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1. Ileiu ocBOEHMA AMCUMIIINHBI

enstmu  ocBoeHus aAuCUUIUIMHBL «TexHonoruss W oOOpyaoBaHHE Jis
IPOU3BOJCTBA MAaTEPUAJIOB U PUOOPOB IJIEKTPOHHOU TEXHUKI SBIISIOTCS:

1. ITony4yenue ¢pyH1aMEHTAIbHBIX 3HAHUM B 00JIACTH TEXHOJIOTUI POU3BOJICTBA
MaTepuajoB U MPUOOPOB IEKTPOHHON TEXHHUKH.

2. ®opmupoBaHHME NPUKIAIHBIX 3HAHWW, YMEHUU W BIAJACHUN B 00JacTh
MaTepUajoB U MPUOOPOB IEKTPOHHON TEXHUKU

2. MecTo AUCHMILVIMHBI B CTPYKTYPe NPOrpaMMbl aCIMPAHTYPbI

Huctuminza «TexHonorus 1 000py10BaHuE JJIs1 IPOU3BOJICTBA MAaTEPUAIIOB U
OpuOOPOB  BJIEKTPOHHOW  TEXHUKW»  SIBISETCA  00S13aTE€IbHOM  JTUCLHUILIIMHOM
00pa30BaTeIbLHOTO KOMIIOHEHTa OJioka «/lucuurmuuel (MOIynn)» y4eOHOro IuiaHa
HayyHOU cnenuanbHocTH 2.2.3 «TexHomoruss u o0opyAoOBaHUE AJsi MPOU3BOJCTBA
MaTepUasoB U MPUOOPOB JIEKTPOHHON TEXHUKNY.

3. TpeGoBanusi K pe3yjbTaTaM OCBOEHHUsI TUCHUILIUHBI «TexHosorus u
o0opynoBaHMe [Jii NPOU3BOJACTBA MATEPHAJIOB M NPHUOOPOB 3JIEKTPOHHOI
TEXHUKN

B xome ocBoeHus aucturiuHbl «TexHONOTHSI W OOOpyAOBaHWE IS
MIPOU3BOJICTBA MATEPHUAIOB U MPHOOPOB AJICKTPOHHOW TEXHUKW» UACT JIajbHEHIee
dhopMuUpOBaHUE PJIEMEHTOB (3HAHUM, YMEHUI, HABBIKOB U (WJIM) OTIBITA €SI TEILHOCTH)
aCTIIMpaHTa:

CITOCOOHOCTH K CAMOCTOSATEIILHOMY 00YUYEHHIO HOBBIM METO/IaM HCCIICOBAHUS,

CIIOCOOHOCTH K TOHMMAaHHUIO0 OCHOBHBIX MPOOJIEM B CBOCH MPEAMETHON 00J1aCTH,
BBIOOPY METOJIOB M CPEJICTB UX PEIICHUS;

CIIOCOOHOCTh CaMOCTOSITENIbHO MPUOOPETaTh U UCIOIB30BATh B MPAKTUYECKOMN
JIeSTEIbHOCTH HOBBIE 3HAHMSI M YMEHHs, B TOM YHUCJIE B HOBBIX 00JIACTAX 3HAHWIA,
HETMOCPE/ICTBEHHO HE CBA3AHHBIX CO CPEepoi CBOMX UCCIEIOBaAHU;

CIIOCOOHOCTh aHAM3UPOBATh COCTOSIHUE HAYYHO-TEXHUYECKOW TMPOOJIeMBI,
CUCTEMATU3UPOBaTh U 0000IIaTh HAYYHO-TEXHUYECKYI0 HWH(OOpPMAIMIO IO TeMe
HCCJICIOBAHMUI;

CIIOCOOHOCTH OIICHMBATh HAYYHYIO 3HAYUMOCTH M TIEPCIICKTUBHI MTPUKJIIATHOTO
WCITOJIB30BaHUS PE3YJIBTATOB HCCIICIOBAHUH.

B pe3ynbpTaTe 0CBOCHUS TUCIUTIINHBI ACTIMPAHT JOJIKCH:

3HaTk:

OCHOBHBIC TTPUHITUIIBI, TEXHOJIOTUH U MaTepHaIbl COBPEMEHHOM AJICKTPOHUKHU

YMers:

aHAIM3UPOBATh  JJICKTPOHHYIO  KOMIIOHEHTHYIO 0a3zy, TEXHOJOTHH U
00opyI0BaHUE /IJIs1 TPOU3BOCTBA MATEPUATIOB U IPUOOPOB PIEKTPOHHON TEXHUKHU

Bnanets:

COBPEMEHHBIMH TEXHOJIOTHSIMU M METOJIaMU B 00JIACTH SJICKTPOHHON TEXHUKHU



4. Conepxxanne TUCHHUILTHHBI

OOmast TpyIOEeMKOCTh AHCHMIUIMHBI «TexHosoruss u oO0OpyJdOoBaHUE IS
IPOM3BOJCTBA MAaTEPUAIOB M TMPUOOPOB DJICKTPOHHOM TEXHHMKH» COCTABIAET 3
3aueTHBIX enquHuUIe! (108 akam. gacos).

4.1. Pacnpenesnienne od0beMa JTUCHHUILVIMHBI IO paszenaM (TeMaM), CeMecTpam,
BUJaM y4ueOHO# paboThl U (hopMaM KOHTPOJISL.

< O06bem (B akaj. vac.) DOopMBI TEKYIIETO KOHTPOJISA
< § Konrtaktnas pabora yCIIEBaEMOCTH
= % 2 (o BuaM y4eOHBIX = (no nedensim cemecmpa)
é 2 Q g 3aHSITHIA) C é
<! 3 % A o CP | P | Z @opMBI IPOMEKYTOUHOMN
5 8 | JIK | IIP | mmox e aTTecTaluu
T /A PYK. (no cemecmpam)
YcrHOE cobece10BaHUE;
1 4 1-2 10 4 2 2 4 | 2 | BBINOJTHEHUE MPAKTUUCCKUX
3a1aHUI
YcTHOE cobecenoBaHue;
2 4 3-5 14 6 2 4 4 | 4 | BBIIOJIHEHUE PAKTUYECKUX
3aJlaHUN
YcrHOE cobece1oBaHuE;
3 4 6-7 10 4 2 2 4 | 2 | BBINOJTHEHUE MPAKTUICCKUX
3a1aHUI
YcrHOE cobece1oBaHuE;
4 4 8-9 10 4 2 2 4 | 2 | BBIOJHEHHE MPAKTUYECKUX
3aIaHUI
YcTHOe cobeceioBaHue;
) 4 10-11 | 10 4 2 2 4 | 2 | BBIOJHEHHE MPAKTUICCKUAX
3aaHui
YcrHOE cobecetoBaHUE;
6 4 12-13 | 10 4 2 2 4 | 2 | BBIOJHEHHE MPAKTUUYECKUX
3aIaHUI
YcTHOe cobeceioBaHue;
7 4 14-15 | 12 4 2 2 6 | 2 | BBINOJHEHHUE MPAKTHUECKUX
3aJaHuN
YcrHOE cobeceloBaHUE;
8 4 16-18 | 16 6 4 2 6 | 4 | BBINOJHEHHUE MPAKTHUYECKUX
3aJaHui
Ho marepnanam 16 16 | Dx3amen
Kypca
Bceros 4
108 | 36 | 18 | 18 0 36 | 36
ceMecTpe:
Bcero: 108 | 36 | 18 | 18 0 36 | 36

4.2. HaumeHoBaHMe U CO/lepP:KaHUE PA3/1eJIOB AU CHUIIINHBI




Homep

HauMmenoBanue TeMbl

Conep:xxanue TeMbl

TeMbl
TenaeHnUu pa3BUTHS 3akoH Mypa u ero poJib B IOJyIPOBOJIHUKOBOI

1 MHUKPO3JIEKTPOHHOTO npoMbInuieHHOCTH. [IpoGiembl MacTabupoBaHus.
IIPOU3BOACTBA. Y3510BbI€ TOYKH. JIOPOKHBIE KAPTBHI.

DKOHOMUYECKHE MPUHIIUIIBI Pa3BUTHUS OTPACIH.
Bnusiane sxoHOMHYECKHX (aKTOPOB 3aBOABI 110

2 Opranuzanus Npou3BOACTBA | IPOU3BOJICTBY MHTErPAIbHBIX cXeM: (albl.

Y DKOHOMUKA. Konuenuus ynctorel. YucTsle KOMHATSI:
KJ1acCU(pUKALUA U TPUHIUIBI (PYHKIHMOHHUPOBAHUS.
Konnenmumsa Minimal Fab.

