MUWHUCTEPCTBO HAYKH 1 BBICIIEI'O OFPA3OBAHMSA POCCUNCKOM ®EJEPALIAH
(denepanbHoe rocyiapcTBeHHOE ABTOHOMHOE
oOpa3oBaTe/ibHOE YUpexKAeHHe BbICIIEro 00pa3oBaHus
«HanuoHaJbHBIN HCCIEI0BATEILCKUH
Huxeropoackuii rocynapcrBennblii yuusepcurer um. H.A. JlobaueBckoro»

YTBEPXJEHO
pewenreM yueHoro copera HHI'Y
nporokot ot "27"anpens 2022 r. Ne6

PaGouyas nporpamMma QM CHUNJINHBI
«AKTyaJIbHbIE IP00JIEMbl COBPEMEHHOM 3J1eKTPOHUKH U HAHOJIEKTPOHUKH)>

YpoBeHb BhICIIEro 00pa3oBaHUs
IloaroToBKa HayYHBIX M HAYYHO-TE€JArOTHYECKHUX KA/IPOB

Hayunble ciennanbHOCTH

1.1.2. Iuddepenunanbupie ypaBHeHUSI U MaTeMatuueckas ¢usuka, 1.1.4. Teopus BeposiTHOCTEH
U MaTemaThueckas cratuctuka, 1.1.5. Marematuueckasi joruka, airedpa, TEOpHs YHCENT U
TUCKpeTHass ~ maTtemaruka, 1.1.8.  Mexanuka  gegopmMupyemMoro  TBEpIOro  Teia,
1.2.1. UckyccTBeHHBI MHTEJUIGKT M MamMHHOe oOydenue, 1.2.2. Maremaruyeckoe
MOJICJINPOBAHUE, YHUCJIEHHBIE METOJIbl M  KOMIUIEKChl mporpamy, 1.3.11. ®wusuka
nonynpoBonuukoB, 1.3.19. Jlazepnas ¢usuka, 1.3.4. Pamumodusuka, 1.3.7. AkycTuka,
1.3.8. ®usznka  KOHJCHCHUPOBAaHHOIO  COCTOSIHHS, 1.4.1. Heopranunueckas  Xumus,
1.4.2. Anamutndeckas xumus, 1.4.3. Opranmueckas xumus, 1.4.4. Duzmdeckas XUMHS,
1.4.7. BeicokomoeKysipHble coequHeHus, 1.4.8. XumMus 31eMEeHTOOPraHu4eCKUX COeIUHEHU,
1.5.11. Mukpo6wuosorus, 1.5.15. Dxonorus, 1.5.2. buodusuka, 1.5.21. duznonorus u 6noXuMus
pactenuii, 1.5.5. ®usnonorus yenoBeka M >KUBOTHBIX, 2.2.2. DIEKTPOHHAs KOMIIOHEHTHas 0aza
MHUKpPO M HAHORJIEKTPOHUKH, KBAHTOBBIX YCTPOMCTB, 3.2.7. Anneprojorus U HMMYHOJIOTHS,
5.1.1. TeopeTuko-ucroprueckue IIPaBOBBIE HayKH, 5.1.2. [1y6nuuyHo-nipaBoBbIE
(rocymapcTBeHHO-TIpaBOBbIe) Hayku, 5.1.3. YacTHo-mpaBoBble (IMBWIMCTHYECKUE) HAYKH,
5.1.4. YronmoBHo-ipaBoBbie  Hayku,  S5.1.5. MexayHapoaHo-ipaBoBble  Hayku,  S5.12.1.
MexnucuuIianHapHble HCCIeA0BaHUsS KOTHUTUBHBIX IpolueccoB, 5.2.3. PeruonanpHas u
oTpacieBas SKOHOMHUKa, 5.2.4. @duHaHchl, 5.2.6. MenemxmenT, 5.3.7. Bo3pacTHas ncuxomorus,
5.4.2. Dxonomuueckas couuoisorus, 5.4.4. CounanbHasi CTPYKTypa, COLUAIbHbIE HHCTUTYTHI U
npotiecchl, 5.4.6. Couuonorus KynbTypsl, 5.4.7. Comnuonorus ynpasienus, 5.5.2. [lonutnueckue
WHCTUTYTBI, TPOIECCHI, TEeXHONOTWH, 5.5.4. MexXIyHapoaHbIlE OTHOIIEHUS, TIOOAlbHbIE W
peruoHanbHbIe uccneaoBanus, 5.6.1. OteuecTBeHHas uctopus, 5.6.2. Beeobmas ucropus, 5.6.7.
Hcropust MeXIyHapOIHBIX OTHOIIEHWH W BHEWIHEW NonuTvku, 5.7.1. OHTONOrHMS U TEeopus
no3Hanus, 5.8.2. Teopus u Meroguka oOy4yeHMs H BocnuTaHus, 5.8.7. Meromonorus u
TEeXHOJOTUs TpodeccuoHanbHOTO oOpa3zoBanus, 5.9.2. Jlureparypel HapogoB Mupa, 5.9.5.
Pycckuii s3p1k. SA3b1KM HapooB Poccuu, 5.9.6. SI3b1ku Hapo0B 3apyOeKHBIX CTpaH (C yKa3aHHeM
KOHKPETHOTO A3bIKa WJIM TPYIIHI S3BIKOB), 5.9.9. MennakoMMyHHUKALUU U KYpPHATUCTUKA

