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3AT'AJIBHA XAPAKTEPUCTHUKA POBOTH

AKTyanbHicTh TemHu. [HdopmaTH3allisi CyCHUICTBA BHMAara€ CTBOPEHHS
HOBUX IIOKOJIIHb CHCTEM OOpoOKM, 30epiraHHs Ta mepeaadi TriraHTChbKUX MacHBIB
iHpopMmartii. s mporpecy y IIbOMY HampsMmi IMOTPIOHO CTBOPUTH HOBITHIO
€JIEMEHTHY 0a3y Ha OCHOBI JIOCSTHEHb HAHOEJIEKTPOHIKH, PO3POOUTH CHUCTEMU
30epiranHs iH(opMallii BEIUKOI MICTKOCTI, PO3BUTH EJEKTPOHIKY Ha THYUYKHX
TIEJEKTPUYHMX MMiIKIaInHKaX. BakimBe miciie y mporpeci CycrmiibcTBa 3aiMae i
po3po0Ka CHCTeM TeJNeKOMYHIKallii, HaBiraiii Ta TIIO3WIIIOHYBaHHSI Ha OCHOBI
HAJYyTIUBUX KPIOTeHHUX NpuiiMadiB. ToMy chOTOAHI 0COOJIMBa yBara HaJa€TbCs
PO3BUTKY HAHOTEXHOJIOTIH — Taly3l, M0 CHOpsSIMOBaHA Ha PO3YMIHHSI Ta
MaHIIMMyJTIOBaHHS MAaTepi€l0 Ha HAHOMETPOBHX MacmTabax 1 Ha BCTaHOBJICHHS
ocoOnmBocTel (PI3UYHUX MPOLECIB, 0 BUHUKAIOTH 1 MPOXOJATh Y HAHOPO3MIPHHUX
00'eKkTax, 1 BABUCHHIO MPUPOJIU IIUX MPOIECIB.

CTBOpEHHS MPUCTPOIB HAHOEJIEKTPOHIKM MOTpPeOye pO3pOOKH NPUHIUIIOBO
HOBHMX TEXHOJOTIYHHUX METOJIB CTBOPEHHS BUXIJTHUX HAHOCTPYKTYp 3 MPELU3INHUM
KOHTPOJIEM iX BIOPSIKOBAHOCTI, IPOCTOPOBOTO PO3TAllyBaHHs Ta TonoJorii. [lomyk
Ta JOCIIUKEHHS IUX METOJIB € MPEeIMETOM 3YCWIb YHCIEHHUX HAyKOBHUX
Jabopatopii 1 MPOMHUCITOBUX KOMIaHIH.

AKTyaqbHUM 1 TIEPCIEKTUBHUM [JIsi CTBOPEHHA OO0'€KTIB HaHO(DI3UKU €
PO3BUTOK HOBHUX 10HHO-TIJIA3MOBUX TEXHOJIOTIM, sSKi MOrau O J03BOJUTHU
MaHIIMYJIIOBATH BJIACTHUBOCTSMHU $K BHXIJHUX MarepiajiB Ha HAHOPIBHI, TaK 1
LIJIECOPSIMOBAHO ~ YMPABJIATA BJIACTUBOCTSIMU CTBOPIOBAHMX HAHOOO'€KTIB Ha
KOXXHOMY 13 TEXHOJIOTIYHMX eTamiB. [l BuUpilIeHHS 3a3HayeHuX mpo0sieM B
Inctutyti meranodpiduku im. I'. B. KypmiomoBa HAH Vkpainu Oyno cTBOpeHO
MPUHIIMIIOBO HOBE 10HHO-TJIA3MOBE BaKyyMHO-TE€XHOJIOTIYHE 00JaHAHHS HA OCHOBI
TeJIIKOHHOTO peakTopa 1 TUIa3MOBO-IYTOBHX NpHUCKOproBadiB. Ha iioro 6asi s
CTBOpPEHHsI 00'€KTiB HAaHO(13UKK OyJIM po3p0o0JIeHI HOBI METOAM CUHTE3Y BYTJICI|€BUX
HAHOCTPYKTYD, SIKI MOKYTh CTaTH OCHOBOI) HOBOTO THUITY €JIEKTPOHIKU — BYTJIELEBOI
MIKpPO- 1 HAHOEJIEKTPOHIKU. 30KpeMa, Ha OCHOBI BYTJICLIEBUX HAHOCTPYKTYP MOXKYTh
Oytu peanizoBani kBaHTOBI 2D, 1D, OD BuMipHi 00'€KTH, aKTUBHI 1 MaCUBHI 0a30Bi
€JIEMEHTH €JIEKTPOHHUX CXEM, a TAKOK CTBOPEHA HOBITHS paJlialllfHO- 1 TEPMOCTIIKa
esieMeHTHa 0a3a (MepeTuH noriuHaHHs TemioBux HeilTpoHiB y C — 0,0035 GapH, y
Si— 0,171 GapH).