TexHonoruueckue Poct xpucramios. Dnurakcus. OTMbeiBKa. JIutorpadus.

3 onepauuu Nonnas nmmnanrtanus. Ocaxaenue (PVD, CVD, ALD).
MOJIyIPOBOHUKOBOTO Juddy3nonnbie nporecchl (OKUCICHUE, OTHKHUT).
IIPOU3BOJICTBA. TpaBnenue. XUMHKO-MEXaHUUECKas [IOJIMPOBKA.

MacmtabupoBaHue TPaH3UCTOPHBIX JIEMEHTOB.
[IpaBuna Jlennapaa. J{M3J1eKTpUKU C BBICOKOM
JURJICKTpUYecKoit mponuraeMocthio (high-k
. JURIIEKTPUKHK). TeXHOIOruM yBEIMUEHNs 0IBUKHOCTU
TpaH3uCTOPHBIN UK .
HOCHTENICH 3apsia B KaHane Tpansuctopa. [lepexoxn ot

4 H3TOTOBJICHITT IJIJAHAPHOU CTPYKTYPBI K HOBOM apXUTEKTYpE
uHTerpanbubix cxem (FEOL .
nponece). TPaH3UCTOPHOTO dJIEMEHTa (KHH, Fln FET TeXHoglorI/n/I).

Cpauutenbubiit ananu3 Texuonoruii FDSOI u FInFET.
CoBpeMeHHOE COCTOSTHUE U TIEPCIIEKTUBBI Pa3BUTHS CyO-
10 HM TPaH3UCTOPHBIX TEXHOJIOTUI: U3MEHEHNE
ApPXUTEKTYPbl U MaTEPHUAJIOB.
Pe3ncTrBHO-eMKOCTHas 3aJiep’KKa CUTHAJIa B CUCTEMax
MeTau3auuu. OCHOBHBIE TEXHOJIOTMYECKHE CXEMBI:
IIPOLIECC 3aIIOJHEHHS] METAJUIMYECKOTO penbeda
JTURJIEKTpUKOM, mporiecc Damascene. [1poGiemMsr
YMEHBIIEHUS TOMOJIOTMYECKUX Pa3MEPOB B CUCTEMAX
METaJUIN3aluu (POCT BPEMEHHBIX 331€P)KEK CUTHAA,
MHOroypoBHEBBIE CUCTEMBI | POCT TEIUIOBBIAEICHUH, IEPEKPECTHHIE TIOMEXH).

5 MeTaJlJIn3alnun VYMeHbIIeHnEe ANAIEKTPUUECKON POHUIIAEMOCTH
unTerpanbHbix cxeMm (BEOL | uzonupyromero nusnextpuka (low- k 1uanexTpukn).
nporecc). [MepcnektuBHbie lI0W-K auanekrpruku. Bo3moxHbIe

CLIEHapUHU B TEXHOJIOTHSIX MEHee 7 HM: MPOIIECChI
MOJIEKYJISIPHOM caMOCOOPKH KpeMHHHOPraHUYEeCKHX
MaTepUajoB ¢ IEPEXO0IOM Ha MPOLIECC 3aMOJIHEHUS
MeTaJuIn4eckoro penbeda auanekrpuxom wim PECVD
SiCOH B nporiecce Damascene. AibrepHaTHBHBIE
MaTepuaibl AJIs JaJIbHEH NepCIEKTHUBBI.

6 Texnonoruu Texnomorust DRAM. DHeprone3aBuCHMbIC yCTPONUCTBA
3anmomuHaronmx ycrpoiicts. | namsatd MHOII u Flash. 3D NAND.

MepcnexTasase IlepcnekTUBHBIE TEXHOJIOTMH YHEPTrOHE3aBUCUMON
mamsatu: MRAM, PRAM, RRAM, FRAM.

7 TEXHOJIOTUU .

. CpaBHuUTENbHAS XapaKTEPUCTHKA, IOCTUTHYTHII
3aIIOMUHAIOLIUX YCTPONCTB.
YPOBEHb, MaTepUaJIbl U TEXHOJIOTHUH.
8 [lepcrieKTHBEI pa3BUTHUS MeTo bl U TEXHOJIOTUH B IPOU3BOJCTBE M3AEIUN




Homep

TeMEI HaumeHoBaHune TeMbI Conep:xxanue TeMbl

OTpACIH. JUIEPOB MOJTYIIPOBOAHUKOBON UHAYCTPHUH.

4.3. JIabopaTopHubie padorsl (JIb)
Y4eOHBIM MJIAHOM HE MPEyCMOTPEHBI.

4.4. llpaktnueckue 3auarus (I1P)

o | Homep TeMbl N TpynoemkocTs
TemaTrka MpaKTHYECKUX 3aHSATHHA

I/ | DUCLUIUIMHBI (B akaj. yacax)
1 1 [TepcnexTuBHbBIE ) HEKTHI 2
2 2 HanomaTepuaiibt 4
3 3 DJIIEKTPOHBI B METAJLIAX 2
4 4 [TomynIpOBOTHUKY B AJICKTPOHHON TEXHHUKE 2
&) &) TIII qu31eKTPUKOB, CBSI3b C MOJSIPU3YEMOCTHIO. 2
6 6 TpaHcopTHBIC SIBJICHUS 2
7 7 Marsetuku 2
8 8 HanorexHoyoruu 2
Bcero: 18

5. Y4eOHo-MeTOoAUMYeCcKOe oOecmedyeHHe IS CAMOCTOATEJIbHOH pPadoThI
00y4arIIuXCcs M0 JUCUMILTIMHE

Bunel camocrosiTenbHON paboOThl  00ydaromierocs, MHOPSAOK U CpPOKU €€
BBIIIOJIHEHUS

IOATOTOBKA K JIEKUUSAM W TPAKTUYECKUM 3aHATHSAM C HCIOJIb30BAHUEM
KOHCIIEKTa JIEKLIMHA, MaTepuajoB NPAKTUYECKUX 3aHITHM W IPUBEICHHBIX HHKE
(m 8.1 1 8.2) UCTOYHUKOB (B COOTBETCTBUU C PACITHUCAHUEM 3aHATHH );

oopmiieHHE OTYETOB MO BBHIIOJHEHHBIM MPAKTUYECKUM 3aJaHUsIM U
TEOpeTHYECcKasi MOJArOTOBKA K UX c/laye (B COOTBETCTBUU C PACIIMCAHUEM 3aHSITHI).

[lepeuenb BOMPOCOB MJisi MPOBEACHUS TEKYIIETO KOHTPOJISI U MPOMEKYTOUHOM
aTTeCTallMi — B COOTBETCTBUU C TEMATUKOMN TUCLMIIAHBI.