Hwxnuit Horopon
2022 rox



1. MecTo 1 neau aucuuILInHbI B cTpykType OITOII

JucuumimmHa « AKTyanbHbIE TPOOIEMBbl COBPEMEHHOM AIEKTPOHUKH W HAHOAJICKTPOHHUKIY
oTHocutcs K BapuatuBHoi yactu OIIOII, siBisieTcst hakyabTaTUBHOW NUCIMIUIMHON M M3y4aeTCs
Ha 2 roxty oOyudeHus B 3 cemectpe.

Lesbio ocBoOeHUST AMCHUTIIMHBI  AKTyalIbHBIC TIPOOJIEMBI COBPEMEHHOM JIEKTPOHUKU U
HAHODJICKTPOHHUKWY SIBISIETCS HM3YYCHUE IEPEIOBBIX NOCTH)KCHHH, OCHOBHBIX HAaIlpaBIICHUI,
TEH/ICHINH, TIEPCIIEKTUB U MPOOJIEM Pa3BUTHS COBPEMEHHOW 3JIEKTPOHUKH U HaHOSJIEKTPOHUKU
JU1sl BBIPAOOTKH HaBBIKOB OI[CHKU HOBHU3HBI HCCIICJIOBAaHUN M Pa3padOTOK M JIsl OCBOCHHSI HOBBIX
METOJOJIOTUYECKUX MOAXOJ0B K pEIIeHHI0 3agad B o0jactu  mpodecCHOHATbHOU
HOJIyTPOBOAHMUKOBOM JICKTPOHHKH.

3. CTpykTypa u coJepkaHue JUCUMUIIIHHbBI.

O0beM AUCIUTUIMHBI (MOJYJIA) COCTaBiseT Bcero - 36 daca, M3 KOTOpbix 18 wacom
COCTaBJISIET KOHTAaKTHast paboTa 00y4aromerocs ¢ mpenoiaBareiieM (3aHATHs JICKIMOHHOTO THTIA),
18 yacoB cocTaBiseT caMOCTOSITENbHAS paboTa 00yYaroerocs.

Tabanna 2
CTpyKTypa M CUHNIHHBI
B Tom uncie

KonTakTHas padora, yacoB
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Bsenenne. Kpemnnii — 16 4 4 12
OCHOBA AJIEKTPOHUKH H
HAHOXJIEKTPOHUKH
Mertoabl MOTy4eHUs] TOHKUX 23 2 9 11 12
ILUIEHOK U CIIOEB KPEMHUS.
CrpyKTypa KpeMHUs. 23 2 9 11 12
CrpykTypa, CBOICTBa, 23 2 9 11 12
MOJTyYeHUE, IPUMEHEHUE
IUIEHOK U CJIIOEB KPEMHHUS.
KHU-TexHonorus kak 23 2 9 11 12
OCHOBA MHTETPAIIBHOU
MHUKPODJIEKTPOHUKH.
Texnonorusa KHC kak 14 2 2 12
pasHoBuHOoCcTh KHU-
TEXHOJIOTHH.
OBONIOIUSA UHTETPATIBHBIX 14 2 2 12
cxeMm. 3akoH Mypa.




Texymuit KOHTPOJIb

6 2

BCEI'O

142 18 36

54

88

HpOMe)KyTO‘lHaH arrecranusd 1o AMCHOUMIIJINHE 3a4Y€eT

Coaep:xxaHue TMCUUILTHHBI

Taoauna 3

Ne
n/n

HaumenoBanue

pa3aesia TUCHUIIHHBI

Copaep:xaHue pasjeja

®opma
NPOBEACHUA
3aHATUHA

®opma TeKkylero
KOHTPOJIA

Bsenenue.

