degepaibHOE TOCYIAPCTBEHHOE ABTOHOMHOE 00pa3oBaTe/ibHOe
y4peKIeHne BhICIIEro 00pa3oBaHus
«MOCKOBCKHI (PU3HKO-TEXHUYECKHUH HHCTHTYT
(HaLMOHAJILHBIN HCCJIEN0BATEIbCKHI YHHBEPCHTET))

YTBEPKAEHO

JupexTop pu3TEeX-IMIKOJIbI

3JIeKTPOHHUKH, JOTOHMKHU U

MOJICKYJISIPHOH QU3UKH
A.C. barypun

Pabouast nporpamMma JMCIMIIMHBI (MOXYJIsT)

o AMCHUIIJIMHE: MCTOI[BI IeYaTHOMI QJICKTPOHUKHU
0 HANIPaBJICHUIO: HpI/IKJ'IaI[HBIC Mar€MaTuKa nu (1)I/I3I/IKa
HpO(l)HJIb MnoATrOTOBKMU: duzuka MEPCICKTUBHBIX TEXHOJIOTHI: QJICKTPOHHKA U KBAHTOBLIC TCXHOJIOTUHN

OduzTex-mkona IneKTpoHuku, @oToHnku 1 Monekynspaoit Puzuku
kadeapa HAHOMETPOJIOTUM U HAHOMAaTEPHAaJIOB

Kypc: 1
KBAJM(PUKAIMA: MarucTp

Cemectp, (hopMBI IPOMEKYTOUHOH aTrTecTanuu: 2 (BECEHHUN) - DK3aMeH

AynutopHbix yacoB: 30 Bcero, B TOM YHCIIE:
nexuuu: 0 yac.
cemuHapsl: 30 gac.
naboparopHsie 3ansTus: 0 Jac.

CamocrositensHas pabora: 30 gac.
[ToaroroBka x sk3ameny: 30 yac.

Bcero gacos: 90, Bcero 3a4. ef.: 2

[Iporpammy cocraBui: B.B. UBanos, 1-p ¢u3.-Mat. Hayk, podeccop

[Iporpamma obcyxneHa Ha 3acefjanny Kadeapsl HAHOMETPOJIOTHH U HaHoMaTepuaioB 22.01.2024



AHHOTANMA

JucnuruimHa «MeTobl Me4aTHOW JIEKTPOHHKW» MpeaHa3zHadeHa s (GopMupoBaHHsS Yy OOyYaromuxcs
CHEIUAM3UPOBAHHBIX TPEACTABICHUH O TEXHOJOTWYSCKUX IIOX0/AaX, MPUHIMNAX (YHKIIMOHUPOBAHUS
000opyoBaHuUsI, MaTepraliaX MedaTHO! MEKTPOHUKU U cepax npuMeHeHus. Kypc BKirodaer B ceOst MOHATHS
TEXHOJIOTHI U yCTPOMCTB NEeUaTHON INEKTPOHUKHU, TUTIOB U CITIOCOOOB MIPUTOTOBIICHUS YEPHILT JUISl YCTPOMCTB
Te4aTH, OCHOBHBIC THUIBI MOIYIPOBOAHUKOBBIX MAaT€pHaIOB HOBOTO MOKOJIEHUS ISl M3TOTOBJICHUS aKTUBHBIX
AJIEMEHTOB 3JICKTPOHUKH, MaTrephasbl I (POPMHUPOBAHUS TPO3PAYHBIX 3JIEKTPOAOB OMTONIEKTPOHHBIX
YCTPOWMCTB METOJaMM TIe4aTH. 3ajadeldl IUCIMILIMHBI SBIsIeTCs: yriyOreHune 0a30BbIX W (OPMHpPOBaHUE
CIICLUAIM3UPOBAHHBIX 3HAHUW M TPEICTABICHUN O NPUHIUIAX TEXHOJOTUA IMEYaTHOM AIEKTPOHUKHU,
OCHOBHBIX THIIaX YCTPOHCTB TeYaTH W NPHUHIUNAX WX paboThl, 00 OCHOBHBIX THIIAX Marepuaiax,
HCTIOIb3YEMBbIX JUIsl U3TOTOBICHUSI aKTUBHBIX AJIEMEHTOB MEYATHOM 3JIEKTPOHUKH.

1. leau u 3apauu

eap AUCUMNIMHBI

@®opmupoBaHue y O0O0y4aroIMXCs CHEIHMATU3UPOBAHHBIX IPEACTABICHUH O TEXHOIOTHYECKUX
MOJXOAaX, MPUHLUUINAX (YHKIMOHMPOBAaHUS OOOPYIOBaHUS, MaTepUasiaX IEYaTHOH 3JIEKTPOHUKH M
chepax mnpumeHeHus. Kypc Briodaer B ceOs MOHATHS TEXHOJIOTMH M YCTPOHCTB TMEYaTHOM
3NIEKTPOHUKH, THUIIOB M CIOCOOOB MPHUIOTOBJICHUSI YEPHHJI JAJISI YCTPONCTB IE€4aTH, OCHOBHBIE THIIBI
[IOJIyIIPOBOJHUKOBBIX MAaT€pHajoB HOBOIO IIOKOJEHUS Uil W3IOTOBJIEHUS AKTUBHBIX 3JIEMEHTOB
3NIEKTPOHUKH, MaTepuasl 1 (OPMHUPOBAHUS MPO3PAYHBIX 3JIEKTPOJOB ONTOAIEKTPOHHBIX YCTPONCTB
METO/IaMU T1e4aTu.

3agaun AUCOMIIHHBI
Vriny6nenne 6a30BbIX U (OPMUPOBAHNE CHIEIMATN3NPOBAHHBIX 3HAHUN U MTPEACTABICHUN O IPUHIUIIAX
TEXHOJIOTHH MeYaTHON 3JIEKTPOHUKH, OCHOBHBIX TUIIAX YCTPOMCTB MEYaTH U NPUHIUIAX X paOdOThI, 00
OCHOBHBIX THUIIAX Marepuajax, MCIIOJIb3yEMBIX sl M3TOTOBIEHMS AKTUBHBIX JIEMEHTOB II€4aTHOH
IEKTPOHUKHU.