PO3BUTOK €NEKTPOHIKM Ha THYYKHX MIAKIAAMHKAX (y TOMY YMCI Ha TOHKHUX
MOJIIMEPHUX TUTIBKAaX) MOTpeOy€e BIAMOBIIHUX HOBUX TEXHOJOTIYHUX mporeciB [1].
Tomy akTyalbHUM € poO3poOKa METOIB (bOpMyBaHHH poOounx mapiB i
TeTepOCTPYKTYp Ha THYYKHMX TMOJIMEPHHMX MMAKJIAJUHKAX, $Ki, B OCHOBHOMY,
SBJITFOTBCS TEPMONAOUTBHUMH MaTepiaiaMu, 1 Juisi sSKuX Tpeba 3abe3nedunTH
e(peKTUBHE BIIBEICHHS TEILJIa, [0 PO3CIIOETHCS B EIEKTPOHHUX CXeMaX.

3B's130K po00TH 3 HAYKOBMMU NPOrpaMamMM, TEMAMHU.

Po6orta BukonyBanach B IHctutyTi Metanogizuku im. I'. B. Kypaiomoa HAH
VYkpainu 1 Oyna yactunoro HJIP 3a Temamu: «YcTaHoOBKa sl IPEIU31HHOTO 10HHO-
M1a3MOBOTO  (POpPMYBaHHS BYTJIEUEBUX HAHOTPYOOK B €IUHOMY BaKyyMHO-
texHonoriyunoMy tukiai» (AP Ne0108U003096, 2008 p.); «BakyymHO-ma3mMoBui
MOAYJb JUIsl TEXHOJOTIYHOTO KOMIUJIEKCY BHUIOTOBJICHHSI €JIEMEHTapHOI 0a3u



HAHOEJEKTPOHIKK Ta MikpoeHepreTuku» (AP Ne0109U005592, 2009 p.); «Po3podka
TEXHOJIOT1i CTBOPEHHsSI (YHKIIIOHAJBLHUX BYTJICLEBUX HAHOCTPYKTYp Ha OCHOBI
HOBITHBOTO Ti1OpHUJIHOTO T'€IIKOHHO-IYTOBOTO 10HHO-TUIa3MOBOTO peakTopa» (/P
Ne0113U007251, 2012-2014 pp.; Coinpuuit npoekt HAH Vkpainum 1 YHTL);
«HaanpoBigHl 1 KBaHTOB1 BJIACTUBOCTI OaraTtomapoBUX T'€TEPOCTPYKTYpP Ha OCHOBI
dbepoMarHeTukiB Ta HOBITHIX mepcnekTuBHUX MmatepiamiBy (AP Ne012U001131,
20122016 pp.); «KBantoBuii TpaHCmOpPT B TIOPUAHUX HAAMNPOBIIHUKOBUX
HAHOCTPYKTYpaxX 1 10HHO-TUTa3MOBUX KOHJIEHCaTaXx Ta iX eJIEKTPOMArHiTHI
BractuBocTi» (JIP Ne0117U002130, 2017-2021 pp).

Merta ii 3aBJaHHA J0CJTiTKeHHA. MeTa poOOTH — CTBOPEHHS B TEIIIKOHHO-
JYyTrOBHX 10HHO-TIJIa3MOBUX mporiecax riopuanux rerepocucteM TiN/Fe, TiN/Fe/C ta
AIN, 3'scyBaHHA 0COOJMBOCTEH iX €JNEKTPOHHUX, MArHITHUX ¢ ONTUYHUX
BJIACTUBOCTEHN Ta MIKPOCTPYKTYpPH; BCTAHOBJICHHSI 3aKOHOMIPHOCTEM 1 3B'A3KY MIXK X
(GI3MYHUMH BIIACTUBOCTSMH Ta MIKPO- 1 HAHOCTPYKTYPOIO.