Kpemuuii — ocHoBa

AJIEKTPOHHUKHU U

HaHOJ3JICKTPOHUKHU

OCHOBHBIE 3Tallbl MPOU3BOJICTBA
KpEMHUSIL. [Tonyuenue
TEXHUYECKOI0 KPEMHHSL.
[Tonyuenue
MOJIYTIPOBOIHUKOBOTO KPEMHHSI.
Merton BOJIOPOJIHOTO
BOCCTaHOBJICHUS
TPUXJIOpCUIIaHA.
TPUXJIOPCHIIAHA.
BoccraHoBiieHHE  OYHIIIEHHOT'O
TPUXJIOPCUIIAHA. [Tonyuenue
MOJUKPUCTAIMYECKUX
CTEp>KHEN KpeMHUs u3
MOHOCHJIaHa SiHa.
[1pon3BOCTBO MOHOKPHUCTAIIIIOB
kpemuusi. OOopymoBaHue ISt
BBIpAIIUBaHUSI CIUTKOB. MeTon
Yoxpanbsckoro. JlerupoBanue
MOHOKPHUCTAJIJIOB KPEMHUS.
OO6pabotka cauTkoB. Metog
OeCTHIeIbHOM 30HHOH ILIaBKU.
Jedextnr
MOHOKPHUCTAJNINYECKOTO
kpemHusi. OcHOBHbIE (HOHOBBIE
IIPUMECH. [IpousBoacTBo
kpemHuss B Poccum wu  3a
pyOexxoM. DTambl KpPEeMHHEBOM
TEXHOJIOTHH.

Ouunctka

Jlexuun

Kontpous
IIOCEIAaEMOCTH

MeTtoasl MOJIyUCHUA

TOHKHX IIEHOK U
CJIOEB KPEMHHUSL.

["azodaznas SIUTAKCHUS
KpEMHHs. YCTaHOBKa OIHMKBap.
MounekyapHO-I1y4eBoe
OCaXKICHHE u SMUTAKCHUS
KpEMHUS. ¥YcraHoBka
CyOJMMAalIMOHHON  AMIUTAKCHH
KpEMHUS. CrpyKTypHBIE
mMoaudukanuu kpemuus (a-Si,
nc-Si, por-Si, mc-Si, poly-Si,.c-
Si). Tlmazmoxummueckoe BY-
pa3oXKEeHUE CUIIaHa.

Jlexmuu,
nabopaTopHble
paboThI.

KonTpons
MOCEIIaeMOCTH,
npuemM u
IpoBepKa
OTYETOB o
1a60paTOpPHBIM
pabotam.




CrpykTtypa CrpykTypa aroma: 3amnonHeHue | Jlekuumu, KonTpons
KPEMHUSL. JJIEKTPOHHBIX ~ 000JI0UeK M | JaOOpaTOpHbBIE | MOCELAeMOCTH,
rudpuau3anus BAJICHTHBIX | pabOTBHI. IIpUeEM u
cocTtostHUM. CTPYKTYpHBIM THI MpoBepKa
anMasa. I[IpocTpaHcTBeHHass u OTYETOB o
TOYEYHAs CUMMETPHS. 1a00paTOPHBIM
Onucanue CTpyKTypHOI'O TUIIA B pabotam.
TepMHHAX TJIOTHEUIIICH
YITAKOBKH. Crpykrypa
IIOBEPXHOCTHU KPEMHHUS.
PekoHcTpykumss u Metonsl €€
HaOIr0AeHuS. Tumnbr
IIOBEPXHOCTHOM PEKOHCTPYKLIUU
KpEMHUSI. ITpumecu Ha
MIOBEPXHOCTU KPEMHUSI.
CrpykTypa, [Inénku nonukpucramumueckoro | Jlexkuuu, Kontpouns
CBOMCTBA, KpEMHHUSL. [Inéuku | 1abopaTopHble | MOCELIAEMOCTH,
I0JIy4€HUE, MUKPOKPHUCTAJNINYECKOTO paboTHI. IpUeM u
IIPUMEHEHNE kpemHus. IInéuku amopdHoro IIPOBEpKa
IJIEHOK U CJIIOEB KpeMHHUs. [IopucTelil KpeMHUI. OTYETOB o
KPEMHUS. 1a00paTOPHBIM
paboram.
KHHU-Texnonorus [Tpunmun paboTel kpemMHueBoro | Jlekuuwu, Kontpouns
KaK OCHOBa MOII-Tpan3ucropa. 1a0opaToOpHbIE | MMOCELIAeMOCTH,
HMHTETPAIbHON Komnnemenrapnass napa MOII- | paGoTsbl. IpueM u
MHUKPODJIEKTPOHUKH. | TPAH3UCTOPOB B IUIAHAPHOM IIPOBEpKa
UCIIOJTHEHUM Ha  0OBEMHOM OTYETOB o
KpeMHuu 1 Ha crpykrype KHU. 1a00paTOPHBIM
PasnoBugHOCTH TEXHOJIOTUH paboTtam.
«KPEMHMH  Ha  H30JATOPE».
JuanexkTpuyeckas M30JIALMS
(DI) xpemHus.  CTpyKTypbl
«KpeMHUH Ha cangupe» Kak
pazHoBuaHocte KHU-cTpykTyp.
Texnomornu SIMOX,
BESOI, UNIBONDTM,
SmartCutTM, ELTRAN.
Texnonorna KHC CrpykTypHBIE acnekTsl | Jlekuun Kontposnb
Kak pasHoBUHOCTh | mpobnembl KHC (kpemHuii Ha MTOCEIIAEMOCTH