6. DOoHI OUEHOYHBIX CPEICTB /JIsl NMPOBEAEeHHS TEKYIIero KOHTPOJIA
yCIeBaeMOCTH U MPOMeKYTOYHOM aTTecTalu 00y4alomuxcs Mo JUCHHNInHe

6.1. Onucanue moka3zaresieil 1 KpuTepreB OLEHUBAHUSA 3HAHUUN, YMEHUHN U
BJIa/ICHUN Ha pa3IMYHbIX dTanax ux (popmMupoBaHus, ONUCAHHUE LIKAJ OLEHUBAs

6.1.1. Iloka3areJu M KpPUTEePUM OLEHHWBAHMA, HCHOJIb3yeMble HIKAJbI
OLICHUBAHMSA

IHoka3zarean Kpurepun CpencrBa I xkauasl
OLlCHUBAHUSA OlICHUBAHUA OllCHUBaHUA OllCHUBAaHUA
ITpaBUIIBHOCTB BBINOJIHEHUS | Texyuuti KOHMpony:
YMeRne y‘-Ie6HI)IX 3aHaHHfI, BBIHOJ'II—EGHI/IG yCTHLIX/ IIMCBbMEHHBIX kana 1
apryMEHTHUPOBAaHHOCTb 3aJlaHuM, TECTUPOBAHUE
BBIBOJIOB




IHoka3zarenn Kpurepun CpencrBa I xkanasl
OlLleHHUBAHMS OlleHUBAHUS OlICHUBAHMS OlLIeHUBAHMS
IIpomedxxcymounas ammecmayus:
9K3aMEeH
Texywuti KOHMPO®:
BBITIOJTHEHUE YCTHBIX/TTMCbMEHHBIX
IIpaBUIBHOCTE U ITOJIHOTA o
3aJlaHuM, TECTUPOBAHUE
3nanue OTBETOB, ITyOMHA [xana 1
IIOHMMaHHUS BOIIpOca
IIpomedsxcymounas ammecmayus:
9K3aMEeH
Texywuti KOHMPO®:
O060CHOBaHHOCTD U BBITIOJTHEHHUE MTPAKTHYECKOTO
apryMEeHTHPOBAaHHOCTh 3a/laHusl, TECTUPOBAHUE
Baanenue pry P N ’ p Ixana 2
BBITIOJTHEHHSI Y4eOHOM
JIeSITEIIbHOCTU IIpomesxcymounas ammecmayus:
9K3aMEH

6.1.2. Onucanue WIKAJ OLEHUBAHUSA CTeNeHH c(POPMHUPOBAHHOCTH 3HAHUIA,

YMEHUI U BJIaJICHU

HlIkana 1. Ouenka chopMUPOBAHHOCTH 3HAHUN, YMEHHUH U BJIaJICHUN

O6o3HaueHus DopMyJMPOBKA TPeOOBaAHMI
K cTeneH ¢opMUPOBAHHOCTH 3HAHMIA, YMEHMI M BJIaJICHU
Hudp. Onenka (popuup y
3HATD YmMmerh Baagernb
. OtcyrcTBUE OtcyrcTBUE
1 HeynosnerBoputensHo | OTCyTCTBUE 3HAHMIA N
YMEHUU HAaBbIKOB
YactuuHo
®parMeHTapHbIE ®parMeHTapHOE
2 HeynosnerBopurensHo OCBOEHHOE
3HaHUS MIPUMEHEHHE
yMEHUE
B nenom
H B uenom
OOuue, HO He YCIEIIHOE, HO HE
YCHEIIHOE, HO HE
3 VY I0BNETBOPUTENBHO | CTPYKTYPHUPOBAHHBIE | CHCTEMATHYECKU
CHUCTEMATHYECKOE
3HaHUs OCYLIECTBIIIEMOE
MIPUMEHEHHE
yMEHHUE
B uenom
B nenom CIEIIHOE, HO
CdopmupoBanHsle, " Y ’
YCIIELIHOE, HO coJieprKaliee
HO cojiepKalue
4 Xopoio coJieprKaIime OTJEJIbHbIE
OTJIeTbHBIE TIPOOEIBI
OT/IeJIbHbIE poOeITbI
3HAHUS
poOeIbl yMeHue MIPUMEHEHHE
HaBBIKOB
VYcenemnoe u
CdhopmupoBaHHbIe
CchopMupoBaHHOE | CHCTEMAaTHYECKOE
5 OTau4HO CHCTEMAaTUYECKHE
yMEeHHe MIPUMEHEHHE
3HaHUS
HaBBIKOB

HlIkana 2. KomiekcHas oOlleHKa C()OPMUPOBAHHOCTU 3HAHUM, YMEHUH U

BJIQJICHUH



Ob6o3HaueHus ®opmyMPOBKa TPeOOBAHUM

Hudp. Ouenka K cTereHd ¢opMUPOBAHHOCTH 3HAHUI, YMEHMIT 1
BJIaJeHUH
1 HeynosnerBopurensno | He mMeeT HEOOXOIMMBIX MPEJICTaBICHUNH O MPOBEPSEMOM
Marepuae
2 Y 10BIETBOPUTETBHO 3HaTh Ha YpPOBHE OPHEHTHUPOBAHMSA, IPEACTaBICHUM.
W CyObeKT yueHHsS 3HAeT OCHOBHBIC MPU3HAKU WJIA TEPMHUHBI
HEYJOBJIETBOPUTEIBHO | U3YYAaEMOI'0 3JIEMEHTa COAEpP)KaHUsI, UX OTHECEHHOCTh K
(no yemompenuio OTIpE/ICIICHHOW HayKe, OTPaci WM OO0BEKTaM, Y3HAaeT UX B
npenodaeameis) TEKCTaxX, H300paKEHUSIX WIM CXeMax M 3HaeT, K KakKuM
HUCTOYHUKAM HYXKHO oOparmatbscs Uit 60yiee JeTaIbHOTO €ro
YCBOEHUS
3 VY 10BIETBOPUTENHEHO 3HaTh W yMETh Ha PenpoAYKTHBHOM YypoBHe. CyOBeKkT

yY4eHHUs ~ 3HAeT  H3YYEHHBIH  DJIEMEHT  COJepKaHMs
PENPOAYKTUBHO: MPOU3BOJIBHO BOCIPOU3BOJIUT CBOU 3HAHMUS
YCTHO, TUCHbMEHHO WJIM B IEMOHCTPUPYEMBIX JEHCTBUAX

4 Xopomo 3HaTh, YMETh, BJIAJICTh HA AHAJIMTHYECKOM ypOBHE. 3Has Ha
pPENpoayKTUBHOM YpOBHE, YKa3blBaTb Ha OCOOECHHOCTH U
B3alMOCBSA3M H3YUYEHHBIX OOBEKTOB, Ha HUX JOCTOMHCTBA,
OTFPaHUYEHUS, HUCTOPUIO U MEPCHEKTUBbl PA3BUTUSA U
0COOEHHOCTH JUIsI pa3HBbIX 00BEKTOB YCBOCHHSI

5 OT1nu4HO 3HaTh, yMeTb, BJaJeTh Ha CHCTEeMHOM YpoBHe. CyObekT
YYEHHUS 3HAeT U3YYEHHBIM 3JIEMEHT COJEp)KaHUS CHCTEMHO,
IPOM3BOJILHO M JI0Ka3aTeIbHO BOCHPOM3BOIUT CBOM 3HAHUS
YCTHO, MUCBMEHHO WM B JIEMOHCTPUPYEMBIX JEHCTBUSX,
YUUTBIBass M YyKa3blBas CBSI3M U 3aBHUCHUMOCTU MEXIY STHM
AIIEMEHTOM U JPYTMMH 3JIEMEHTAaMHU COJIep)KaHus ydeOHOU
JUCLUIUIMHBL, €ro 3HAaYMMOCTb B COJEpXAaHUU Yy4yeOHOMH
JUCIUIIMHBI

6.2. TunoBbie KOHTPOJILHBIE 32/IaHUS UJIU HHBbIE MATEePHAJIbl, HEOOXOIUMBbIE
JUISL  OLIGHKM 3HAHWM, YMEHMH, HaBbIKOB M (WJIM) OMNbITa JEATEIbHOCTH,
XapaKTEePHU3yIOLMX 3Tarnbl (OPMUPOBAHUS 3HAHUM, YMEHUN W BJIAJIEHUN B MpoLECcce
OCBOEHUS 00Pa30BATEIBHON IPOIPAMMBI.