JUist  TOCSTHEHHsI 3a3HAaye€HOl METH OyJu TOCTaBJIEHI HACTYMHI HAayKOBI
3aBJIaHHS.

1. BuBuutu (hi3uKO-TEXHIYHI MOKJIMBOCTI 10HHO-IIJIA3MOBOI CUCTEMH T10pPHIHOTO
reJIIKOHHO-yTOBOT0 10HHO-TI1a3MoBoro peakropa (I'TIITIP).

2. Ha ocuoi I'TIITP po3pobutu ¢izuuni 3acagu (popmMyBaHHS 10HHO-TIa3MOBHUX
konjaeHcariB psaay marepiamis (TiN, AIN, Fe, C) Ha mieeKTpUIHKX ITiIKIaHHKaX, B
tomy guciti AIN Ha TepMOIaOUTFHIX TMOJIMEPHUX TUTIBKOBUX ITiTKIaTUHKAX.

3. Ha ocHOBI po3po0neHNX TeTIKOHHO-IYTOBUX 10HHO-TNIA3MOBUX TMIPOIIECIB
ctBoputH TidopuaHi rerepocuctemMu TiN/Fe, TiN/Fe/C Ha kpeMHi€BUX MiAKIaJIUHKAX
Ta AIN Ha KpeMHI€BUX 1 THYYKHX MOJIMEPHUX M1IKIAJUHKAX.

4. BUBUMTU €JIEKTPOHHI, MarHiTHI ¥ ONTHUYHI BJIACTUBOCTI Ta MIKPOCTPYKTYPY
ctBopeHux TiObpugHux rerepocucteM TiN/Fe, TiN/Fe/C 1 AIN Ta BCTaHOBUTH
3aKOHOMIPHOCTI 1 3B'I30K MDK iX (I3UYHUMHU BJIACTHUBOCTSIMHU Ta MIKpPO- 1
HaHOCTPYKTYPOIO.

O06'ext pocaimxenns: tiopugui rerepocuctemu TiN/Fe, TiN/Fe/C nHa
KPEMHIEBUX TMIJIKJIIAJIMHKaX 1 HAHOCTPYKTypoBaHl TUIiBKM AIN Ha KpeMHi€BHX 1
MOJTIMEPHUX T1IKIIaIHHKAX.

Ipeamer nocaimxenusi: Ilpouiecu ¢dopMyBaHHS, €JIEKTPOHHI, MarHiTHI H
ONTHYHI BJIACTHUBOCTI Ta MIKpPOCTpyKTypa riopuanux rerepocucrem TiN/Fe,
TiN/Fe/C Ta AIN.

Metoau AOCJIIIZKeHHS [4-Dyp'e-cnexkTpockomis, aTOMHO-CHUJIOBA
MIKpPOCKOITISI; €JIeKTPOHHA MIKPOCKOIIIS;, CKB1A-MarHiTOMETpis; TOCHIIKEHHS BOJbT-
amnepHux xapaktepuctuk (BAX); peHTICHOCTpYKTYypHHI aHami3; AuQpaxiis
B11I0MTHUX eneKTpoHiB (MeToa Kikydi).

HaykoBa HOBHM3HA OTPMMaHUX Pe3yJIbTATIB, III0 BAHOCSATHCS HA 3aXUCT.

1. Brmepiie BUABIEHO SBHILE BHUCOKOCHEPTETUYHOTO PEKUMY TE€IIKOHHOTO
po3psimy «[lmasmoBa  KoJoHa», TpU  SKOMY IUIa3Ma  BHUCOKOI  T'yCTHHH
PO3MOBCIOIKYETHCS 13 PO3PSATHOT KaMepH B TEXHOJIOTIUHY 30HY (Kamepy 0OpoOKH).