KHU-Texnomoruu.

candupe). MUKPOABOWHUKH U
neheKThI YIIaKOBKHU Ha
reTepOrpaHMmIIe.

ABTOJIETUPOBAaHUE AFOMUHUEM.
Tepmonanpspxenus. ['azodasznas
TeTepO3IUIAKCHsI KPEMHHSI Ha
cangup. YcraHOBKa DIUKBap.

Heno-cratku MEeTOoIa
razoazHoro OCAXKJICHUS.
VapTpaTOHKMH  KpeMHHMH Ha

candupe - UTSi®. [IpumeHenue




METO0/1a MIOHHOW UM-TUJIAHTALlUU U
TBepa0Ga3HOU
pEKpHUCTAIUIN3ALMH JUTSt
cawkenus nedexrtnoctn KHC-
CTPYKTYP. MonexynspHo-
nydeBas rereposnutakcus KHC.
ITytu paszsurus KMOII KHC-
TEXHOJIOTHH.

7 DBOJIOLUS
WHTETPATbHBIX
cxeM. 3akoH Mypa.

Pazmep TtpansuctopoB. J[lnuHa
kaHasia. CTeneHb HWHTErpaluH.
[IpousBoguTensHOCTh. Pa3zmep
IUIACTHH. ITonesou
HaHOTpaH3UCTOp mokosieHus: 10
HM: OCHOBHBIE 4epThl. Pa3Butue

HAHOJIUTOTPAPHH.

DKCTpeMaibHbIN yIbTpaduOIeT.
HanpsoxEnnbrit KpPEMHHU.
Texnonorus CO3aHUs
OJIHOOCHOTO U JIBYXOCHOIO
HaIPsHKEHUS B KaHae.
Husnextpuku ¢ 001bI110H
JIABJIEKTPUYECKOM

POHHUIIAEMOCTHIO (high-k).
MHoroypoBHeBas

MeTayu3anus. JIudIeKTpuku ¢
MaJIOM  JTUBJIEKTPUYECKOM TIpo-
Hunaemocteio  (low-k). Ilytu
pa3Butusa kpemHueBoi KMOII-
TEXHOJIOTHH.

Jlexknuu

KonTponb
IIOCEIaEMOCTHU

4. ®opMbI OPraHu3alui U KOHTPOJIS CAMOCTOSITEIbHOM PadoThI 00yYaKOIIUXCS
CamocrosiTenpHas paboTa moipa3yMeBaeT UCIIOIb30BaHUE PEKOMEHI0BaHHbIX HTepHeT-

PECYPCOB, T.€. U3y4EHHE OCHOBHOM U JIOTIOJIHUTEIBHON JIUTEPATYpPBI IO KYpCy.

[Tepeuens pekoMeHOBaHHOM TUTEPATYpbl 1 UHTEpHET-pECYpPCOB IPUBEICH B 7-M pa3ene
naHHoOUM mporpammbl. KoHTpos camocToaTenbHON paboThl oOydaronuxcs, npu yciaosuu 100%

MOCENIAEMOCTH, TPOUCXOAUT B (HOpME KOJUIEKTUBHOTO OOCYXKICHHS TEMAaTUKU Pa3/IelioB

JAUCHUIITIMHBI BO BpPEMs J'ICKI_[I/II\/’I, a IIPOMEKYTOUHAA aTTCCTaluAd (3aqu) npeamnojaract

IPOBE/IEHUE IKCIIPECC aHAIN3A YPOBHS OCBOCHHUSI KOMIIETEHINH B (hopMe KOJUIOKBUYMa, TECTOBBIE
BOINPOCHI KOTOPOTO BBIBEJIEHBI M3 TEKCTa JaHHOW paboueil mporpamMmbsl B IpuiioxkeHue (poHaa
oueHouHbIX cpeacTB (POC). Tam xe moapoOHO ONUCaHa U MPOLIEypa OLIEHUBAHUS PE3YIbTAaTOB.

