OT3bIB
O(QHIHATBEHOTO ONMOHEHTA
HA TUCCEPTALIUEO
[MunsaaukoBa AHTOHA Banepreruda
«HccneoBaHKe METO0B (OPMHUPOBAHUS CTPYKTYP ¢ KDHTHIECKAMA pa3MepaMu
1o 10 HM 31eKkTpoHHO-IIy4eBo# nuTorpadueii Ha ocHoBe HSQ pesnctay,
IpeICTABIEHHON Ha COUCKAHNE YUCHOU CTEIeHH KaHIUAaTa (GU3HKO-
MaTeMaTHYeCKUX HayK
no crnermansHoctu 05.27.01 — TBepaOTEIIbHAS ANIEKTPOHKUKE, PATIHOITEKTPOHHEIE

KOMITOHCHTHI, MHKPO- ¥ HAHOSJIEKTPOHHKA, IPHOOPHI Ha KBAHTOBEIX 3(deKTax.

Juccepranyonnas pabota [lunuistnaukoBa A.B. mocssiiena npobieMam
JIOCTYDKEHUS MaKCHMaJIbHOIO pa3pellieHusl MPH HKCIIOJIB30BAHUH JIIEKTPOHHOTO
pesucta HSQ ¢ yderom mapameTpoB, ONpPESISIOIINX A030BbIC XapaKTSPUCTHUKH
pe3ucra (KOHTPACTHOCTE), a TakoKe NpobleMaM MHHUMH3AIUU IIepOXOBaTOCTH
Kpasi SKCIIOHMpYEeMOW JIMHUM UM BIMSHUSA dQdeKTa ANIEeKTPOHHOM OIU30CcTH, ¢
JANbHEHIIAM KM3YYEHUEM BO3MOXKHOCTEH HCCIeIyeMOro pe3WcTa IpH IepeHoce
TOIIOJIOTUH PUCYHKA B CJION (PYHKIIMOHATNBHBIX MaTCPHAIIOB. _

JlocTUrHYTBle B COBPEMEHHON HaHO3JIEKTpOHHKe cy6-10 HM KpuTHuUecKue
pasMepsl TOTIONOrHK 00YCIOBIEHB! UCIIOIB30BaHUEM TUTOTpa(uu ¢ MPUMEHEHUEM
riy0okoro ynerpaduonera. IlpeuMyluecTBa 3JIEKTPOHHO-TYYEBOM JIHUTOTpa(UN
3aK/IFOYAIOTCS B JIOCTHIKCHUM HEOOXOOUMOTO paspelieHHd 0e3 KCIIONb30BaHHA
KPYITHBIX KOMILTCKCOR obopynoBanus. Pesuct HSQ sgBnsercs oauum u3 mydmux ¢
TOYKY 3pPEHUS NOCTHKEHHUS BBICOKOTO Pa3pelleHuss TUTOTPadUH U HCIOIb3YeTCs B
HAYYHO-UCCIEIOBATETBCKUX paboTax C IIUPOKWM CIIEKTPOM IIPUMEHEHH:H, OT
npsMoro GOpMHUPOBaHUSA CTPYKTYpP HpPH CO3/aHHH OINTHYECKHX HOpPHUOOPOB A0
CO3NAHMS  IUTAMIOB B TEXHONOTHM  HAHOMMIIDHHTHHIA.  BEICOKOE
NIPOCTPAHCTBEHHOE pa3pellcHUe JIeNaeT TaHHBIA PE3UCT ONTUMANBHEIM B KA9eCTRE

MAacKu B IIPOIECCaX CYXOTO TpPaBICHUS NIpU TepeHoce peabeda ¢ BHICOKUM



paspellieHreM B ciio¥ (QYHKIUOHANBEHOTO Marepuana. TakuM obpasom, padota
IInmnsaHukoBa A.B., TOCBAIIeHHAas HCCIEIOBAHUIO XapaKTEpUCTHK DPE3UCTa
HSQ B mpoliiecce 3J€KTPOHHO-IYYEBOH nuTOrpadMd W €ro CpPaBHHATEIHHOU
IUTA3MOCTOMUKOCTH K IIHPOKOMY KpPYTY (QYHKIHOHAILHBIX MATePHAIOB SBJISETCS,
'HECOMHEHHO, aKTyallbHOM!.

Hucceprammus I1InmnsgaarkoBa A.B. conepxxut 114 ctpanun, 55 pUCyHKOB U
1 rtabiuiy, COCTOMT H3 BBCACHHS, [ATA IJIaB, 3aKIIOYEHHA M CIKCKa
HCIIOJIB30BAHHBIX HCTOYHUKOB.