2. Brepuie orpumaHa perynispHa CTpykTypa HaHopenbedy po3mipoMm 2—10 HM
Ha miiBLl HiTpuay Ttutany (TiN) Ha MOHOKPHCTAIIYHOMY KpPEMHIIO, Ha SKii
CHUHTE30BaHI MarHiTHI MOHOJIOMEHHI HaHOKJacTepw 3ami3a (Fe).



3. Briepinie BusiBI€HO cyrepriapaMarHiTHui eext y Hanoctpykrypax TiN/Fe.

4. Bnepmie BCTaHOBJEHO, M0 Yy HaHOCTpykTypax TiN/Fe MoHOmIOMEHH]
HaHoKiacTepu Fe MaroTh ICTOTHO OUIBIIY MAarHiTHY aHI30TpPOINIO, HIX
MOHOKPHCTAJIIYHE 3a1130.

5. Brepiiie BcTaHOBIIEHO, 110 HAHOCTPYKTYPOBAHUM BYTJICIb, CHHTE30BaHUM Ha
Kiacrepax 3amiza (HaHoctpykTypa TiN/Fe/C), B nekiibka pa3iB MiJIBUILYE MarHiTHY
CIPUHHATIMBICTh MOPIBHSIHO 13 3pa3koMm 0Oe3 Byriento (HaHoctpykrypa TiN/Fe) i
HiABUIILYE TEMIIEPATypy CyleprnapaMarHiTHOI MEXi.

6. Bmnepme BcraHoBIEHO, MmO TpU KIMHATHUX Temmeparypax BAX
rerepocTpyktyp TiN/Fe/C neMOHCTpYIOTh BUHUKHEHHS CTaHIB 3 HYJIbOBUM
TuEepeHLIHHUM OMOPOM 1 TTaHTCHKOIO MPOBITHICTIO, III0 MOXe OYyTH 00YMOBICHUM
PE30HAHCHO-NIEPKOJISUIMHUM TPAHCIIOPTOM.

7. Bmnepuie BusBICHO e(QEKTH TMEPEMUKAHHS MEMPUCTOPHOTO THUITY Y
rerepocTpyktypl TiN/Fe/C Mi>k BACOKOOMHUM 1 HU3bKOOMHHUM CTaHAMH.

8. Bmepmie cuHTE30BaHI HAHOCTPYKTypoBaHi TumBKA AIN Ha THYYKHX
TEepMOJIa0IIbHUX MOJIMEPHUX MiJIKIaIKaX TedIIOH 1 Maitiap.

9. BcraHoBiieHO, 10 TOBEpXHsA OTpUMaHMX IUIBOK AIN XapakrtepusyeThcs
HAsIBHICTIO JBOX penbediB: Mikpopenseda 1 HaHopenbeda. CTpykrypa penbediB
3aJIeKUTH BiJl pOOOUUX TapaMeTPiB — TUCKY 1 4acy HaHECEHHS.

10. B nanoctpykTypoBaHMX IUITiBKax AIN, CHHTe30BaHMX Ha MOJIMEPHHUX
migKIaaKax 3 Te(aoHy Ta Maiiapy, BHSBICHO CMYTy 3aJMIIKOBUX IMPOMEHIB, IO
NPUBOANUTH 10 €PEKTUBHOTO OJI0OKyBaHHA [Y-BUNPOMIHIOBAHHS.

IlpakTHyHe 3HA4YEHHsl OJep:KAHUX Ppe3yabTaTiB. Ha OCHOBI Te€llIKOHHO-
JTyTOBUX JIKEpes TIa3MOBHUX MOTOKIB BUCOKOT TYCTUHH pO3po0eH0 (13UYHI 3acaau
(GbopMyBaHHS 10HHO-TJIA3MOBHX KOHJAEHCATIB [JIl CTBOPEHHS (PYHKI[IOHAIBHHUX
riopuaaux rerepocuctem TiN/Fe, TiN/Fe/C ta AIN.