[Tomumo BbIIIETIEPEUNCIACHHBIX (OPM KOHTPOJISI U MPOMEKYTOYHON aTTeCTallMi UMEETCs

TAaKXE NIEPEUYCHb KOHTPOJIBbHBIX BOIIPOCOB, IPUMCHACMBIX B (1)OpMe YCTHOTI'O 3a4€Ta.

5. (I)OHI[ OLCHOYHBIX CPEACTB IJIfl aTTECTAUH M0 JTUCHUIIIMHE

5.1. Kpumepuu u npoyedypul oyenusanus pe3yibmamos o0yuenus no Oucyuniune.

HpI/I BBIIIOJIHCHHUHN BCEX pa60T YUYHUTBIBAIOTCS CIICAYIOIIHNEC OCHOBHBIEC KPUTEPUM.




YpPOBEHb TEOPETHYECKHX 3HaHMW (moJapa3ymeBaeTcss HE TOJNBKO (QopMalibHOE

BOCITPOMU3BCACHUC I/IH(bOpMaLII/II/I, HO W IIOHMMaHUC NpCAMETA, KOTOPOC IMMOATBCPKIAACTCA

MMpaBUJIIbHBIMU OTBCTAaMHW Ha JOIOJIHUTCILHBIC, YTOUHAIOIIMWC BOIIPOCHI, 3aJaHHBLIC YJICHAMU

KOMHCCHH);

— YMCHHC HCIIOJIb30BATh TCOPCTUUCCKHUEC 3HAHUA IIPU aHAJIUM3€ KOHKPCTHBIX HpOGJIeM,

CUTYyalU;

— Ka4C€CTBO U3JIOKCHUA MaTC€pHUalia, TO €CTh O60CHOBaHHOCTB, YCTKOCTb, JIOTUYHOCTHh OTBECTA, a

TAaKXE €TI0 II0JIHOTa (TO €CThb COACPKATCIIbHOCTDh, HC NCKIIFOYAaroIas C)KaTOCTI/I);

- CIOCOOHOCTh YCTaHABIMBATh BHYTPU- U MEKIIPEIMETHBIE CBSI3H,
- OPUTMHAJIBHOCTb MBIIUICHUs, 3HAKOMCTBO C JOIOJHUTEIBHON JINTEPAaTypoOd M JpyTHE

baxTopsI.

Onucanue wKanol OUCHUBGAHUA HA npome.ncymoquoﬁ ammecmauuu 6 ([)opme 3auema

Ounenka YpoBeHb OATOTOBJIEHHOCTH, XapaKTepPU3yeMblil OLleHKOM

3aumeno KPUTHYCCKN aHAJIM3UPOBATh U CPABHHUBATH CYIICCTBYIOMUC IMOAXOAbI 1 MCTOABI

BI1aACHHUC IIporpaMMHbIM MaTCpHaioM, IIOHUMAaHUuC CYIIHOCTH
paccMaTpruBaACMBIX ITPOLICCCOB U $IBJI€HI/II71, YMCHHUEC CaMOCTOATCIIbBHO 0003HAYUTH
HpO6J'ICMHBIe CUTyallul B OpraHu3allii HAYYHBIX HCCJ'IG,HOBB.HHFI, CIIOCOOHOCTD

K OLIEHKE pe3yJIbTaTUBHOCTU HAY4YHOM MAEATENbHOCTH, CBOOOJHOE BiaJleHHE
MCTOYHUKAMU, YMEHHE YETKO U SICHO U3J1araTh pe3yJbTaThl COOCTBEHHON pabOThI,
CJI€I0BATh HOpMaM, IIPUHATHIM B HAYYHBIX JUCKYCCHUSX.

He npoOJIEeMHbIE CUTYyallMH, HECIOCOOHOCTh  aHaJIM3UPOBATh M CpPaBHUBATh
3aumeHo | CyIIECTBYIOIUE KOHILENINH, MOAXOABbl U METOAbI, HEYMEHHUE SICHO H3JIararb

HCIIOHUMAHUE CMBICIIa KIHOYCBBIX HpO6JICM, HEAOCTATOYHOC BJIAACHHUC
HaYKOBe,quCKOﬁ TepMHHOHOFHeﬁ, HCYMCHHEC CaMOCTOATCIbHO 0003HAYUTh

pe3ynbTaThl cOOCTBEHHOM paloTHI, Cle10BaTh HOPMaM, NMPUHATHIM B HAYUHBIX
JUCKYCCHSIX.

