
3aumeHo | CYIIECTBYIOUINE KOHUEHIMH, TOJX0bl U METO]Ibl, HEyMEHUE SICHO M3Jlarath

HEMOHMMAaHHE CMbICTIAa KIIOYEBBIX MpoOJieM, HEIOCTaTOYHOE BiaJieHUE
HayKOBEIYECKON TEpPMUHOJIOTHEH, HEYMEHHE CaMOCTOATEIbHO O0003HAYUTh

pe3ynbTaThl COOCTBEHHOW PabOThI, ClIeI0BaTh HOPMaM, IPUHATHIM B HAYUHBIX
JICKYCCHUSX.

hw
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5.2. Ilpumepsl munoevix KOHMPOJLHBLIX 3A0AHUN UMU UHBIX MAMEPUAIO8,
UCNOIb3YEMBIX 0151 OUCHUBAHUS PE3YIbIan 08 00yUeHUs O OUCUUNIUHE

Bormpocs! 11st KOHTpOIst

1 erMHHfI. OCHOBHBIE 3Tanbl IMPpOU3BOJACTBA KPCMHHUA. HOHY‘ICHI/IG TCXHHUYCCKOI'O

KpEMHUA.

HonyquHe IMOJIYIIPOBOAHHUKOBOI'O KPEMHHUA. Merton BOJOPOAHOIO BOCCTAHOBJICHUA
TPUXIJIOPCHUIIAHA. Ounctka TPUXIJIOPCHUIIAHA. BoccranoBnenue OYHUIICHHOI'O
TPUXIJIOPCHUIIAHA.

[MonyueHre MONMUKPUCTAIUTHYECKUX CTEPIKHEH KpeMHHsI U3 MOHOCHITaHa SiHa4
[TpousBoicTBO MOHOKpHUCTAIIOB KpeMHHUsA. O0opynoBaHue s BHIPAIIUBAHUS CIIUTKOB.
Meron HoxpaibCKoro.

JlerupoBaHHe MOHOKPHCTAJUIOB KpeMHUs. OOpaboTKa CIUTKOB.

MeTto OeCTUTeNBHOM 30HHOM INIaBKH.

JleexThl MOHOKpHUCTATITNYECKOTO KpeMHHUs. OCHOBHBIE (POHOBBIE PUMECH.
[IpousBoicTBO Kpemuus B Poccuu u 3a pydexom.

DTanbl KPEMHUEBOU TEXHOJIOTHH.

Merto1bl TONYy4EHUS TOHKUX IIEHOK U CIOEB KPEMHMUSL.
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I"a3oaznas snuTakcus KpeMHUs. Y CTaHOBKA DIHKBAP.

MonexyIsipHO-Ty4eBO€ OCaXKICHUE U SIUTAKCUS KPEMHHS. Y CTAHOBKA CyOIMMAIIMOHHON
SIUTAKCUU KPEMHHUSL.

Crpykrypabie Moudukarmu kpemuus (a-Si, nc-Si, por-Si, mc-Si, poly-Si,.c-Si)
[lnasmoxumnueckoe BU-paznoxenue cuinana.

Crpykrypa kpemHusi. CTpyKTypa aToma: 3ar0oJIHEHUE JIEKTPOHHBIX 000JI0UEK U
rUOpHUIN3AIHS BAJICHTHBIX COCTOSHHIA.

CrpykrypHblii Tun anMasa. [IpoctpancTBeHHas u ToueyHast cuMMmeTpusi. Onucanue
CTPYKTYPHOTO THUIIa B TEPMHHAX IUIOTHEUILIEH YITAKOBKH.

CrpykTypa NOBEpXHOCTU KpeMHHUsI. PEKOHCTpYKIIUS U METOAbI €€ HAOIIOACHHUS.

TuIIbI TOBEPXHOCTHOM PEKOHCTPYKLMU KpeMHHMs. [Ipumecu Ha MOBEpXHOCTH KPEMHHUS.
[Inénku mnomukpucraumueckoro kpemuus. Crpykrypa. [lomyuenue. CBoiicTBa.
[IpumeHenue.

[Inénkn mukpokpucrammueckoro kpemuus. Crpykrypa. Ilomyuenue. CBoiicTBa.
[Ipumenenue.

[Inéuxu amopdHoro kpemuus. Crpykrypa. [lonyuenue. CoiictBa. [Ipumenenue.
[Hopucrteit kpemuuii. Ctpykrypa. [Tosnyuenue. CsoiictBa. [Ipumenenue.