2. Ilepeyens opMupyeMbIX KOMIIETeH M

OcBocHue AUCHUIIJIMHBI HAIIPABJICHO Ha (bOpMI/IpOBaHI/Ie CIeayronux KOMHGTGHL[I/Iﬁi

KOI[ 1 HAMMCHOBAHUEC KOMIICTCHIIMHN I/IHILI/IKaTOpBI JOCTHIKCHHUA KOMIICTCHIIMH

[IK-1.1 CriocobeH HaxomuTh, aHAIM3UPOBaThH U 0000IIAThH
nHpopMaIrio 00 akTyalbHBIX pe3yJbTaTax MCCIeJOBaHUN B
paMKax TeMaTW4YeCKOW OOJACTH CBOEH MpodeCcCHOHATEHON

[IK-1 CnocoGeH craBuTh, (hopMann3oBeIBaTh 1 |ACATCIBHOCTH

pemarh 3a/1a4u, B ToM uncie pa3padareiBath 1 [[IK-1.2  CriocoOeH  BBIIBUTATh  TUIOTE3bI, CTPOHTH
HCCIJIE0BATh MaTEMaTHYECKUE MOJICIH MaTeMaTH4ecKue MOAEIH ISl ONUCAaHUA H3y4aeMBIX
M3y4aeMBbIX SBJICHUH U MPOIECCOB, CACTEMHO  |BJIEHHUH M MTPOIIECCOB, OLIEHNBATH KAY€CTBO pa3paboTaHHOMN
aHaJIM3UPOBaTh HAy4YHbIE TPOOIEMBI, [TOyYaTh |MOJEIIN

HOBBIC HAYTHBIC PE3YJIbTAThI [IK-1.3 CrnocobeH mnpuUMEHATh TeopeTHYecKkue u (Win)
SKCIIEPUMEHTAIbHbBIE METOJIbl UCCIEAOBAHUN K KOHKPETHOMN
HAay4HOM 3ajaue W HHTEPIPETUPOBATH  IOJyYCHHBIE
pE3yNbTaThI

3. IlepeyeHb NIAHMPYEMBIX Pe3y/IbTATOB 00yUeHHUsI O JUCHMILINHE (MOLYJII0)
B pesynbrare 0cBOHHS AUCLUIIMHBI 00y4aIOIINecs JOIKHbBI
3HAThb!




- IPUHIIMIIBL, JISKAIKE B OCHOBE PaOOTHI yCTPOHCTB NEYaTHOM IEKTPOHUKY;
- IOAXOABI K pa3paboTKe YepHUII AJIs IeYaTH PUHTEPAMU;

- TCOPCTUYCCKUEC OCHOBBI METOAOB aTTCCTAlMHU U UCCIICAOBAHUA MTOJTYIIPOBOAHUKOBBIX MATCPUAJIOB IJIsd

IeYaTHOMN QJICKTPOHUKU,

- JOCTOMHCTBA MW HEAOCTATKMU PA3JINYHBIX IOJYIIPOBOAHHMKOBBIX MATCpUaIoB IJisd TeyaTHoMn

DJICKTPOHUKH,

- OCHOBHBEBIC IIOMCKOBBIC CHUCTCMBI, 6a3bl JaHHBIX W BCAYIIHNEC NEPHUOANYCCKHUEC U3AaHHA I10 TeYaTHon

JJIEKTPOHUKE.
YMETB:
- pa3nuyaTh OCHOBHBIE BU/IbI I10JIyIIPOBOJHUKOBBIX MaTe€pUasoB AJIs IIEYaTHON AJIEKTPOHUKY;

- OOBSICHATH NPUHUUIBI PabOTHl PA3IUYHBIX YCTPOMCTB MEUATHOM 3JIEKTPOHUKH, BBIOMPATh THII

YCTpOMCTBa 17151 KOHKPETHBIX 3a/1a4, - XapaKTepU30BaTh U aHAJIM3UPOBATh PE3YJIbTAThl IEUaTH;
- PallMOHAIBHO COYETATh PA3IMYHBIE METO/bI ATTECTALIMH U UCCIIEI0OBAaHUS MaTepUAIIOB IS
[I€YaTHOU AIEKTPOHUKHY;

- OLOCHHBATb I.[eJ'IeCOO6pa3HOCTI: NPUMCHCHUS MNOJYINMPOBOAHUKOBBIX W MCTAJUIMYCCKUX MATCPHUATIOB

nucexonasa U3 (1)I/I3I/IKO-XI/IMI/I‘-ICCKI/IX 1 TCXHUYCCKUX XapaKTCPUCTHUK;

- aHAJM3UPOBATh HAYYHYIO JIUTEPATypy C Lelbio BbIOOpa mHpoOpManmuu O paboTe, MEPCIEeKTUBAX H

XapaKTCPHUCTUKAX PA3ITIUYHBIX TEXHOJIOTHH IeyaTu, OUCHUBATH NICPCIICKTUBBI

Pa3sBUTHUA HOBBIX BUJI0OB YCTPOfICTB cyaru, HO,I[6I/IpaTB HOJYIIPOBOJAHUKOBBIC U APYTHUC HeO6X0):[I/IMBIe

MaTepuabl ISl Ie4aTH aKTUBHBIX AJIEMEHTOB JIEKTPOHUKH.
BJIAJIETD:

- OCHOBHBIMU TCOPUAMU U KOHICIIIHUAMHU, OINMUCBIBAIOIIUMU MPUHIUIIBL pa6OTBI YCTpOﬁCTB IIeYaTHOMN

3JICKTPOHUKU,

- OCHOBHBIMH MCTOJaMH XAPAKTCPU3alWU MOJIYIPOBOAHUKOBBIX W APYTHUX MATCPpUATIOB IJId IICUATH

AKTUBHBIX IEMEHTOB 3JIEKTPOHUKY;
- HaBBIKAMH MOJIETTMPOBAHUS IIPOLECCOB, MPOUCXOASIINX B YCTPOUCTBAX MEYaTHON 3JIEKTPOHUKH;
- HaBBIKAMM K MHTEPIIPETalNU U OOCYKICHUS Pe3yJIbTaTOB IPOBEICHHOTO CCIIEA0BaHN,

OCHOBBIBasACh Ha COBpeMeHHOﬁ JIMTCPATypC MO TCXHOJIOTUAM U YCTPOﬁCTBaM Ie4YaTHOM QJICKTPOHUKHMU.