B

©o~No O

5.2. pruepbt Mmunoeslx KOHmMPOJ/IbHbIX 3a0aHUIl  UMU  UHBIX Mamepuaiios,
Ucnoib3yemoslx ona OUCHUBAHUA pe3)/ibmamoe 06_])‘!8Hll}l no ()ucuunﬂuue

Bonpocs! 115 KoHTpOs

1 Kpemuuii. OcHOBHBIE 3Tambl MPOM3BOACTBA KpeMHMs. llomyueHue TeXHHUYECKOTro

KPEMHHUSL.

[Tonydyenne mMONyIpPOBOIHUKOBOIO KpeMHHUS. MeToa BOJOPOIHOTO BOCCTAHOBIJIECHHUS
TPUXJIOPCHUIIAHA. OuncTka  TPUXJIOPCHIIAHA. Boccranosnenue OUUIIIEHHOTO
TPUXJIOPCUIIAHA.

[TonydeHre NOMTUKPUCTAITUTMUECKUX CTEPKHEH KpeMHUsI U3 MOHOcHIana SiHy
[Tpon3BoaCTBO MOHOKPHUCTAIIIIOB KpeMHus. OO0opyIoBaHue JUIsl BBIPAITUBAHUS CIIMTKOB.
Meroa HoxpasbCkoro.

JlermpoBaHre MOHOKPHUCTAIIIOB KpeMHHs. OOpabOTKa CIUTKOB.

MeTton 6ecTurensHOI 30HHOM MIIaBKH.

JledeKTsl MOHOKPUCTAITNYECKOTO KpeMHUsI. OCHOBHBIE (JOHOBBIEC TTPUMECH.
[TpousBocTBO KpemHus B Poccun u 3a pyOekom.

DTarnbl KPEMHUEBOW TEXHOJIOTHH.

Mertoabl MOTy4eHUs! TOHKUX TUIEHOK U CJIOEB KPEMHUSI.



11.
12.

13.
14.
15.

16.

17.
18.
19.

20.

21.
22.
23.

24,
25.
26.
217.
28.
29.
30.
31.
32.

33.
34.
35.
36.
37.
38.
39.
40.

41.
42.

43.

l"azodaznas snuTakcust KpeMHHS. Y CTAHOBKA DIHKBAp.

MonekyIsipHO-TTy4eBOe OCAXKICHUE U JMUTAKCHUS KPEMHHsI. Y CTAaHOBKA CyOIMMAIIHOHHOM
SMUTAKCUU KPEMHHSL.

CrpykrypHble MOomUduKanuu kpemuus (a-Si, nc-Si, por-Si, mc-Si, poly-Si,.c-Si)
[Tna3zmoxumunueckoe BU-pasnoxenue cunana.

Crpykrypa kpemuus. CTpyKTypa aroma: 3allOJIHEHHE OJIIEKTPOHHBIX OOOJOYEeK |
ruOpuaAn3aIysl BaJICHTHBIX COCTOSIHHIM.

CrpyktypHblid Tun anMmasa. [IpocTpancTBeHHas M ToyeuHass cumMmerpus. Omnucanue
CTPYKTYpPHOTO THUIIa B TEPMUHAX IUIOTHEUIIEH YITAaKOBKH.

CTpyKTypa MOBEPXHOCTH KPEMHUS. PEKOHCTPYKITHMS ¥ METO/IbI €€ HAOIIF0ICHUSI.

Tunsl TOBEpXHOCTHOM PEKOHCTPYKIMH KpeMHus. [IprMecu Ha TOBEPXHOCTH KPEMHHSL.
[Inéuku nomukpucramumueckoro kpemuus. Crtpykrypa. [lomyuenue. CBoiicTBa.
[Ipumenenue.

[Inéuku mukpokpuctaimmyeckoro kpemuus. Ctpykrypa. Ilomyudenue. CBoiicTBa.
[Ipumenenue.

[Inénku amopduoro kpemuus. Ctpykrypa. [lomyuenue. CoiictBa. [Ipumenenue.
[Hopuctsiii kpemuuii. Ctpykrypa. [lomyuenne. CoiictBa. [Ipumenenue.