TunoBble BONPOCHI M 3aJaHMSA AJS1 TEKyLIero KOHTPOJs (OLEHKA
c(OPMHPOBAHHOCTH 3JIEMEHTOB (3HAHWI, YMEHHH, HAaBBIKOB) B paMKaxX TEKYILIEro
KOHTPOJIS 1O TUCLUUILTMHE) IO pa3aeiaM AUCLUILIAHbI

1. Kakoii mapameTp MOHO HCHOJB30BaTh [UIsl XapaKTEpUCTHUKU 0oO0beMa

npousBocTBa dada?
2. KakoBa TunuyHasi mpou3BOAUTEILHOCTh OTYIPOBOAHUKOBOTO (haba?

w

Yro siBIII€TCSI OCHOBHOM 3a1aueii Moy npoBOJHUKOBOTO pure-play ¢aba?

4. HazoBHTe OCHOBHBIE WCTOYHUKH 3arpsA3HCHUNA B  IOJYIPOBOJIHUKOBOM
TIPOU3BOJICTRBE.

5. Kakue MEPOIIPUATHUS Iperoaraet KOHIICTILIHS YUCTOTHI B

MOJTyIIPOBOTHUKOBOM ITPOU3BOJICTBE?



6. CKOJIBKO YacTHIl COACpXUTCS B 1 kKyOuueckom ¢yTe mnomemieHus kiacca 10
coriacHo (enepanpbHOMY cTaHAapty 209B?

7. Kmacc unctoter 1SO 2: CKOIBKO YacTHIl COAEPKHUTCS B 1 KyOMYeCKOM MeTpe
MOMEIIECHHUS ?

8. Uro nmpeanonaraer Front-End-Off-Line (FEOL) nmpon3BoicTBEHHBIN ITUKI?

9. Yro npeanonaraetr Back-End-Off-Line (BEOL) npou3BoaCTBEHHBIH ITUKI?

10.13 xakoro mMarepuasia U3roTaBIUBAIOTCS TUIACTUHBI i mpou3BoacTBa KMOII
MHTErPAIBHBIX CXeM?

11.KakuM MeToJIOM BbIpaniuBaeTcs KpeMHuid i npousBoactBa KMOII
MHTErPAIBHBIX CXeM?

12.C kako¥ 1eNTbI0 UCTIOJIB3YETCS MPOIIECC AMUTAKCHHN?

13.Ha3oBuUTe  OCHOBHBIE  TEXHOJIOTUYECKHME  MPOLECCHl  KPHUCTAIHLHOTO
MUKPOAJIEKTPOHHOTO TPOU3BO/ICTBA.

14.Kakoit muamMeTp MOXET UMETh KpEeMHHEeBas IUIaCTHHA MJisi TMPOHM3BOJCTBA
WHTETPAIbHBIX CXEM?

15.Kakoil BUJ 3IEKTPOMATHUTHOTO HW3JIyYEHHUS] HCIOJIb3YETCS B YCTaHOBKax
doTonuTorpapun?

16.Kak MOXHO TIOBBICHTH pa3peHialonlyl0 CIIOCOOHOCTH B  MpoIeccax
doTonuTorpapun?

17.Kakoil Marepuan HUCIOJb3YyeTCs B KadyecTBe (POTOUYBCTBUTEIBHOIO CJIOSA B
npoiiecce poronutorpadun?

18.Kakoit  MeTon  WCHONB3yeTcs  JJIi  W3MEHEHHS  TMPOBOJUMOCTH B
MOJYIPOBOJHUKE?

19.Kakoit #3 MeTofoB OOECNEeYHUT JIYyYIIyl0 AaHHM30TPOIHOCTh TPaBJICHUS:
AKHUJKOCTHOE XUMUYECKOE TPABJIECHUE WU TJIa3MO-XUMHUYECKOE TpaBJIeHHE?

20.Mo>KHO JT1 UCTIOJIB30BaTh TEXHOJOTHIO HAIPSKEHHOTO KPEMHHUS TPUMEHSIETCS
B FEOL mporiecce st yBenuueHust MOABMKHOCTH HOCUTENIEH 3apsiga B KaHaje
TpaH3ucTopa?

21.0mnpenennte, MOKHO JIM UCKITIOUUTh HEKOHTPOJIUPYEMbIE TOKH, TPOTEKAIOLIIE
BHE KaHajla TPaH3UuCTOpa IMyTeM HMCIOJIb30BaHus KOHCTpYKIuK FINFET wnn
high-k nusnexrpuka?

22.C KaKoy LEeJbI0 B TPAH3UCTOPHOU TEXHOJIOTUU UCTIONB3YETCS AUDIIEKTPHUK C
BBICOKOM JTMAJICKTPUUECKOM nmpoHuiiaeMocTbio high-k?

23.C yMeHbIIIEHHEM MUHUMAJIBHBIX TOTIOJIOTHYECKHUX pa3MepOB TPAaH3UCTOpa
JUBJIEKTPUUECKYIO MTPOHUIIAEMOCTD MOI3aTBOPHOTO AUAIEKTPUKA HEOOXOAUMO
YMEHBIIATh WIH YBEITUINBATH?



24 Kaxkas u3 rexnonoruii HE rcnonbs3yercs B TEXHOJIOTUSIX MEeHee 22 HM:
texHosorus FINFET wim TeXHOIOTHS caMOCOBMEIIIEHHOTO ITOJIMKPEMHHUEBOTO
3aTBOpa?

25.I1pu pazpabotke UC c TexHnomorueit MmeHee 22 HM Kak CIeAyeT pacnoiiaratb
KaHaJl TpaH3ucTopa: Orke K 3aTBopy Wiu aaneiie? [louemy?

26.Kakyro KOHCTPYKIIMIO TPAH3UCTOPA MPEIIOYTUTENIbHEE UCTIOIb30BATh B
TEXHOJIOTHH 14 HM: IUTaHapHBIN TpaH3ucTop i FINFET?

27.Kakast KOHCTpYKIHUS TpaH3UCTOPA MPEANOUTUTEIbHEE B TEXHOJIOTUU MeHee 3
aMm: FINFET nm GAA (xpyroBoii 3atBop)?

28.SBnsercs nu sHepronesaBucumoir DRAM nmamsarts?

29.Yto npexacrasisieT u3 ceds koHcTpykuus DRAM?

30.5IBnsiercs mu sHEeproHe3asucumoit Flash mamsits?

31.bonee 6picTpOE YCTPOUCTBO MAMATU UMEET MEHbIIUNA 00BEM?

32.Kakue KOHCTPYKIIMU UCTIONIBb3YIOTCS JUIsl YBETUUCHHUSI EMKOCTH KOHJEHCAaTOpa
DRAM?

33.Kakum kpuTEpHsIM TOJDKEH OTBEYATh TUAICKTPUK KoHAeHcaTopa DRAM
AYECUKU?

34.Kaxk cBsi3aHa MUpHUHA 3aNPEIICHHON 30HBI ¢ BETMYUHON TUIICKTPHUICCKOM
MIPOHUIIAEMOCTHU JTUAJICKTPUKA?

35.Huskue Toku yTeuKu UMEET AUDIIEKTPUK C Y3KOU 3ampeieHHON 30HO0Mi?

36.KakoB ocHoBHOI TpeH pa3sutusi DRAM yctpoiicTB?

37.KakoB npuniui padotsr Flash mamstu?

38.CkomnpKo ciioeB MOxeT coaepkatb coBpeMeHHas 3D NAND mamsiTs?

39.Kakumu cBoiicTBaMU JTOJDKHA 00J1a/1aTh YHUBEPCATbHAs («HaeambHas))
MaMsTh?

40.Kaxoif BuI maMsTH PETEHAYET Ha 3BaHUE YHUBEPCATHLHOW MaMSITH?

Ilepeyens  BONMpPOCOB sl MOATOTOBKM K  JK3aMeHy  (OIlEHKa
chOPMHPOBAHHOCTH  DJIEMEHTOB  (3HAHWM, yMEHHWI, HABBIKOB) B paMKax
MPOMEKYTOUYHOM aTTECTALMU MO TUCIUIUINHE).