[punnun padots kpemuueBoro MOII-Tpan3ucropa. Kommnemenrapnas napa MOII-
TPAH3UCTOPOB B IUIAHAPHOM HCIOJHEHUH HAa 00bEMHOM KpeMHHUU U Ha cTpykType KHU.
Pa3HOBHIHOCTH TEXHOJIOTUN «KPEMHUHN Ha U30JIATOPE.

Jusnextpuueckas uzossiius (DI) kpemuus.

CrpyKTypbl «kpeMHHUH Ha candupe» kak pasHoBuaHocTh KHU-cTpyKkTYp.
SIMOX-texnonorus kak pazHoBuaHocTh KHU-TexHOMOT M.

BESOI-rexnonorus kak paznoBuaHocth KHU-TexHOoMOT M.

UNIBONDTM-nporiecc kak paznoBunnocts KHU-TexHnomorum.

SmartCutTM-nporecc kak paznoBugHocth KHU-TexHOMOTHN.

ELTRAN-nponecc kak pazHouaHocts KHU-TexHom0THY.

Crpykrypabie acnektbl npobnemsl KHC (kpemuuii Ha candupe). MUKPOJIBOWHUKH H
neexTsl ~ yMakoBKM ~ HA  TreTeporpaHuie.  ABTOJIETUPOBAHUE  AFOMUHUEM.
TepmoHanpsxeHus.

l'azodaznas rereposnumnakcusi KpeMHus: Ha candup. YcraHoBka Onuksap. Hegocratku
MeTo0/1a Ta30(pa3HOro OCaXKICHUSI.

VineTpaToHKui kpemuuii Ha candupe - UTSI®. IlpumeHeHne MeToqa HMOHHOIM
UMIUIAHTAlUK U TBeproda3zHoi pekpucraiuzauuu s cHuxkenus aedexrHoctu KHC-
CTPYKTYP.

MonekynsapHo-nydeBas rereposnutakcus KHC.

ITyru pazsutua KMOII KHC-Texnonoruu.

DBOJIIOIMS UHTErPATIbHBIX cxeM. 3akoH Mypa. Pazmep Tpan3ucropos. [lnnHa kaHana.
Crenens unterpauuu. [IpoussoaurensHocts. Pazmep ninactu.

[ToneBoii HaHOTpaH3UCTOP MOKOJIeHUs: 10 HM: OCHOBHBIE YEPTHI.

Pa3Butne HaHonuTorpaduu. JKCTpeMalbHbIN YIbTPaQHOTIET.

Hanpsoxénnblii kpemMHu. TeXHOJIOTUs CO31aHus OJTHOOCHOTO U IBYXOCHOTO HANPSLKEHUS
B KaHaJIE.

JIM3IIEKTPUKH ¢ OOJIBIION AUdIeKTpUUecKkoii mporunaemocthbio (high-k).
MHoroypoBHeBass ~ MeTaum3auus.  JIMdDIEKTpUKM ¢ Majloll  IUAJIEKTPUYECKON
nponuiaeMoctrio (low-K).

I1yru passutus kpemaueoiit KMOII-TexHomorun.

6. YueOHO-MeTOAMYECKOE M HH(POPMALMOHHOE 0O0ecneyeHue TUCIUIJIMHBI.

a) OCHOBHAs JIMTeparypa
1. Hlyka A.A. HanosnektpoHnuka.- M.: ®uzmatkuura, 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. Hanorexnosoruu B anekrponunke. Boim. 2. /Tlox pen. FO.A. Yanneiruna.- 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=Chaplyqgin.pdf

3. Hparynos B.I1., HeusBectnsiii B.A., ['pumunn B.A. Hanoanekrponuka. B 2 4.: Yueo.
mocobwue.- 3-e u3., ucil. u jot.- 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
ITyn Y., Oyenc ®@. Hanorexnonorun.-M.: Texaocdepa, 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.W1. Hanomarepuaibl, HAHOCTPYKTYpPBI, HaHOTeXHOJOTHA.- M.:dm3mariut, 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. ®wusuka TBEpHOTO Tena: JlabopaTopHkIi mpakTkyM. YueOHoe mocodue. B 2 1. /Tlox pex. mpod.