4. Coaep:xanue TUCUMILIUHBI (MOYJIs), CTPYKTYPHPOBAaHHOE 10 TeMaM (pa3iesiaM) ¢ yKazaHUeM
OTBEJICHHOI'0 HA HUX KOJIMYECTBA AKAAEMHYECKUX YACOB 1 BH/I0B Y4eOHBIX 3aHATHI

4.1. Paznienbl TUCTMITITMHBI (MOYJISI) ¥ TPYJIOEMKOCTH TI0 BUJaM yUEOHBIX 3aHSATHIA

TpyaoeMKoCTh 10 BHIaM y4eOHBIX 3aHSATHH, BKITIOUAs
CaMOCTOSITENIbHYO padoTy, Jac.

No Tema (pa3nen) TUCIUTUTMHBI
Camocr.
Jlekrum | Cemunapsr | JlaGopar. paboTs
pabora
BBenenne B me4aTHYIO 3JIEKTPOHUKY.
| MecTO ¥ TEHAEHUMU Pa3BUTHUS NI€YATHON ’ )
3IIEKTPOHUKHU B oOmnactu
MUKPOJIEKTPOHUKE

CBoiicTBa HAaHOpa3MEPHBIX OOBEKTOB,
2 HpOSBISIEMBIE B COCTaBE€  YEPHUI 4 4
(KUAKUX AUCTIepCHiA)

3 beckoHTakTHBIE METOIbI HIeYaTH: 4 4
CTpyiHas Ieyarb

4 BeckoHTakTHbIE _ MeToznE neyaru: ’ )
a’po30JIbHAsI CTPYIHAS TIeYaTh

5 beckoHTaKTHBIE METOJIBI TIEYATH: MPSIMOM ) )
nasepHslii nepenoc marepuana (ITJ11T)
HanoumnpunTHas uTorpadus.

6 OcobenHocT (OpMUPOBAHUE 3aJIaHHOTO 2 2
PHUCYHKa C MTOMOIIIBIO MITaMIIa

7 Marepuanbsl IEYaTHOW DJIEKTPOHHKH - ) )

yroiepoanbie HaHOTpyOku (YHT)




] Marepuanbl I€YaTHOW JJIEKTPOHUKH - ’ )
rpadeH

9 Heoprannueckue mNOTYNPOBOAHMKH B 4 4
[I€YaTHOU AIEKTPOHUKE

10 [TonynpoBOOHUKOBEIE ~ HAHOKPHUCTAJLIBI, ) )
CBOWCTBA M IPUMEHEHHS

1 OnTvka MeTaNTMYeCKUX HAHOCTPYKTYD: 5 )
HaHOIUIa3MOHMKA
[Ipo3paunsie IPOBOJAHUKU JUIst

12 OIITO3JIEKTPOHHBIX IPUOOPOB, OCHOBHBIC 2 2
TpeboBaHHS

Hroro yacos 30 30

[TonroToBka K 3K3aMeHy 30 gac.

Oobmas TpynoEMKOCTb 90 gac., 2 3a4.ex.

4.2. Cogpep:kaHue OUCHUILTUHBI (MOIYJIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (paszaeiam)

Cemecrtp: 2 (Becennuit)

1. BBeneHue B meyaTtHyO 2JEKTPOHHKY. MECTO M TEHICHUIUH Pa3BUTHS IIEYAaTHOW JJIEKTPOHHUKH B
00J1acTH MUKPOAJIEKTPOHHUKE

Krnaccuduranuss METONOB me4aTHOW SIEKTPOHHMKH. KiltodueBble MpoIecchl TEXHOJOTHHA Ie4aTHON
SNEKTPOHUKU: KOHCTPYUPOBAHUE U MPUTOTOBICHUE YECPHUJI PA3HOTO THUIIA, pealn3alys MPOLECCOB
MeYaTH Ha MOMJIOKKAX, MOCTOOpabOoTKa HameyaraHHBIX CTPYKTyp. OOmacTu MpUMEHEHHWH METOI0B
MeyaTy IJ1sl CO3JaHUs AIEMEHTOB MUKPOAIEKTPOHUKHU

2. CBolicTBa HAHOPAa3MEPHBIX OOBEKTOB, MPOSBISIEMbIE B COCTaBE YEPHMII ((KUAKUX AUCIIEPCU)

Buap! xxunkux gucnepcuil 1 METoAbl UX Xapakrepuszaluu. [{oHATHsST ABOMHOrO 3JIEKTPUUECKOTO CJIOS
n { —TOTeHIMaNa YacTUI] B JXKUAKUX AHCIEpCUsx. MeToIbl JUCTIEPTUPOBaHMS U CTaOWIH3aIun
KUAKUX Juctepcuid. Meronsl u3MepeHWi ( —TOTeHIMada W PACIpeNeNicHHUs HAHOYACTHUI[ TI0
pa3Mepam B COCTaBe JTUCIEPCHIA: aKyCTHYECKasi CHEKTPOCKOMHS, THHAMUYECKOE paccesiHuE CBeTa

3. beckoHTaKTHbBIE METO/IbI IT€YaTH: CTPYHHAs IeuaTh

Buaer ycTpoiicTB cTpyiHOW nevaTH 1o peXruMaM BbIOpOca KUAKOCTH: HENpPEephIBHAS I1€4aTh, IIeYaTh
no tpeOoBaHuio. [IpHHIMIBI medaTH MO TPEOOBAHMIO C TEPMUUYECKUM U IbE303JIEKTPUIECKUM
akTuBaTopoM nedatu. [lapameTpsl, ompenenstoniye KadyecTBO CTPYWHOM MeyaTH: MOBEPXHOCTHOE
HaTSDKEHHE, MHEPIMS U BA3KOCTh uepHuI. IIpuemsl npenorspamenus 3¢dexra «xodeiHoro miarHay.
OCHOBHBIE TEXHUYECKUE XapaKTEPUCTUKU CTPYHHBIX IPUHTEPOB. BapuaHThel npuMeHeHUI CTpyHHOM
neyaTu