1. OcHOBHBIE TEHACHIMU W JBWKYIIME CHJIBI Pa3BUTHS MHUKPOAJIEKTPOHHOTO
npousBojacTBa. [cropust cTaHOBIEHMS W pa3BuTusA  oTpacnu. Poib
OTEYECTBEHHBIX YYEHBIX. 3aKOH Mypa M €ro poib B HOJYyHPOBOJHUKOBOMN
npoMblnuIeHHOCTH.  CoBpeMeHHOe  cocTostHME. llepcrnekTuBHBIE — IJIaHBI
(«1OpOKHBIE ~ KapThl»)  pa3BUTHUA  MOJYIPOBOJHUKOBOW  HHIYCTPHUHU.
YMeHblIeHHe MUHUMAJIBHBIX TOMOJOTHUYECKUX Pa3MEPOB («y3JI0OBBIE TOUKUY).



3aBo/ibI 110 TPOU3BOACTBY MHTETPATIbHBIX cxeM: (aodbl. [IpuHIUIIBI OpraHu3auu
u obopynoBanue. Konmenmus 9ucToThl. YnCThIe KOMHATHI: KJIACCU(DUKAIIAS U
npuHIUIBL QyHKIIMOHUpOBaHusA. OcHOBHBIE Ou3Hec-mojenu (foundry, fabless u
mp.). XapaKTepUCTUKA BEIYIINX MUPOBBIX M OTCUECTBEHHBIX MPOU3BOIUTEIICH.
Meton Yoxpansckoro (CZ) wu 3onmHort miaBku (FZ). Ilpeumyiectsa,
orpaHU4eHMs], Ha3HaYeHue. Jleruposanue, KO3OPUIIMEHT cerperauu NpUMecH,
dakTopsl, BAMAIONIME HA pacnpenencHue npumecd B CZ. BiusHue TenioBoi
KOHBEKIIMU. CrnocoObl YMEHBIIEHHsS] BIUSHUS TEIUIOBOM  KOHBEKIIHH.
[IpumecHBIe 3arps3HEHNS B MOHOKPHUCTAJUTMUIECKOM KpeMHUH. Poiib kuciaopoaa
U yriepoja. [Iperunuratel  KHCIOpOAA. Bunet  gedexton B
MOHOKPUCTANTMYECKOM  KpPEeMHUHU. Buabl KpEeMHHMEBBIX IUIACTUH  JUIS
npousBoactsa MC.

Onurakcusi KpeMmHHs. XapaKTepUCTHUKa TMPOLECCOB C  HCIOJIb30BAHUEM
paznuuHbIX TpekypcopoB. Kunetuka pocta. O6opyaoBaHue.

®dortonmurorpadus. TexHOIOTHUECKHE OmNepamuy W o0Ias XapaKTepUCTHKA
nporiecca. dotope3ucTsl. MUHUMANIBHBIN pa3Mep dJEMEHTa, JJIMHA BOJIHBI.
Oco6ennoctu UV u EUV-nmurorpadun.

HNonnas ummiantanus. OOmias xapakTtepucTuka mporeccoB. KoHcTpykius
ycTaHoBOK. [Iporecchl oTkura mociie TMPOBEIACHUS WOHHOM HMMIUIAHTAIIMH.
OTXUT «IETKUX» U «TSHKEIIBIX» aTOMOB JICTHUPYIOIIEH PUMECH.

[Mpomecchr  ocaxkaenus. Pusnueckoe ocaxaenune (PVD) — weromsl wu
obopynoBanue. MaraerponHoe pacmbuieHHe. [IpenmyiiiecTBo, orpaHuyeHus,
00JacTh TPUMEHEHUSI.

[Mporecchl ocakaeHUs. XUMHUYECKOE ocaxKaeHue u3 razoBoit (aser (CVD).
Metonst u  obopynoBanue. IlpenmMyniecTBo, OrpaHMuYEHHs, O0JACTb
npuMenenus. IIponeccer CVD ocaxkneHus nuokcuaa KpEeMHUS W HHUTPHIIA
kpeMHus. [Ipekypcopsl, TeMIepaTypbl, IpUMEHECHHE.

[Ipoueccol ocaxaeHus. ATomHo-cioeBoe ocaxnaeHue (ALD). Ilpunuummnsi,
npeKkypcopsl U obopynoBanue. [IpenmyiiecTBo, OrpaHudeHUs, 00JaCTh
MIPUMEHEHUS.

10.ITpomecchl ocaxaeHusi. XuMuU4eckoe ocaxaenue u3 pactBopoB (CSD). 3omb-

resib TeXHoJorus. Peakuuu ruaposnusa u koHaeHcauu. @opMupoBaHue TIICHOK
OpraHoCHJIMKAaTHbIX cTekon. [lpomeccel mnanapuzauuu. [Ipeumyriectso,
OTpaHUYCHMSI, 00JIACTH TPUMEHCHHUS.

11.TTporecchl AAEKTPOXUMHUUECKOTO OCAKICHHUS MeAu. TEeXHOJIOTHS CO3JaHus

cucteMbl MeHOM MeTayumn3anuu (Damascene, Dual Damascene).

12.TIpotiecchl <«KHUAKOCTHOTO» U «CyXOro» TpaBieHus. DU3NKO-XUMUUYECKHE

nporecchl U o6sactT mpuMeHeHus. OCHOBHBIE XapaKTEPUCTUKHU IMpolecca
TpaBiieHHs. CeeKTUBHOCTh. AHU30TPOMHOCTb.



13.Tepmuueckoe okucieHue kpemuus. Moaens una-I'poysa. OKUCIIEHHE B CyXOM
u  BiaakHoM kuciopome. OobopymoBanue. I[lpomeccsl  dopmupoBaHUs
MO/3aTBOPHOTrO JudJIeKTpuka. Crabuiu3aius 3apsaioBbIX XapaKTEPUCTHUK
JTUAJIEKTPHUKA U TPAHULbI pa3iena.

14. XuMuKO-MeXaHu4ecKas IJIaHapU3aIusl. XapakTepucTrka METOJa,
o0opyoBaHue, 001aCTH IPUMEHEHHUS.

15.TpaH3uCTOpHBIA LUK H3roToBiIeHUss uHTEerpanbHbix cxeM (FEOL mpomecc).
YMeHbllleHHe MUHUMAJIbHBIX TOTIOJIOTUYECKUX pa3MepoB (ckeinur). [TpaBuia
MacmitabupoBanusi  JleHHapaa.  TeXHOJOTMYECKHM  [MKI — W3TOTOBJICHUS
IUTAaHApHOTO TpaH3ucTopa. [IpobaemMbl yMEHbIIIEHUST pa3MEPOB TPAH3UCTOPHBIX
AJIEMEHTOB.

16./IudnekTpUKH ¢ BBICOKOW  JudNieKTpudeckord mpoHumaeMocteio  (high-k
JUAJIEKTPUKHM). TEXHOJIOrMM yBEIWYEHUS IOABM)XHOCTH HOCHUTENEH 3apsja B
KaHalle TpaH3ucTopa. TexHomormueckui mnpouecc uzroroieHuss KMOII ¢
METAJUTMYECKUM 3aTBOPOM U high-K muamekTpukomM.

17.9¢dexts kopoTkoro kanana B M/I1-tpan3ucrope. Toku yreuku. [lepexon ot
IUIAaHAPHOM CTPYKTYpbl TPAH3HCTOpPAa K HOBOM apXHUTEKType (KpeMHHUH Ha
uzonsitope - KHU, FInFET Texnonorus). CpaBHUTENBHBIA aHAIA3 TEXHOJIOTUN
KHU u FinFET.