A.®. Xoxnosa. Tom 1. Meropl nosiydeHust TBEPABIX TE U UCCIACAOBAHUS UX CTPYKTYPHI. -M:
Beicmr. mk., 2001.-364 c. http://www.lib.unn.ru/php/details.php?Docld=42524

0) IOMOJTHUTEIbHAS JIUTEPATypa

1. Vaiircaiinc JIx., Dirnep ., Augepc P. u np. Hanotexnomorus B OmxaiiieM 1ecaTHIICTHH.
[Iporno3 HanpasieHus uccieaoBanuii.- M.: Mup, 2002.- 292 c.
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/

2. HanoTtexHoyioruu B mOJyMPOBOIHUKOBOH 3nekTpoHuke /OTB. pen. A.JI. Acees.-
HoBocubupck: M3a. CO PAH, 2004.- 368 c.
http://phys.unn.ru/library dl.asp?fn=Aseev.pdf

3. INoxena 0. dusnka ObICTPOAECHCTBYIOIIMX TPaH3UCTOPOB.- BunbHioc: 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. O®usuka NOIYNPOBOJHUKOBBIX 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. Texnonoruss CBUC: B 2-x ku. K#. 1. ITep. ¢ anru. /Tlox pexn. 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) nmporpamMmHoe odecnieuenne u MHTEpHET-pecypehl
http://www.lib.unn.ru/ - ®ynnamenranbuas oudanorexka HHI'Y
http://studentlibrary.ru - Crynenueckas anekTpoHHast OHOIMOTEKA
https://biblio-online.ru/ - Dnextponnas 6ubmuoreka KOpaiT
https://e.lanbook.com/ - DnexTpoHHO-OMOIHOTEYHAS crcTeMa U3JT. «JIaHb»
http://biblioclub.ru — Yausepcurerckas oudamoreka ONLINE
http://phys.unn.ru/library.asp - Dnekrponnas 6ubmrorexka ©®3® HHI'Y
http://www.studmed.ru - YueOHO-MeTOIMYECKas TUTepaTypa JJisl CTYICHTOB
http://www.twirpx.com - O0OIIeOCTYIHBINA caiiT WWW.tWirpx.com
http://www.rfbr.ru — bubniorexa PODU.

2. MarepuajibHO-TeXHHYECKOe 00ecneyeHue TUCIUTIHHbI
Jlnst mpoBeieHUsT 3aHATHI IO TUCHUIUIMHE (YTEHUE JIEKIMA U KOHTPOJb CaMOCTOSTEIbHON
paboThl) HEOOXO0IMMa ayTUTOPHS, OCHAIIEHHASI BUICOTTPOCKTOPOM U ayJTUO CUCTEMOM.
Texnonoruueckast 1aboparopusi: BakyymMHbIE YCTaHOBKH IS STTUTAKCHAIBHOTO
HapamuBanus mapku BYII-4.
DnekrpoHorpaduueckas nadoparopus: Inexkrpororpad SMP-102.
JlabGopaTopust 37EKTPOHHOM MUKpOcKoruu: [IpocBednBaronye 3IeKTPOHHBIE MEKPOCKOTIBI
OMB — 100JIM, JEM-2100F
JlabopaTtopust CkaHUpYIOIIeH 30HA0BOMH MUKpOCKOTTHH: CKaHUPYIOUTHUNA 30HI0OBBII
mukpockon NanoEducator.

PaGoyass mporpamma y4eOHO#M NUCIMILIMHBI COCTaBIICHA B COOTBETCTBUU C YYEOHBIM
rutaHoM, T1os1okeHueM O MOIrOTOBKE HAYYHBIX U HAYYHO-TIEIarOTHYECKUX KaJAPOB B aCIUPAHTYpPE
(ampronkrype) (Ilocranornenue IIpaButenscrBa PO ot 30.11.2021 Ne 2122), denepanbHbIMU
rOCyJapCTBEHHBIMH TPEOOBAaHHUSMHU K CTPYKTYpE MPOTpPaMM IMOJTOTOBKH HAYYHBIX U HAY4HO-
MeJarornyeckux Kaapos B acniupantype (aapronkrype) ([Ipukaz Muno6puayku P® 0120.10.2021
Ne 951).

Astop nipod. /I.A. ITaBnoB
Peuensent npod. E.C. lemunos
3aBeayromuii kagenpoit

(U3UKH TIOTYTIPOBOJHUKOB, SJICKTPOHUKU M HAHOSJICKTPOHHUKH
1.¢.-M.H. podeccop . A. TTaBnoB

[Mporpamma ono0OpeHa Ha 3acelaHHHM METOJUYECKOW KOMHUCCHU (H3MUECKOTO (akyabTeTa OT
2022 rona, npotokon Ne 6/H


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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