4. beckOHTaKTHbIE METO/IbI [1€YaTH: a3PO30JIbHAsL CTPYHHas IleuaThb

[IpenmyiecTBa MeTona a3po30JIbHOM CTPYHHOW MedyaTH: MPOU3BOAUTH II€YaTh HA MOBEPXHOCTU CO
CIIOXKHBIM penibeoM, Majas IIUPUHA adPO30JIBHOTO MOTOKA YepHMI - 10 10 MHKpOH, MIHMPOKHUI
JManazoH BS3KOCTH udepHuiI. CrocoOwl (opMUpOBaHMS a’pO30JHHOIO MOTOKA MHUKPOHHBIX Kalelb
yepHul. [IpuHUUMIBL  ymopaBiaeHUs AUMAMETPOM I€YaTaroOEd a’po30JbHOM CTPYH YEpHUIL.
BsaumopneiicTBre a’po30JbHON CTPYH C TMOMIOKKOW. OCHOBHBIE TEXHHUYECKHE XapaKTEPUCTUKU
a3pO30JIbHBIX CTPYHHBIX IPUHTEPOB, BApUAHThI IPUMEHEHUI

5. beckoHTaKTHBIE METO/IbI TT€YaTH: MPSIMOI JazepHbIN iepenoc Marepuaia (I1JII1)




WMunnmmnpoBaHue nporecca nepeHoca Marepuana c(OKyCHPOBaHHBIM JIa3epHBIM JIyuyoM. Bapuant
o0paTHOro Ja3epHOro mnepeHoca Marepuana. JlazepHblii mepeHoc HaHopenbeda. DopMupoBaHHe
ANEeKTpOHHBIX ycTpoiicTB MerogoM [IJIII. OpHosTamHas mneyarb TOJHOTO TPAH3UCTOPHOTO
ycrpoiictBa. [leuats metonom IUIIT opraHnueckux cBeTOM3IyHaromux AuoAoB. IIpsMoe nazepHoe
nucbMo (DLW). [Ipumenenne DLW aiist dopMupoBaHus 31eMEHTOB (DOTOHHBIX YCTPOHCTB

6. HanoummnpuntHas nutorpadus. OcoOeHHOCTH (HOPMHUPOBAHUE 33/JaHHOTO PUCYHKA C TIOMOUIBIO
Irama

JIBa OCHOBHBIE THIIA IIPOIIECCa HAHOMMITPUHTHOM JInTOrpadnu, CpaBHUTENIbHAS XapaKTePUCTHKA: HA
OCHOBE HCHOJNB30BaHUS YD-U3MydyeHHs, TEPMUUYECKOE WM Tropsiuee THUCHEHue. TpeOoBaHus K
mramnaMm. [lponecc o0OpaTHOW HAHOMMIPHUHTHOW JwuTorpaduu. PyrnoHHas HaHOMMIPUHTHAS
murorpadus. TommmHa W OJHOPOIHOCTH OCTaTOYHOIO CJIOS, TOYHOCTh OTIEYarKka, KOHTPOJIb
nedexroB. KoHTponupyemoe HaHECEHHE pe3UcTa C HCIOIb30BaHMEM CTpyiHOH meudarn. Kpaesble
a¢dexTsl npu padore nurorpada. CpaBHEeHHNE HAHOMMIPUHTHON JUTOrpaduu ¢ IPyrMMU BHAAMHU
murorpaduii. CriekTp MpUMeHEHHH HAHOUMIIPUHTHON JTUTOrpaduu.

7. Marepuabpl me4aTHON SIEKTPOHHUKH - yriiepoanble HaHoTpyOku (YHT)

OcnoBHbIe cBoiicTBa U cTpyKTyphl YHT. KittoueBbie metons! uccienoBanust YHT: npocBeunBaromas
anektpoHHass Mukpockorus ([IOM), ckanupyroomas dnekrpoHHas Mukpockornus (COM),
aroMHO-cuioBasi ~ Mukpockonust  (ACM),  cHekTpockonmusi ~ KOMOMHALIMOHHOTO  PacCesHUs
(pamaHOBCKas), pEHTIeHOBCKas (hoToaeKTpoHHAS CIIEKTPOCKOIIHUS (P®2C),
tepmorpasumerpuueckuit ananu3 (TI'A). XupamsHocts YHT, ocobGennoctu crpykrypst YHT
METaJUIMYECKOTO0 W IOIYIPOBOAHHUKOBOrO Thma. Mertoasl cuHTe3a u ounctkn YHT, Beienenue
MOJTYIIPOBOAHUKOBOM (hpakiyu. [1oneBoii TpaH3UCTOp HA OCHOBE NOTYNPOBOAHUKOBBIX YHT.

8. Marepuainbl ne4aTHOM JICKTPOHUKH - TpadeH

I'paden B psany amnorponHbIXx GopM yriepona. DIEKTPOHHAS CTPYKTypa W (U3WYEcKHe CBOWMCTBA
rpadgena. Metonsl mccinenoBanus rpadeHa. Meroapl momyueHHs rpadeHa: MUKPOMEXaHHUYECKOe
pacieruieHue, AnuTakcuanbHblii  Meton, CVD  cuaTe3 Ha Ni, pacmeruienne YHT.
DnexkTpoH3UYEeCKHe CBOWCTBA, YIpaBICHWE KOHICHTpamued Hocuteneil 3apsga. [loneBbie
TPAH3UCTOPBl M CEHCOpPHl Ha OCHOBE TpadeHa, cHocoObl CO3IAHUS 3alpELICHHONW 30HBI
VYHuBepcanbHOCTh QoTonomionienus rpadena. OOnacTi npuMeHeHui rpadeHa

9. HeOpFaHI/I‘leCKI/Ie NOJIyIPpOBOJHUKHA B IeYaTHOM QJICKTPOHUKC

Tunsl HEOPraHMYECKUX MOIYNPOBOJHUKOB: MOHOKPHCTATIMYECKHE HAHOJICHTHI U HAHOIPOBOJIOKH
Si, GaAs, GaN, InAs u mp., MeTamr-okCuaHble mONynpoBogHukn InGaZnO, XanbKOTCHHIBI
MerauioB: MoS2, MoSe2 wu ap. MeToabl H3rOTOBJIEHUS HAHOJEHT W HAHOIPOBOJIOK U3
MOHOKPHCTaJUIa ¥ BBIPALIMBAHUS HAHOIPOBOJIOK W HAHOIUIACTHH. MeTOAbI MeYaTd HaHOOOBEKTOB C
BBICOKOW TPOM3BOAMTENBHOCTHIO. [ledaTh TpaH3UCTOpOB Ha THOKOH momioxke. [loneBbie
Tpan3uctopsl n- InGaZnO.