18.CoBpeMeHHOE COCTOSIHUE U MIEPCIIEKTUBBI pa3BUTUA cy0-10 HM TPaH3UCTOPHBIX
TEXHOJIOTHI: U3BMEHEHUE apXUTEKTYphl U MaTepuanoB. IIepcrieKTUBbI pa3BUTHS
KMOII TexHomoruii: TexHonoruu kpyrosoro 3atBopa (GAA, Forksheet, CFET
u 1p.), 2D-noxynpoBoAHUKH, TyTH NMPEo10JieHUs: bobliIMaHOBCKOTO Npesena.

19.MHoOroypoBHEBBIE CHCTEMBI MeTa/UIM3alui UHTerpadbHbix cxem (BEOL
npouecc). OCHOBHbIE TEXHOJOTMYECKHME CXEMbI: IPOLECC 3alOJIHEHUS
METAJTIMYECKOro penbeda AUdIEKTpUKoM U mporecc Damascene. [IpoGiemsr
YMEHBUIEHUSI TOIMOJOTMYECKUX pa3MEpOB B CHCTEMax MeTauid3aluu (pocT
BPEMEHHBIX 3a/IepKEK CUTHaJIa, POCT TEIUIOBBIACICHHUM, MEepPEKPECTHBIE
noMexu). [lepexon Ha MeqHbIE MPOBOJHUKHU. Y MEHBUIEHUE AUAIICKTPUUYECKON
MPOHUIIAEMOCTH H30JIMPYIOIIEro AudjieKTprKa (low-K TuaaekTpukm).

20.Matepuasbsl 1 TeXHOJOTUH B cy0-10 HM mporieccax co3aaHus MHOTOYPOBHEBBIX
CUCTEM MeTayuM3anuu uHTerpaibHbix cxeM (BEOL mnponecc). IlpoGnemsi
CKEWJIMHTa MEJIHBIX NPOBOAHUKOB. Kputepuu mnoucka aabTEpHATUBHBIX
metaiioB. [Ipobiema merammnyeckoro 6apbepa. Co n Ru kak noreHIuanbHbIe
KaHauaaTel B cyo0-10 HM mporeccax. [lepcnexktuBabie low-K nuanekTpuki.

21.3anomuHaromue ycrpoiicta (3Y). OcHOBHBIE MOTpeOUTENN U TpeOOBaHUSA K
napaMmeTrpaMm ycTpolcTB mamatu. HMepapxusi yctpoicTtB mamsitu. OCHOBHbIE
BUJIBI M XapakTepucTuku 3Y: crarnueckas namsth (SRAM), nunamuueckas
naMsITh ¢ MPOU3BOJbHON BhIOOpKOH (DRAM), duaimn mamsars (NAND, NOR),



NEePCHEKTUBHbIE BUAbI MaMsiTH (MarHutope3uctuBHass MRAM, Ha ¢a3oBbix
nepexonax PCRAM, pesuctuBnas ReRAM, cernerosnexrpuueckas FERAM).

22.TexHOIoTHS 3alIOMUHAIOIINX YCTPOHCTB C MPOU3BOJIbHOM BbIOOpKOM (DRAM).
Sueiika, 0coOEHHOCTH (PyHKIMOHUpPOBaHUS. MaciTaOupoBaHue: CKEHIMHT
TPAH3UCTOpPA, CKEWJIMHI KOHIEHCATOpa, W3MEHEHHS B  apXHUTEKTYpE.
[lepcnekTuBHBIE T[UIaHBI pa3BuTUdA TexHojoruu DRAM. T'ereporennas
VMHTETPALIUSL.

23.2HeproHe3aBUCUMbIC YCTPOKUCTBA MaMITH. DU3NUECKue OCHOBBI PaOOTHI SUEEK:
TpaH3ucTop co crpykrypoit MHOII u TpaH3uCTOp C IUIaBAIOIIMM 3aTBOPOM.
NOR 1 NAND apxutektypa. TenaeHun macmtadbupoBaHus: mepexos ot 2D k
3D NAND apxwutekrype. IIponiecc M3rotroBieHHss W NpUHIMN paboTel 3D
NAND. MynbtOuTOBBIE sUEUKHU. [lepcneKkTuBBl pa3BUTUS TEXHOJIOTHUU.
['eTeporenHas uHTErpaLus.

24.TlepcrieKTUBHBIE ~ TEXHOJIOTUM  BBICOKOCKOPOCTHBIX  SHEPTrOHE3aBUCHUMBIX
3aIIOMHUHAIOIMIMNX yCTPOUCTB. MarauTtopesuctuBHas naMats - MRAM. [IpuHnmn
nerctBus v KOHCTpyKuus siueek. Toggle 1 STRAM. OcHOBHBIE TpeUMyIIIECTBA
u HepocTaTku. COBpEMEHHBIN YPOBEHb, 00JIaCTH MPUMEHEHUS U IEPCIEKTUBBI.

25.11epcrieKTUBHBIE ~ TEXHOJIOTMM  BBICOKOCKOPOCTHBIX  IHEPrOHE3aBHCHUMBIX
3anoMHHarONMX ycTpoicTB. [lamsate Ha (da3oBeix nepexomax - PCRAM.
[IpyHIMO neWcTBUA M KOHCTPYKUUSA s4yeeK. OCHOBHBIE NPEUMYLIECTBA U
HesocTaTku. COBpEeMEHHBIN YPOBEHb, 00JIACTH MPUMEHEHHUS U TTEPCIIEKTUBHI.

26.[lepcrieKTUBHBIE ~ TEXHOJIOTUM  BBICOKOCKOPOCTHBIX  DHEPTrOHE3aBHCHMBIX
3alOMUHAIOMINX YCTpoHcTB. Pe3uctuBHas mnamsate - ReRAM. Ilpunuun
JNEUCTBUS U KOHCTPYKLHS SIYEEK. DJIEMEHTbl C U3MEHEHUEM BAJICHTHOCTH H
TEPMOXUMHUYECKUM CIOCOOOM TMEPEKIIOYEHHUs. DJIEMEHTbl, OCHOBaHHBIE Ha
JBM>)KCHUM MOHOB MeTauioB. (OCHOBHbIE MPEMMYLIECTBA W HEIOCTaTKH.
CoBpeMeHHBIN  ypOBeHb M mepcnekTuBbl. OOmactu mnpumeHeHus. 3D
apxutekrypa. HeilipomopdHbie BEIYHCIICHHUS.

27.IlepcrieKTUBHBIE ~ TEXHOJIOTMM  BBICOKOCKOPOCTHBIX  JIHEPrOHE3aBHCHMBIX
3alOMUHAIOMINX yCTpoUCTB. (CerHerodyiekTpuueckass mnamsate - FeRAM.
[Mpunmun  peiictBust u  KoHCTpykmus staeek. 1T uw 1T/1C  sueiikw.
CerHerosneKkTpuuecKue NEPOBCKUTHI. KOHCTPYKIMSA SUEMKHA U MCIOJIb3yEMBIE
Marepuasibl. OCHOBHBIE IPEMMYIUECTBA W  OrpaHWYEHUsA. bHHapHbIE
CETHETOAJICKTPUKUA CO CTpyKTypoil (urooputa. CoBpeMEHHBIN YpOBEHb U
nepcnekTuBbl. O0JIacTH MPUMEHEHUS.

6.3. MeToauueckue MaTepuaJibl, onpeaessiiole Npoueaypbl OeHUBAHUS
3HAHUMW, YMEHU, HABBIKOB U (WJIN) OMbITA JEATEIIbHOCTH.
[Ipouenypsl 1 cpecTBa OLCHUBAHUS 3JIEMEHTOB 3HAHUM, YMEHUH U BJIAJICHUN



no auctuiuinHe « TexHomorust 1 000pyIoBaHUe IS IPOU3BOACTBA MATEPUAIIOB U
prOOPOB AIIEKTPOHHON TEXHUKNY.