[Ipunuun padotel kpemHueBoro MOII-Tpan3ucropa. Kommiemenrapuas nmapa MOII-
TPaH3UCTOPOB B INTAHAPHOM HMCIIOJIHEHUU HAa 00bEMHOM KpeMHHH U Ha cTpykType KHU.
Pa3HOBUIHOCTH TEXHOJIOTMU «KPEMHUN HA U30JISITOPEY.

Husnexrpudeckas uzossius (DI) kpemawus.

CTpyKTypsl «KpeMHHIA Ha canpupe» kak pazHosugHocts KHU-cTpykTyp.
SIMOX-rexHonorus kak pasHopuaHoctb KHU-TexHOMOTHH.

BESOI-rexnonorus kak pasaoBuanocts KHU-TexHonorum.

UNIBONDTM-nporecc kak paznoBugHocth KHU-TexHoMOTHM.

SmartCutTM-nporiecc kak pazHoBuaHOocTh KHU-TexHOMOTHY.

ELTRAN-npouecc kak paznoBuanocts KHU-TexHOMO0OTHN.

Crpykrypsble acniektbl npobnembl KHC (kpemuuit Ha candupe). MUKpOABOWHUKH U
nedekThl ~ yMakoOBKM  HAa  TeTeporpaHuile.  ABTOJETUPOBAHHE  AITIOMHHHEM.
TepMmoHanpsKeHus.

l'azodasznas rereposnunakcusi KpeMHUsT Ha carndup. YcraHoBka OnukBap. HemoctaTku
MeTo/J1a Ta30()a3HOro OCAKICHHUS.

VibTpatonkuii kpemHuii Ha candupe - UTSI®. IlpumeHeHue MeToa HOHHOM
HMMIUIAaHTAlUK U TBepAo(]a3HONW peKpucCTaIIM3auuu i cHkeHus nepexrnoctu KHC-
CTPYKTYD.

Monexkynsipao-nydeBas reteposnurakcust KHC.

ITytu pazsutusa KMOII KHC-texHomorun.

DBOJIIONMST MHTETPANBHBIX cXeM. 3akoH Mypa. Pasmep tpanszuctopoB. JlyinHa kaHana.
Crenenp unrerpauuu. IIponzsogurensHocts. Pazmep miactus.

[Tonesoit HaHOTpaH3UCTOP MOKOJIeHUsT 10 HM: OCHOBHBIE YEPTHI.

PazBurtue Hanonmutorpaguu. IKCTpeManbHbIN yIbTpaduoerT.

Hanpsixénnbiil kpemHunid. TeXHOI0THS CO31aHNs OJHOOCHOTO U IBYXOCHOTO HAIPSIKEHUS
B KaHaJe.

JIMAIIEKTPUKH ¢ OOJIBIION AUAIeKTpUIeckoi mpoHuiaeMoctbio (high-K).
MHoroypoBHeBast ~ MeTtaynu3auus.  JIUdneKTpukn ¢ Majlod  IMAJIEKTPUYECKOU
nponuriaeMoctbio (low-K).

IIytu pa3zsutusa kpemuueBoit KMOII-texnonorumu.

6. YueOHO-MeTOAMYeCcKOe U MH(OPMAIIMOHHOE O0ecTeyeHne TUCHMIIUHbI.

a) OCHOBHasi JINTEpaTypa
1. Illyxa A.A. Hanoanektponuka.- M.: ®usmarkuura, 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/l1
https://e.lanbook.com/book/84102#authors
http://phys.unn.ru/library dl.asp?fn=Shuka.pdf

2. Hanorexnomoruwu B anekrponuke. Beim. 2. /Ilox pen. FO.A. Yamueiruna.- 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.II., Henszsectuoiit B.A., I'puaunn B.A. Hanosnekrponuka. B 2 4.: Yue0.
nocobwue.- 3-¢ u3., ucn. u joi.- M.: U3narenscrBo 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 FC66EFB254#page/1
https://biblio-online.ru/viewer/0491672E-6A76-4D5A-853E-15CAA2DC1631#page/l
http://phys.unn.ru/library dl.asp?fn=Dragunov.pdf
ITyn 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. I'yce A.W1. Hanomatepuanbl, HAaHOCTPYKTYpbl, HaHoTexHonoruu.- M.:@usmarnut, 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 tBEpOTO Tena: JJabopaTtopHslii mpakTukyMm. YueOHoe nmocodue. B 2 . /Ilox pen. npod.
A.®. Xoxnosa. Tom 1. MeToibl mosry4eHns TBEPABIX TEJI U UCCIEAOBAHUS UX CTPYKTYPBI. -M:
Brercmr. mik., 2001.-364 c. http://www.lib.unn.ru/php/details.php?Docld=42524