10. ITonynpoBOTHUKOBEIE HAHOKPUCTAILIbI, CBOMCTBA U PUMEHECHUS

Tunbl KBaHTOBOPAa3MEPHBIX CTPYKTYp: KBAaHTOBBIE SIMbl, KBAaHTOBbIE€ HMTH, KBAHTOBBIE TOYKHU.
KomnongHele KBaHTOBBIE TOYKH, 3aBHCHMOCTb JSHEPIreTHYECKOTO CHEKTpa KBAaHTOBOW TOYKH OT €€
pazmepa. dopMa KBaHTOBBIX TOYEK, MHOTOKOMIIOHEHTHBIE KBaHTOBble TOUKU. CrEKTpajbHbIE
KBaHTOBO-pa3MEpHbIE CBOMCTBA HAHOKPUCTAJJIOB: CIEKTPHI MOIVIONIEHUS M JIOMHHECLEHIUH.
@nyopeclieHTHbIM  ONMHKUHT  KBAaHTOBBIX Touek. CHHTE3 KBAaHTOBBIX TOueK B  Qopme
MOHOJHMCTIEPCTHBIX KOJUIOWIHBIX HAHOKPUCTAIUIOB. DepCTEPOBCKUIl pE30HAHCHBIN MEPEHOC YHEPTHH.
[TpumeHeHNe KOIJIOUIHBIX HAHOCTPYKTYP B (DOTOHHUKE, CBETOANOIBI, (POTOIEMEHTHI, J1a3ephl.

11. OnTrka MeTaUIMYeCKUX HAHOCTPYKTYP: HAaHOITIIIa3MOHHKA



30HBI JIOKaJIbHON KOHLEHTpauuu DM Mo Ha IUIa3MOHHON METaJUIMYECKOH CTPYKType - «ropsyue
Toukn». Paccesnue (OTOHOB M CIIOHTaHHOE HUcIyckaHue (oroHoB. IlpuMeHeHHS IIA3MOHHBIX
HAHOCTPYKTYp B (poTOHMKE: (HIBTPHL, CBETOAMONBI, (POTONETEKTOPHI, CEHCOPBI, (OTOBOJBTAMKA,
CIIEKTPOCKONMSA KOMOMHAIIMOHHOTO pacCesiHUsA. YCWIEHHE M3IydeHus Oeloro CBETOAMOAA
HaHO4acTUIaMu MeTaiuia. OTKPBITHE THTaHTCKOrO KOMOMHAIMOHHOTO paccesHus. [lnasmoHHBIE
CTPYKTYpPbI U3 HAHOYACTHIL] ATFOMUHUSA U1l YO nuana3oHa.

12. ITpo3pauHble MPOBOAHUKY Ul ONTOAIEKTPOHHBIX TPHOOPOB, OCHOBHBIE TPEOOBAHUS

Bunbl marepmanoB [UIs  MPO3pAavyHBIX POBOJHHUKOB: IIHPOKO30HHBIE ITOJNYNPOBOAHUKU  C
MPOBOJUMOCTBIO N- MM P-TUIA, MPO3payHbIe YABTPATOHKHE METaUIMYecKhe ciiou, 2D-Marepuaisl
(rpader w ananorw), ATUHHOMEpHBbIE MeTauMueckue HaHonpoBookd W YHT. OcHoBHble
XapaKTEepUCTHKH MPO3PAaYHbIX MPOBOJHUKOB: MPO3PAYHOCTh M CIIOEBOE CONPOTUBICHUEM — IJIs
pa3HbIX MaTepraaoB. PopMHUpPOBaHUE TPO3PAUYHBIX HEKTPOAOB METONAMHU HIEYaTH.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HeOOXOIMMON AJI5l OCYLIeCTBJIECHHNS 00pa30BATEILHOIO
npouecca 1no JUCHUILInHe (MOIYJII0)

yueOHast ayTUTOpHsl, OCHAIICHHAS MYJbTUMEANA IPOEKTOPOM U SKPAHOM.
6.IlepeyeHb pekoMeHAyeMOM JIUTEPATYPHI

OcHoBHas JuTeparypa

1. Applications of Organic and Printed Electronics. A Technology-Enabled Revolution. Editor -
Eugenio Cantatore. Springer Boston Heidelberg New York Dordrecht London. -2013, DOI
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2. Introduction to Nanophotonics. S.V. Gaponenko. Cambridge University Press, 2010, 485 p.
3. Heopraunueckue nanomarepuainsl. J.I. PakoB. bunom-2013, 477 c.
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7. llepedyenn pecypcoB HH(POPMANMOHHO-TEJIEKOMMYHMKAIMOHHOI ceTH ""UHTepHeT" , HEOOXOTUMBIX
JJIS OCBOCHUSI JUCUHMILIUHBI (MOLYJIs1)

1. http://www.elsevier.com
2. http://www.elibrary.ru
3. http://www.books.google.ru

8. IlepeyeHb MH(POPMANMOHHBIX TEXHOJIOTHIi, HCIIOIb3yEeMbIX NPH OCYLIECTBJICHNH 00pa30BaTeILHOIO
npouecca 1o AMCuMILINHe (MOAYJII0), BKJIIOYasi lepeYeHb He00X0AUMOr0 NPOrpaMMHOI0 odecredeHust
H HHPOPMALMOHHBIX CIIPABOYHBIX CHCTEM (IIPH HEOOXOAMMOCTH)



Ha 3aHATHUAX UCIIOJIB3YIOTCSA MYJII:TI/IMCI[I/II\/'IHBIG TCXHOJIOI'MH, BKJIIO4ad JEMOHCTPALUIO HpeBCHTaHHﬁ.
9. MeToauveckue YKazaHnus NJist oﬁyqalomnxm 0o 0OCBOCHMIO JTUCIHUIIINHBI (MO)_Iy.Tlﬂ)

CTyaeHT, NMpoCIyIMaBIINK Kypc 3aHATHH, TODKEH OBJaAeTh OOIIMM MOHATHHHBIM amlmapatoM Hu
HAy4UTHCS IPUMEHATH TEOPETUUECKHIE 3HAHUS Ha MPAKTUKE.