CpeacTBo OleHUBAHUS
. ITpomexyToUHBIH
Texymuii KOHTPOJIb
IIpouenypa KOHTPOJIb
NpoBeACHUA BrmonaeHne BrmonaeHne BemonaeHne BrmonaeHne
YCTHBIX MUCbMEHHBIX | NMPaKTHYECKUX TECTOBBIX OKx3aMeH
3aJaHui 3aJaHui 3aJaHui 3aJaHuN
Ilo Ilo Ilo IIo B cootBercTBUU C
IIpongomKuTenbHOCTh
KOHTpOS YCMOTPEHUIO YCMOTpPEHHUIO YCMOTPEHUIO YCMOTPEHHIO HNPUHATBIMU
npenojaBaTensl | mpenojaBarens | MpenojaBaTelis | MpenojaBaTens | HOPMaMU BPEMEHU
dopMa IpoBeJCHUS Vet ompoc IIuceMeHHbIN IIuceMeHHbIN IIuceMeHHBIH B nuceMeHHOM
KOHTPOJISI ompoc onpoc OIIpocC ¢dopme
Bun nposepouHoro VYcrHble ITucemennsle | Ilpaktuueckue | IluceMeHHBIH | DK3aMeHAI[MOHHBII
3aaHus BOTIPOCHI 3aJ1aHus 3aJlaHus orpoc ouer
OTBeTHI B OTBeTHI B OTBeTHI B OTBeTHI B
®opma otyera YcTHBIE OTBETHI MIMCBMEHHOM MMCBMEHHOU MIUCBbMEHHOU [IUCBMEHHOU
dbopme dbopme dhopme dhopme
Pa3marounsriit Her CrnpaBouHas CrnpaBouHas CnpaBouHas CnpaBouHas
MaTepHuan IuTeparypa IuTeparypa auTeparypa auTeparypa
7. MeToaudecKue YKa3danuss JIdd oﬁyqaloumxcn o OCBOCHHIO
AUCHUIIIINHBI

HI/ICI_[HHJII/IHa «TexHonorus u O60py,Z[OBaHI/I€ I IIPOU3BOACTBA MATCPHUAJIOB U

npUOOPOB DJIEKTPOHHOW TEXHUKW» TMPEAYyCMATPUBACT JIEKIMA UM MPAKTHUYECKHUE
3aHATHS. Y CIICIIHOE U3yYeHHUE TUCIUIUIMHBI TpeOyeT MoceleHus JeKIUi, akTUBHON
paboOThI HA MPAKTUYECKHUX 3aHSATHUSAX, BBITIOJHEHUS YUEeOHBIX 3a/laHUil MperogaBaTes,
O3HAKOMJIEHUSI C OCHOBHOM U JIOIIOJIHUTEIBHOM JTUTEPATYPOH.

B xone nekmuii npenomaBaTesib U3NIaracT U pa3bsCHSIET OCHOBHBIE, HauboOJee
CJIO’KHBIC TIOHSITHS TEMBbI, a TaKXKE CBA3aHHbBIE C HEM TEOPETUUYECKUE U MPAKTUUECKUE
npoOiemMbl, JaeT PEKOMEHJAlMd Ha MPAaKTUYECKOe 3aHATHE W YKa3aHWus Ha
CaMOCTOATENbHYI0 PaboTy.

[Ipyn mOAroTOBKE K JIEKIIMOHHBIM 3aHSATHSAM acHUpaHTaM HEOOXOAMMO: IMepes
OUYepeHON JIEKIMEH HEOOXOJUMO MPOCMOTPETh KOHCHEKT MaTepHalia Impeablayliei
nexkuuu. Ilpw 3aTpyqHeHUsX B BOCHPUATHM MaTepuana cleAyeT oOpaTUThCA K
OCHOBHBIM JIMTEPATypPHBIM HMCTOYHHMKAM. Eciu pazoOparbcsi B MaTepualie OmsiTh HE
yAaloch, TO oOpatuTech K JeKTopy (1o rpaduKy ero KOHCYJIbTAIMi) WU K
MpEenoAaBaTelio Ha MPAKTUYECKUX 3aHSITUSIX.

[IpakTuueckue 3aHATHsI 3aBEPIIAIOT U3YUCHHE HAanOOJee BAXKHBIX TEM y4eOHOMH
TUCUMIUIMHBL. OHM CIyXaT JUIsl 3aKpEeIuIeHUsT W3YYEHHOTO MaTepuaia, pPa3BUTHS
YMEHUH 1 HAaBBIKOB IMOJTOTOBKH JIOKJIAJIOB, COOOIIEHUH, TPUOOPETEHUS ONBITA YCTHBIX
nyOJWYHBIX BBICTYIUICHUHM, BEICHUS JTUCKYCCHH, AapTyMEHTAIlMM W  3allUThl
BBIJIBUTAEMbBIX TOJIOKEHUM, a TakXke I KOHTPOJA TNpernojaBaTeiieM CTElNeHH
MOJATOTOBJIEHHOCTH aCIUPAHTOB IO U3y4aeMOW JUCIUIUIMHE.

[Ipy moAroTOBKE K MPAKTUYECKOMY 3aHSITHIO ACIIUPAHTHI UMEIOT BO3MOKHOCTh
BOCIIOJIb30BATHCSl KOHCYJIbTALIMSIMU TIPETOaBaTesl.

[Ipu moAroToBKE K MPAKTUYECKUM 3aHSATHUSAM acliUpaHTaM HEOOXO0IUMO:



OPUHOCUTh C CO0OM pEKOMEHJOBAHHYHK IPENOAaBaTeieM JIMTEPATYPY K
KOHKPETHOMY 3aHATHIO;

JI0 OYEPETHOIO NPAKTUYECKOTO 3aHATHS 110 PEKOMEHAOBAHHBIM JINTEPATYPHBIM
UCTOYHUKAaM MpopaboTaTh TEOPETUYECKUH MaTepual, COOTBETCTBYIOLIEH TEMBI
3aHATHUSA,

B Ha4aJle 3aHATUHN 3a1aTh [IPETO1aBaTENI0 BOIIPOCHI 10 MAaTEPHAILY, BBI3BaBILIEMY
3aTPYJHEHHs] B €r0 NOHMMAHUM U OCBOCHMM IIPU PELICHUM 3aJad, 3aJaHHBIX IS
CaMOCTOATEIILHOTO PEILICHNUS;

B XOJI¢ CEMUHApa J1aBaThb KOHKPETHBIE, YETKUE OTBETHI 110 CYIIECTBY BOIIPOCOB;

Ha 3aHATHM JOBOJUTH KAXAYK 3a7ady J0 OKOHYATEIbHOIO pEUIeHUS,
JEMOHCTPUPOBATh MOHMMAHUE TNPOBEACHHBIX pacyeToB (aHAJIU30B, CUTyaluil), B
cllydae 3aTpyJHEHHI 00paiiaTbes K MpenojaBaTento.

AcnupaHnTtaM, IpONYCTUBIIUM 3aHATUS (HE3aBUCHUMO OT IIPUYMH), HE UMEIOINE
MIACHbMEHHOIO PEIICHUS 3a/1a4 WJIK HE MOATOTOBUBIINECS K TAHHOMY IIPAKTHUYECKOMY
3aHATUIO, PEKOMEHIYETCS HE II03)KE 4YeM B 2-HENCNIbHBIM CPOK SBUTHCA Ha
KOHCYJIBTALMIO K IPENOJABATENI0 U OTUATATHCS IO TEME, U3y4YaBIICHCS HA 3aHITHU.
AcNHpaHThl, HE OTYUTABIIHECS 110 KAKI0W HE MPOPaOOTAHHOW UMH HA 3aHITHUSX TEME
K Hadajy 5K3aMEHAlMOHHOW CECCUM HE JIOIYCKAIOTCA K DK3aMEHY.

8. PecypcHoe o0ecnieuyeHue QM CHUATIAHBI

8.1. OcHOBHAa M JONOJIHUTEIbLHAA YUeOHAS JJUTEepPaTypa, He00X0AUMAS I
OCBOEHUSI JUCHUTITTHHBI

a) OCHOBHAS JIMTepaTypa:

1. OOmas Teopus TexHOJOTUH u Mukposnektponuka / ['.S.KpacHukos,
E.C.I'opues, 1.B.Mattomkun. — M.: Texnochepa, 2020. — 433 c.