0) 10MOJIHUTE/ILHASA JIUTEpaTypa

1. Vaiircaiine [Ix., Oiirnep /1., Auaepc P. u np. HanotexHonorus B 6imxaiiieM AecATHICTHH.
[Iporno3 nanpasnenus uccienoBanuii.- 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. HaHOTEXHOIOTHHU B MOIYIPOBOJHUKOBOI Amekrponuke /OTB. pen. A.JI. Acees.-
Hoocubupck: 1U3a. CO PAH, 2004.- 368 c.
http://phys.unn.ru/library dl.asp?fn=Aseev.pdf

3. Toxena 0. ®usnka OBICTPOICHCTBYIONIMX 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. Owusmka TMOJYNPOBOJHUKOBEIX 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#page/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#page/1
https://biblio-online.ru/viewer/0491672E-6A76-4D5A-853E-15CAA2DC1631#page/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. Texunonoruss CBUC: B 2-x xu. K#. 1. Ilep. ¢ anri. /Ilog 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) porpaMmmMHoe odecneyenue 1 UHrepHer-pecypcnbl
http://www.lib.unn.ru/ - ®yunamenranpaas oubnmmoreka HHI'Y
http://studentlibrary.ru - Ctyaen4eckas 3J1eKTpOHHast OHOIHOTEKA
https://biblio-online.ru/ - Dnexkrponnas oudaroreka FOpaiit
https://e.lanbook.com/ - DnekTpoHHO-O0MOIHOTEYHAs cHCcTEMa U3/, «JIaHb»
http://biblioclub.ru — Yuausepcurerckas 6udaroreka ONLINE
http://phys.unn.ru/library.asp - Dnexkrponnas 6ubaunotexka ®3® HHI'Y
http://www.studmed.ru - YueOHO-MeToqruecKast JIuTeparypa JUis CTyICHTOB
http://www.twirpx.com - OOIe0CTYTHbIH CAalT WWW.twirpx.com
http://www.rfbr.ru — bubnunorexa PODU.

2. MaTepl/IaJILHO-TeXHI/I‘-leCKOC o0ecneyeHue JAUCHHUIIJIMHBI

Jl71a ipoBesieHusl 3aHATUN MO TUCHUIUIMHE (UT€HUE JIEKIUI U KOHTPOJIb CAMOCTOSTEIbHOM
paboThl) HEOOX0IUMa ayIUTOPHUSI, OCHAIIICHHAS! BUCOTPOESKTOPOM M ayJUO CUCTEMOM.
Texnonoruueckas naboparopusi: BakyymMHbIe yCTaHOBKU IS STUTAKCUATBHOTO
HapaiuBaHus mapku BYII-4.
DnexTpoHorpaduueckas nadboparopus: DnekrpoHorpad SMP-102.
JlaGoparopus 3neKTpoHHON MUKpockomnuu: [IpocBeunBaroiye 31eKTpOHHbIE MUKPOCKOIIBI
OMB - 100JIM, JEM-2100F
Jlaboparopus CkaHupyloIiei 30H10Boi MUKpockonuu: CKaHUPYIOIIUA 30HIO0BbII
mukpockon NanoEducator.

Pabouast mporpamMma y4eOHOW IUCHUILIMHBI COCTaBlieHA B COOTBETCTBUU C YUE€OHBIM
IU1aHOM, [Tos10’keHnEM 0 TOArOTOBKE HAYYHBIX M HAYYHO-IIEJarOTMYECKUX KaIpOB B aCIIUPAHTYPE
(ampronktype) (ITocranoBnenue IlpaBurensctBa P® ot 30.11.2021 Ne 2122), denepanbHbIMU
rOCyJJapCTBEHHBIMH TPeOOBaHUAMHU K CTPYKTYpe NMpOrpaMM MOATOTOBKM HAy4YHBIX U HAy4YHO-
Helaroruyeckux KajapoB B acnupantype (aabionktype) (IIpukxaz MwuHoOpHayku PO or
20.10.2021 Ne 951).

Astop nipod. JI.A. [1aBnos
Peuensent pod. E.C. demunaor
3aBenyrouuii kadeapoit

(1)I/I3I/IKI/I IMOJIYITIPOBOAHHUKOB, SJICKTPOHHWKH U HAHOSJICKTPOHUKHU
1.¢.-M.H. mpodeccop . A. I1aBnoB

[IporpamMmma omoOpeHa Ha 3acelaHUUd METOJAMYECKON KOMHUCCHHM (PU3MUECKOTO (aKyIbTeTa OT
2022 roxa, mpotokoi 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/
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