VYenenrHoe ocBoeHue Kypca Tpedyer:

1) moceuienns Bcex 3aHATHH, NPEAYCMOTPEHHBIX YYeOHBIM IIAHOM; Bell€HHE KOHCIIEKTOB 3aHSTHIA;
aKTHBHOE y4acTHE B O0CYKIAECHUH TEM;

2) BayKHO AOOUTHCS MOHMMAHUSI U3y4aeMOro Marepuana, a He MeXaHHYeCKoro ero 3anomuHanus. [lpu
3aTPYIHEHUU HW3Y4YEeHUS OTAEIBbHBIX TEM, BOIPOCOB, ClexyeT oOpamarbcs 3a KOHCYNbTalMeH K
MPETIOaBaTeII0



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

110 HANIPABJICHUIO: [Ipuxnagaeie MaTeMaTHKa U GU3NKA

Nnpo¢uJIb NOATOTOBKH: ®u3nKa NEePCIEKTUBHBIX TEXHOJIOTHUI: JJIEKTPOHUKA Y KBAHTOBBIE TEXHOJIOTUU
OduzTex-mkona IneKTpoHuku, @oToHnku 1 Monekynspaoit Puzuku
kadeapa HAHOMETPOJIOTUM ¥ HAHOMAaTEpPHAaJIOB

Kypc: 1

KBAJM(PUKAIMA: MarucTp

Cemectp, (hopMBI IPOMEKYTOUHOH aTrTecTanuu: 2 (BECEHHUN) - DK3aMeH

Pa3paborunk: B.B. UBanos, 1-p ¢u3.-Mat. Hayk, npodeccop



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

[MK-1 CriocobeH cTtaBuTh, GopMann30BbIBaTh 1 |ACATCILHOCTH

pemars 3a1a4u, B ToM uncie pazpadareBath 1 |[IK-1.2  CnocoGeH  BBLABHTAaTH  THUIOTE3BI, CTPOHTH
UCCIIEI0BAaTh MaTeMaTHYECKUE MOJICIIN MareMaTHueCKHe MOAENM JUIsi  OIMCAHUS  W3Y4aeMbIX
M3y4aeMBbIX SBJICHUH U MPOIECCOB, CACTEMHO  |sBJICHUI M MPOIIECCOB, OIICHNUBATH KAY€CTBO pa3pabOTaHHON
aHAJIN3UPOBATh HAyYHBIE MPOOJIEMBI, TIOJIy4aTh |MOJCIH

HOBBIC

[MK-1.1 CrnocobeH HaxoauTh, aHAIM3WPOBATH U 0000IIATH
nH(pOpMaNKIO 00 aKTyalbHBIX Pe3yJIbTaTax HCCIICIOBaHUN B
pamMKax TemaTH4eckoi o0macTu cBoed mpodeccHoHaTbLHON

HayqHBIC PC3YJIbTATbI I1K-1.3 CrnocobeH mnpuMeHSTh TEOpeTHUeCKue H (WIIH)
9KCIIEPUMEHTAJIbHBIE METOJIbl MCCIEJOBaHUN K KOHKPETHON
HAayyHOM 3ajaye M  HHTEPIPETUPOBATH  IOJYUCHHBIC
PE3ybTaThl

2. Iloka3arein OLleHUBAHUS KOMIIeTeHITHH

B PE3IYIBTATC U3YUCHUA TUCHUILIJIMHBI «MCTO,E[BI IeYaTHOMN DJICKTPOHUKW O6y‘IaIOH_H/II\/’IC$I JOJIDKCH:

3HAThb:

- IPUHLIUIIBL, JIEXKAIUEe B OCHOBE Pa0OThI yCTPONUCTB MEYATHON 3JIEKTPOHHKH;

- IOAXO/BI K pa3pabOTKe YePHWII AT [TeYaTu IPUHTEPaMH;

- TEOPETHUYECKHE OCHOBBI METO/IOB aTTECTALIMY M HCCIIEAO0BAHUS MOTYyIPOBOJHUKOBBIX MATEPUAIIOB IS
[I€YaTHOU AIEKTPOHUKY;

- JIOCTOMHCTBAa W HEAOCTAaTKH pPAa3jIM4YHbIX IOJYIPOBOJHUKOBBIX MaTrepHaoB [UId I€4aTHOM
JIEKTPOHUKY;

- OCHOBHBIEC TIOMCKOBBIE CHCTEMBI, 0a3bl JaHHBIX M BEAYLIHWE MEPHOAWYECKUE M3JaHHA IO MeYaTHOU
JIEKTPOHUKE.

yMeThb:

- pa3nuyarh OCHOBHBIC BU/IBI MOYIPOBOIHUKOBBIX MaTe€prajoB AJisl IEYaTHOW AIIEKTPOHUKHY;

- OOBSACHATH NPHUHLUUIBI PabOTHl PA3IUYHBIX YCTPOWCTB MNEYaTHOM 3IIEKTPOHUKH, BHIOMpATh THII
YCTpOMCTBA 7151 KOHKPETHBIX 3a/1a4, - XapaKTePU30BaTh U aHAJIM3UPOBATh PE3YJIbTAThI IEUaTH;

- pallMOHAJIBHO COYETaTh pa3IMyHble METO/IbI aTTECTALMH U UCCIICIOBAHUS MaTepUaIOB Jis