Huccepraumonnas pabora IlunisnauxoBa A.B. HampaBneHa Ha
WCCIIeTOBAaHUE BIHUSHUSA (PaKToOpa TeMIEpaTyphl IIPOSBICHHS Ha OCHOBHBIC
NapaMeTPhl, BIUAIONME HAa MUHUMAIBHBIN pasMep W MaKCHMAallbHYK IUIOTHOCTH
CTPYKTYP, PealH3yeMBIX OJICKTPOHHO-IydeBOH muTorpadueil — IOKa3aTelb
KOHTPACTHOCTH PE3UCTa U IIEPOXOBATOCTE Kpas SKCIOHUpYyeMBIX IuHUM. Taxxe
paccMOTpPEHBI  BOTIPOCHI, CBSI3aHHBIE C KOppeKUMed BiauaHuA 3(ddexra
3JEKTPOHHOM  OJIM30CTH  METOAOM  KOMIIBIOTEPHOIO  MOZEIMPOBAHHMA.
Hccnenosanusa miasmocroiikoctu pesucta HSQ B mponeccax IIXT mno3somsror
3aKIHOYATE O BO3MOXXHOCTH IIPUMEHEHHUA pe3lcTa NpU CO3JaHUM ITPOTOTUIIOR
HAHOSIEKTPOHUKHA. JTO AKTYAIBHOCTh NPEICTABICHHONW IUCCEPTALMOHHOMN
paboThl ISl peLIeHus 3a/1a4 Pa3BUTUsI TEXHOJIIOTHUI MUKPO- U HAHOJIEKTPOHMKH.

Hay4yHble pe3ynbTaThl, IOIYYCHHBIE aBTOPOM JUCCEPTAIINH, SABIISIOTCS
HOBBIMH U OPUTHHAIBEHBIMH U 3aKITIOYAIOTCS B CIEAYIOIIEM:

e VYCTaHOBIEHA HEMOHOTOHHAS 3aBUCHMOCTH IIOKa3aTels KOHTpAacTa pe3ncTa

HSQ ot Temmepatypsl mposisieHns B BogHoM pactBope NaOH-NaCl (rnasa

3 npguccepranmu). B IutaHe yCWIEHWA KOHTpacTa II€PCIICKTUBHBIM

OKAa3BIBAETCHA HCMOJNB30BaHHEe KaK IIOBBIIEHHBIX, TaK H IOHMXEHHBIX

TeMIIEPaTyp OTHOCUTENBHO TPaAUIMOHHOM TeMIepatypsl 22 °C.

e DKCINECPUMCHTANBHO II0Ka3aHO, 4YTO TeMmmeparypa mposiBieHus -3 °C

[I03BOJIAET JIOCTHUTHYTH IIOKasaTensi KOHTpacTa Oojlee deM B J(Ba pasa

Gonplle TpaOWLIMOHHOTO (miaBa 3), YTO MO3BOMACT MOCTHUraTh MEHBIIHX



pazMepoOB CO3[aBaeMEBIX CTPYKTYp ¥ YMEHBIaeT BIHAHHE 3(dexra

OJIM30CTH.

e VYCTaHOBIIEH ITOAXOJ] IT0 CHIYKCHHIO IIEPOXOBATOCTH Kpas 3KCIIOHUPYEMBIX
B pesucte nuHuM (rnaBa 3). OKCHEPUMEHTANBHO IPOACMOHCTPHPOBAHO
BIIMSTHHE TEMIIEPATYPHI POSBICHAS HA TAHHEIH TapaMeTp. B cOBOKYIHOCTH
C YCHJIEHHEM KOHTPAcTa MOXHO CIENAaTh BBIBOJL O KOMIIIEKCHOM peIleHHH
3aaYd  YBEJIMYEHUS pa3pellieHus] pe3ucTa, YTO B HTOre ITO3BOJHIO
copMHUpOBATh IPYIIITY JUHUNA ¢ KPHTHIECKUMH pasMepaMu 9 HM.

e HccrmenoBaHbl OTHOCHTEIBHEIE CKOPOCTH TPAaBICHHUS K OOJBINOMY CITUCKY
(OYHKLIMOHAIBHBIX MAaTEPHUATOB: MOHOKPHCTAUIMYECKMHA KpPeMHHH, CIIOU
METALTHYECKOTO TaHTala U AUSIEKTPUKOB Si0,, AlLOs;, HfO,, SisNg, a
TAKKe MOPUCTOro low-K Ju3NeKTprKka Ha OCHOBE OPIraHOCHIMKATHOIO
CTEKJIA, HalIeHbI PEKUMBL IUTa3MOXHAMUYECKOTO TpaBIIeHHs,
ONITUMH3UPYIOIIHE CEJIEKTHBHOCTh AHWU3OTPOIIHOTO IUIA3MOXHMUYECKOTO
TpaBneHus (riasa 5).