2. llyka A. A. HanosnekTpoHuka: ydeOHOe mocoOue s BY30B. - M.:
JlabopaTopus 3uanwmii, 2019. - 342 c.

3. JlozoBckuit B. H., JlozoBckuii C. B. HanoTexHomorum B 3IEKTPOHUKE.
BBenenue B cnenuaibHOCTh [DIEKTPOHHBIA pecypc]: ydueOHoe mocodue. - CaHKT-
[TerepOypr: Jlans, 2019. - 332 C. — Pexum JocTyna:
https://e.lanbook.com/book/1139436)

JlonoiHMTEe IbHAA JTUTEPaATypA!

1. Boporuno K. A., MyxoproB B. M., CuroB A. C. HMHTerpupoBaHHbIC
CErHETORJIEKTPUUECKUE YCTpoicTBa: - M.: DHeproaromusaart, 2011. - 174 ¢

2. Kanyctun B. W., CuroB A.C. MarepuanoBeneHue u TEXHOJIOTHH
AJIEKTPOHUKH:yueOHOe ocodue /uist By30B. - M.: UHOPA-M, 2014. - 427 c.

3. Penxonkos JI. U., Jlesuna B. B., JI3umzurypu 3. JI. HanomaTtepuainbr:yueOHOE
nocooue. - M.:
BMHOM. JlaGoparopus 3nanuii, 2017. - 366 c.

4. Kocmuueckas annektpoHuka: B 2-x kH. // benoyc A., Conmoayxa B., IlIBegoB
C. M.: — Texnocdepa, 2015. — 635¢.,487 c.

5. Cokonos C. B., Tutos E. B. Dnekrponnka [ OnekTpoHHBIN pecypc]:. - MockBa:



l'opsiuass  ymnHug-Tenexkom, 2017. - 204 c¢. — Pexum  jocrymna:
https://e.lanbook.com/book/111101 VII: 11.04.04 TYMHD MIITUIT 2023.plx cTp.
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IIporpammMHoe o0ecnieueHue u MHTEpHET-pecypcehI:

1.  TlepcrexTuBHBIA TUTaH pa3BUTHA oOTpaciu — The International
Technology Roadmap for Semiconductors (http://public.itrs.net)

2. OcHoBHBIE HH(POPMALIMOHHBIE PECYPCHI OTPACIIH:

3. OrtpacineBbie xypHaabl Semiconductor International
(http://www.reedbusinessinformation.com), Solid State Technology

4, (http://www.reedbusinessinformation.com), KypHaI Elsevier,
MOCBSAIICHHBIN pa3paboTkaM B oOjacth MarepuanoBeneHus — Materials Today
(http://www.materialstoday.com/).

S. OcHOBHOI pecypc uHIyCTpun: www.semiconductor.net:

6. ['pynma Benynmmx KOMIAHWUK- NPOU3BOAUTENEH MOJYIPOBOJIHUKOBBIX

ycTpoiicTB: WWW.sematech.org.

8.2. Pecypchl MH(OPMALMOHHO-TEJIEKOMMYHUKANIMOHHON ceTu UHTEpHeT,
Heo0XoAMMBbIe ISl 0CBOEHH S JUCHUIIUHBI

1. http://library.mirea.ru/ nHayuno-rexaudeckas oudanoreka PTY MUPDA

2. https://e.lanbook.com/ snekTponno-6ubaKOTeUHas cucteMbl (DBC)
HN3narenbcTBa «JIanby»

3. MexayHapoaHbie JOPOKHBIE KAPThI PA3BUTHS TOTYPOBOTHUKOBOMN
NPOMBIIIICHHOCTH - https://www.semiconductors.org/wp-
content/uploads/2018/06/0_2015-1TRS-2.0-Executive-Report-1.pdf

4. MexyHapoHbIe TOPOKHBIE KApThI I TPUOOPOB U CUCTEM -
https://irds.ieee.org/

5. CTPATEI'MS PABBUTUSA DJIEKTPOHHOM ITPOMBIIIJIEHHOCTH
POCCHIMCKOM ®EJEPAIIMU HA ITEPHMOJT JIO 2030 TOJIA — caiit
Munnporopra

6. Acconuanus Mpou3BOAUTEIICH MOTYITPOBOTHUKOBBIX KOMITIOHCHTOB -
https://www.semiconductors.org/

7. TexHOJIOTMYECKHI MPOIECC B AIEKTPOHHON MPOMBIILIEHHOCTH MaTepHall
Buxkunennu -
https://ru.wikipedia.org/wiki/TeXHOJOTHYESCKUN_IPOIIECC B DJICKTPOHHOM _
IPOMBINLICHHOCTH

8. Caiir xypHasia DIEKTPOHUKA: HAayKa, TEXHOJOT s, OU3HEC -
http://www.electronics.ru/

9. Caiit xxypHana TexHOJIOTUS TBEPOTEIBHON AIEKTPOHUKH -
https://electroiq.com/

10.MaterialsToday caiit xypnaina - http://www.materialstoday.com/

11.MexayHapoIHbII pecypc AJisi MOMCKa U OOMEHA HayYHBIMU MTyOJIUKAUSIMU



https://e.lanbook.com/book/111101
http://www.sematech.org/
http://library.mirea.ru/
https://e.lanbook.com/
https://www.semiconductors.org/wp-content/uploads/2018/06/0_2015-ITRS-2.0-Executive-Report-1.pdf
https://www.semiconductors.org/wp-content/uploads/2018/06/0_2015-ITRS-2.0-Executive-Report-1.pdf
https://irds.ieee.org/
https://ru.wikipedia.org/wiki/Технологический_процесс_в_электронной_промышленности
https://ru.wikipedia.org/wiki/Технологический_процесс_в_электронной_промышленности
http://www.electronics.ru/
http://www.materialstoday.com/

- https://www.researchgate.net/

12.AHanu3 OCHOBHBIX TeHACHIMH pa3Butus otpaciu - WikiChip
(https://fuse.wikichip.org/)

13.He3aBucumerii aHamu3 npoaykiun - Techlnsights
https://www.techinsights.com/)

14.PyccKosi3pIYHOE HHTEPHET-U3/IaHNE O KOMIIBIOTEPHOU TEXHUKE,
WH(POPMAIIMOHHBIX TEXHOJOTHIX U MPOrPaMMHBIX MpoaykTax - IXBT.com
(https://www.ixbt.com/)

15.7KypHait 0THOT0O U3 OCHOBHBIX pa3paOdOTYMKOB MEPEIOBBIX
TEXHOJIOTMUECKUX MPOIIECCOB MUKPOIJIEKTPOHHOTO IMPOU3BOJICTBA
xommanuu IMEC - IMEC magazine (www.imecmagazine.be)

8.3. UndopmaunoHHbie TEXHOJOTUM, HCIOJIb3YEMbIE NPHU OCYIIECTBICHUU
o0pa30oBaTeIpLHOTO IIpoIlecca MO TUCIUILIMHE, BKIIOYAs TEPeYeHb MPOTPAMMHOTO
oOecrieueHus 1 HHOOPMAITMOHHBIX CIIPABOYHBIX CHCTEM:

— nakeT opucHbIx nporpamm Microsoft Office;

— maket oducHbIx nporpamm LibreOffice;

— cpena it pazpabotku mporpaMmmHoro odecnieuenus: Qt Creator 5.6.

8.4. MartepuajbHo-TexHUYeckass 0a3a, HeoOXoauMas [Jsl OCYILIECTBIEHUS
00pa30BaTeIbLHOrO MpoLecca MO TUCHUTIIINHE

— yudeOHas ayAUTOpUS;

— KOMIIBIOTEPHBIN KJIacC.


https://www.researchgate.net/
https://fuse.wikichip.org/
https://www.ixbt.com/
http://www.imecmagazine.be/