MIEYaTHOW EKTPOHUKH;

- OLEHMBATh I1€JE€CO00pPa3HOCTh MPUMEHEHHs IOJYNPOBOAHUKOBBIX U METAJUIMYECKUX MaTepHalioB
UCcXoAs U3 (PU3UKO-XUMHUUYECKUX U TEXHUYECKUX XapaKTEPUCTHK;

- aHAJIN3UPOBATh HAYYHYIO JIUTEPATypy C LEJIbI0 BbIOOpa MHpOpManmuum o pabdoTe, MEpCHEeKTUBAX U
XapaKTePUCTHUKAX PA3IMYHBIX TEXHOJOTHI Me4aTH, OLIEHUBATh NEPCIEKTHBBI

pa3BUTHS HOBBIX BUAOB YCTPOWCTB I€UaT, MOAOUPATh HMOIYNPOBOJHUKOBEIE U Ipyriue HEOOXOAMMBIE
MaTepHabl Jis IeYaTl aKTUBHBIX HJIEMEHTOB JIEKTPOHUKH.

BJIaJeTh:

- OCHOBHBIMH TEOPHSIMHU M KOHLEHIMSAMH, OMUCHIBAIOIIMMH IPUHIMIEI pabOThl yCTPOMCTB MeyaTHOM
IEKTPOHUKH;

- OCHOBHBIMHM METOJAaMH XapaKTepHU3allUU IOJYIPOBOJHUKOBBIX U APYIMX MaTrepUajoB Ul IedaTu
AKTUBHBIX JIEMEHTOB 3JIEKTPOHUKH;

- HaBbIKAaMM MOJIEJIMPOBaHUSI [IPOLIECCOB, IIPOUCXOAIINX B YCTPOMCTBAX [1€UATHOM IEKTPOHUKY;

- HaBbIKAMH K MHTEPIPETALH U 00CYKICHHSI PE3yJIbTaTOB IIPOBEACHHOTO UCCIEIOBAHMUSA,
OCHOBBIBAsACh Ha COBPEMEHHOM JINTEpAType 10 TEXHOIOIUAM U YCTPOMCTBaM IeYaTHON AJIEKTPOHUKH.

3. IlepeyeHb THNOBLIX (IPHMMeEPHBIX) BONPOCOB, 32/1aHUI, TeM /ISl HOATOTOBKH K TeKyIleMy KOHTPOJII0

C 1menplo0 KOHTPOJIS OCBOEHHS OOy4aroIMMHUCS Yy4eOHOro Marepuaina MpOBOAUTCS YCTHBIH ONpoC B
Hayaje 3aHATUSA 110 TeME IPEABITYIIEro 3aHATHS

4. IlepeyeHb THNOBBIX (IPMMEPHBIX) BOIIPOCOB M TeM JJISI IPOBEAEeHHUA IIPOMEKYTOYHOM aTTecTaluu
o0yuyarommxcst



Bomnpocs! k 3k3aMeHy:

1. CpoiicTBa HaHOPa3MEPHBIX 0OBEKTOB, MPOSBISIEMBIC B COCTaBE YEPHHIT ((KUIKUX JUCIIEPCHH).
2. beckoHTaKTHBIE METOMBI MIEYaTH: CTPYHHAS M€YaTh.

3. beckoHTaKTHbIE METO/IbI IIEUaTH: a3P030JIbHAs CTPYHHas IIeuars.

4. beckOHTaKTHBIE METO/IBI IIEYaTH: MPSMOM Ja3epHbIN nepenoc marepuaia (I1JIIT).

5. HanoumnpunrtHas surtorpadusi. OcobeHHOCTH (QOpPMUPOBAHHE 33JaHHOTO PHCYHKA C TOMOIIBIO
LITaMmIa.

6. Marepuasbl me4aTHON 3JEKTPOHUKH - yriepoaHnbie HaHoTpyOku (YHT).

7. MarepuaJibl me4aTHON JIEKTPOHHUKH - TpadeH.

8. Heoprannueckue noIynpoOBOAHUKA B IEYATHOM AIIEKTPOHUKE.

9. IlonynpoBOAHUKOBBIE HAHOKPHUCTAILIBI, CBOWCTBA U PUMEHEHHSI.

10. OrnrTuka MeTaIn4ecKUX HAaHOCTPYKTYP: HAaHOIUIa3MOHHKA.

11. Ilpo3pauHble MPOBOJHHUKH IS ONTOIEKTPOHHBIX IPUOOPOB, OCHOBHBIE TPEOOBAHHUS.

HpI/IMepBI OK3aMCHAIIMOHHBIX OUIICTOB.

IIpumep 1.
1. Marepuaibsl me4aTHON NEKTPOHUKH - TpadeH.
2. BeCKOHTaKTHBIE METOMBI IEYaTH: CTPYHHAs M1eYaTh.

[Ipumep 2.

1. Hanoumnpunrhas nutorpadus. OcobeHHOCTH (QOpPMUPOBAaHHE 33JaHHOTO PHCYHKa C IOMOLIBIO
HITamIa.

2. Ilpo3paynble IPOBOIHUKH JJIsi ONTOIEKTPOHHBIX MPHOOPOB, OCHOBHBIE TPEOOBAHMS.

Kpurepun onennBanus

Onenka ormuuao 10 OamnoB - BBICTABJISIETCSl  CTYACHTY, IIOKa3aBIIEMy BCECTOPOHHHUE,
CHUCTEMaTU3UpPOBaHHbIC, [IyOOKHE 3HAaHUS Y4YEOHOW NPOrpaMMbl TUCLMIUIMHBI, MPOSBIAIOMIEMY
MHTEpeC K JaHHOW MPEeAMETHOH 001acTH, MPOJEeMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO M TBOPYECKU
MPUMEHSATh UX Ha MPAKTHKE NP PElICHUH KOHKPETHBIX 3aa4, CBOOOTHOE U IPaBUIbHOE 0OOCHOBaHHE
HPUHATHIX PELICHAMN.