IpakTuueckas 3Ha4MMOCTh PAabOTHI CBA3aHA C JIOCTHKEHUEM YIIyOIIEHHOrO
MOHUMaHHs QHU3UKO-XHMHUYECKHX CBOMCTB pesucta HSQ, mponeccos »nekTpoHHO-
nyquofo 9KCITOHUPOBAHUS, MPOIECCOB IIa3MOXUMHUUECKOTO TPABIEHHUS C LENEI0
TOCTHXEHHUS MPENEIHHO MAJIBIX HOMEPEUYHBIX Pa3MEPOB MPH BEICOKOM aCIIEKTHOM
oTHOIIeHWH. Pe3ynbrarel paboThl MOTYT HCIIONB30BATHCS IMPU CO3MaHUU HAHO-
MHKpPO-TIPHOOPOB ¢ Ype3BBIYAHHO IMHPOKOH OONACTHIO NIPUMEHEHHS: ONTHIECKHES
MeTaMaTEPUAIE], TPAH3UCTOPEI Ha OCHOBE HAHOIMPOBOAOB C OTHOAIOIIIM 3aTBOPOM
U Jp.

[Ipencrapnendy paboTy OTIMYAET BBICOKAs JIOCTOBEPHOCTDH IOJIYYEHHBIX
PE3YIBTATOB U CICIAHHBIX BBIBOJOB. DJTO JOCTHIAETCA 34 CYET UCIOIB30BAHHSA
IPOBEPEHHEIX METOJOB TEXHONOTHM ¥ TIPAMOTHOrO aHanusa IONyYEeHHBIX
PE3yIBTATOR.

OCHOBHBI€E pE3yJIbTAThl AUCCEPTAUN Oy OIIMKOBAHBI B HAYYHBIX XKYPHAJIaX,
perensupyembix B BAK u Scopus, I0I0KeHB! Ha pOCCHHACKHX U MEXIYHAPOIHBIX

KOH(EepeHnnIX, YpOBEHb U  KOJWYECTBO  IIyOMUKanui#  COOTBETCTBYIOT



tpeboBaumsaM «llomodkeHHs © IOpSAKe IPUCYKAEHHS YUYeHBIX CTeleHed B
pemakiuu [locranosnenus [IpaeurensctBa P® ot 24.09.2013 Ne 842 nnx
KaHAMIATCKIX AUCCEPTAIMN.

ABTOpedepar AuiccepTalMy NMPaBUIBHO M JOCTATOYHO IIOJIHO OTPaKkaeT ee
 ConepIKaHHe.

B TO Xe BpeMs HEOOXOIMMO OTMETUTH, YTO JUCCEepTaIlus He cBoOOIHA OT
HEIOCTATKOB.

B Mukpo- ¥ HAHOINEKTPOHHKE IPUMEHAIOTCA HE TOJIBKO HeraTHBHEIE
PE3UCTHI, HO U no3uTuBHEE. [IpoBeIeHNe H3TIOXKEHHEIX B paboTe HecleJ0BaHHH He
Toneko mas HSQ, HO um Juis Kakoro-Tubo MO3UTHBHOIO PE3UCTa BBICOKOTO
paspelieHys IO3BONMIO OBl PACIIUPUTH CIEKTP BEIMOJHAEMEIX 3JIEKTPOHHOH
nuTorpaducH 3a1ad.

Hcnonp3oBanne WHOCTPAHHEIX ab0peBHAaTyp B TEKCTe IUCCEPTALUU He
Bcerza onpapnaHo. Tak B 0030pe ymomuHaercst PSD — power spectral density, B To
BpeMsI KaK pPYCCKOE HaIlMCaHHe «CIIeKTpalibHas ILIOTHOCTh MOIIMHOCTH» TOXeE
gacto mpumernmo. «Notching» - nedext B npoueccax [IXT: noyemy Henp3s 6110
HCITOJIL30BaTh PYyCCKOI3BIYHBIN aHAIOT JAHHOTO cJioBa?

Hrxrss TPaHUIA TeMIePaTypel MPOSBIEHUS B SKCIEPUMEHTaX II0
U3YUYCHHUIO KOHTPAcTa U LIepOoXOBaTOCTU Kpast cocTaBmieT -5 °C. [ToueMy He OblIn
HCCIIeI0BaHbl TeMIIepaTyphl Hike — 5°C?

Konnentpanus 1menodu B BOAHOM pacTBope IposiBuTens Ha ocose NaOH-
NaCl cocraBnmger 1%. Uem oOycinoBneH BEIOOp HWMEHHO TaKOI0 3HAYCHUS
KOHIIEHTPAIIMH U [TOYeMY HEJIb3sl €€ YMEHBIINUTE/yBEIHNIUTE?

Ha pumc. 52(6) Texkcra guccepTalldy —IpeCTaBieHa 3aBUCHMOCTh
ceekTuBHOCTH TpaBimenns HSQ no otHomrenmio x Low-k aupnexkTpuky, Ha
KOTOpOM HabmrofaeTcss MaKCHMYM CENCKTUBHOCTH TPH HM3KHX IaBIEHUSX IIPU
HanpsokeHun cMenienus 84-150 B. JIeMCTBHTENBHO JIM 3TO MAaKCUMYyM, WIH B
npefenax IMOTPEIIHOCTA MOMXKHO CYAUTh O HEU3MEHHOCTH CEICKTHBHOCTH NPU

YKa3aHHBIX BBIIIC [IapaMCTpax.