Ouenka ommMyHO 9 OamuoB -  BBICTABISETCA  CTYHACHTY, II0OKa3aBIIEMy BCECTOPOHHHE,
CHUCTEMaTH3UPOBaHHbIC, IIyOOKHE 3HaHMA Y4eOHOW HpOrpaMMbl JUCLUUIUIMHBI U YMEHUE YBEPEHHO
INPUMEHATh X Ha NPAaKTHKE NPU PeIleHNH KOHKPETHBIX 3a71a4, CBOOOIHOE U MPaBUIbHOE 000CHOBAHUE
MPUHATHIX PELICHUH.

Onenka ommyHO 8§ OamioB - BBICTABJIAE€TCA CTYIEHTY, IIOKa3aBLIEMY BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHbIE, ITyOOKHE 3HAHUS y4eOHON MPOrpaMMbl JUCLUIUIMHBI U yMEHHE YBEPEHHO
MPUMEHATh UX HAa MPAKTUKE MPU PELICHUH KOHKPETHBIX 3ajlad, NPaBUIbBHOE 00OCHOBAHHE MPUHATBHIX
peleHui, ¢ HEKOTOPbIMU HEIOUETAMHU.

Onenka xopomio 7 0aioB - BBICTABIISIETCS CTYACHTY, €CJIM OH TBEPJO 3HAET MarepHuall, TPaMOTHO U 1O
CYLIECTBY M3JIaraeT €ro, yMeeT IPUMEHTh I0JlyuY€HHbIE 3HAHMS Ha IPAKTUKE, HO HEIOCTaTOYHO
rpaMOTHO 00OCHOBBIBAET MOITYUYCHHBIEC PE3YIIBTATHI.

Ouenka xopoio 6 6ajIoB - BBICTaBISAETCS CTYIACHTY, €CIIM OH TBEPJO 3HAET MaTepHaj, IPaMOTHO H I10
CYILLIECTBY M3JIAaraeT €ro, yMeeT MPUMEHATh MOJIYYEHHbIC 3HAHUS HA MPAKTHKE, HO JOIYCKAET B OTBETE
WM B PELIEHUH 3aJjad HEKOTOPblE HETOYHOCTH.

Onenka Xopomio 5 6ayuIoB - BBICTABISIETCS CTYACHTY, €CJIM OH B OCHOBHOM 3HAeT MaTepuall, FPaMOTHO
U IO CYILECTBY MU3JIaraeT €ro, yMeeT IIPUMEHATh IOJIY4YEHHbIE 3HaHMS Ha IIPAKTHKE, HO JIOIYCKAaeT B
OTBETE WJIH B PELICHUH 3a]a4 JOCTATOYHO OOJBIIOE KOJIMYECTBO HETOYHOCTEH.

Onenka ynoBieTBOpUTENbHO 4 Oamja - BBICTABIACTCS CTYHCHTY, IOKa3aBlIeMy (parMEeHTapHBII,
pa3pO3HEHHBII XapakTep 3HAHUM, HEJIOCTATOYHO IpaBHJIbHBIE (OPMYIUPOBKH 0a30BBIX MOHITHH,
HapylLIeHHs JJOTHYECKOW MOCIIEN0BATEILHOCTH B U3JIOKEHUH MPOrPaMMHOTO MaTrepuaia, HO IPU 3TOM
OH OCBOWJI OCHOBHBIE Pa3JieNibl yueOHOW NMpOrpaMMBbl, HEOOXOAMMBIE Ul JaJbHEHIIero oOy4eHus, U
MOJKET MIPUMEHSTH MOJTyuYeHHbIE 3HAHUA 110 00pa3iy B CTAHJAPTHON CUTYyalLlnH.



OueHka yIOBICTBOPHTENBHO 3 Oajula - BBICTAaBISIETCS CTYICHTY, MOKa3aBLIEeMY (parMeHTapHBIH,
pa3pO3HEHHBIN XapakTep 3HaHHi, JOIyCKAIOUIEMy OIMUOKM B (OPMYIHPOBKaX Oa30BBIX MOHSATHH,
HApYILCHUS] JIOTMYECKOH MOCJIEOBAaTEIbHOCTH B M3JIOKCHUM HPOrPAMMHOIO Marepuaina, ciiabo
BJIaJICET OCHOBHBIMU pa3JieliaMy y4eOHOW MpOrpaMMbl, HEOOXOMUMBIMHE JUIS JaJIbHEHUIIEro 00yUeHHs U
C TPYZIOM IIPUMEHSET ITOJyYCHHbIC 3HaHHS IAKE B CTAHIAPTHON CUTYaIHH.

OueHKa HEYIOBIETBOPUTEIBHO 2 Oajuia - BHICTABISETCSl CTYACHTY, KOTOPBIA HE 3HAET OOJbIICH YacTH
OCHOBHOTO COJepKaHUsl y4eOHOHW MpOrpaMMbl JUCIMIUIMHBI, JONyCKaeT rpyOble OIMMOKH B
(OpMyIHPOBKaX OCHOBHBIX MPUHIIUIIOB M HE YMEET UCIIONB30BaTh MOTYyYCHHBIC 3HAHHS NTPU PEIICHUN
THUIIOBBIX 33/1a4.

OreHKka HEYNOBIETBOPUTEIBHO | 0amn - BBICTABISIETCS CTYACHTY, KOTOPBI HE 3HAET OCHOBHOTO
cojiep )KaHusl y4eOHOH MpOorpaMMbl IUCIUILTUHBI, JOMycKaeT rpyOeiiinne omuOKd B (GOPMYITUPOBKAX
0a30BBIX TOHATHH TUCHUILUIMHBI U BOOOIIE HE WMEET HABBIKOB DPEIICHUS THIIOBBIX IPAKTHYCCKHX
3aj1au.

5. MeTtonu4eckne MaTepuabl, onpeneasone Npouexypbl OeHUBAHUA 3HAHUI, YMeHH I, HABBIKOB H
(W) onbITA AESATEJILHOCTH

[Ipu npoBeneHun ycTHOro sk3ameHa oOydaromemycs npepoctasisiercs 30 MUHYT Ha HOATOTOBKY.
Omnpoc obyuaromerocs no OuiIeTy He JOJKEH MPEBbIIIATh OHOTO Yaca.