PesynpTaTi  AOCHIDKEHHS  MarHiTHUX 1  pENAaKCallliHUX  SBHII Y
HAHOCTPYKTYpOoBaHMX rerepocTpyktypax TiN/Fe Bka3yioTb Ha MOXJIMBICTH
CYTTE€BOTO 3OLIBIICHHS IIUIBHOCTI MAarHiTHOIO 3alHCy 3a PaxXyHOK 1CTOTHOTO
3poCTaHHs KoedillleHTa aHI30TpoIii 3ai3a B HAHOCTPYKTypoBaHOMY cTaHi. CuHTE3
Ha MOBEPXHI HAHOCTPYKTYpPOBaHOTO 3aiiza ByrierneBux HaHOCTPYKTyp (TiN/Fe/C)
J03BOJISIE HAOJIM3UTHCS JO BUPIMICHHS TPOOJIEMH TOMOJaHHS CymeprapaMarHiTHOI
MEXI.

BusBnena acumerpuyHa ricrepe3ucHa mnoBeaiHka BAX reTepocTpyKTyp
TiN/Fe/C no3BoJisie peaizyBaTh Ha X OCHOBI HOBI MPHUCTPOI ISl 3alUCy AaHUX —
MEMPHCTOPH.

CrBopeni MynbTUCTIEKTpabHI [Y-PinbTpy HA OCHOBI 10HHO-TIJIA3MOBUX
KoHJieHcaTiB AIN Ha THYYKUX TOJIMEPHUX MIAKIAJUHKAX 3 Mainapy 1 TedoHy
NOTPiOHI IS HAAYYTIMBUX KPIOTEHHUX MPUHAMAIbHUX CHUCTEM HOBITHIX CHCTEM
nepemadi iHpopMarllii, TeIECKOMYyHIKalliii, HOBOi TeHepamii CHUCTeM HaBiramii i
MO3UIIOHYBaHHS.

OcoOucTuii BHecok 3700yBaya. Bci exkcnepuMeHTanbHI 3pa3ku  AJs
JOCTKEeHb OYyJI0 OAepXaHO IJUCepTaHTOM ocoOucto. JlucepTaHT Oe3mocepeaHbo
PO3pOOUB TEXHOJOTIYHI METOAM CTBOPEHHS 3pa3KiB, MOAECPHI3yBaB 10HHO-TIJIA3MOBHIA
peakTop 1 miIa3MoBi Jpkepena. 3m00yBad OpaB akTUBHY ydYacTh B aHami3l Ta
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TEOPETUYHINA 1HTEpHpeTallii oJiepKaHuX pe3yJbTariB, (POpMyBaHHI BHUCHOBKIB 1
HaIlMCaHHI CTaTeu.

Amnpobaunia pe3yabtartiB gucepramii. OCHOBHI pe3ylbTaTh JucepTallii
JOTIOBIIaMCs M oOroBoproBaiucs Ha 12 koHdepeHmisnx: 4-ta MixkHapo/iHa HayKoBa
koHpepeHIis «dizuko-xiMiuyHi ocHOBH ¢GopMyBaHHS 1 Mojaudikaimii Mikpo- Ta
HaHOCTPYKTYp», 6—8 xoBTHA 2010 p., XapkiB, Ykpaina; 6 u 8 MexayHapoaHbie
Hay4YHO-TeXHHUYECKHe KoH(epeHuu «Vacuum equipment materials and technology»
(13-15 ampenst 2011 r. m 16-18 ampenss 2013 r.), MockBa, P®; «Ykpainceka
KoH(epeHiist 3 (PI3UKH IJIa3MU Ta KEPOBAHOTO TEPMOSEPHOTO CHHTE3Y», 24—25
BepecHs 2013 p., Kuis, Ykpaina; IV International Scientific Conference «Nanoscale
Systems: structure, properties, technology» NANSYS-2013, 19-22 November 2013,
Kiev, Ukraine; XXI Ilopiuna HaykoBa koH(pepenuis [S]] HAH VYkpaian, 27-31
ciuns 2014 p., Kuis, Ykpaina; X International Conference «Electronics and Applied
Physics», 22-25 October 2014, Kyiv, Ukraine; Ukrainian—-German Symposium on
Physics and Chemistry of Nanostructures and on Nanobiotechnology, 21-25
September 2015, Kiev, Ukraine; International research and practice conference
«Nanotechnology and Nanomaterials NANO-2015», 26-29 August 2015, Lviv,
Ukraine; The 14th International Conference on Functional and Nanostructured
Materials FNMA’17 & The 7th International Conference on Physics of Disordered
Systems PDS'17, 25-29 September 2017, lvano-Frankivsk, Ukraine; IEEE 8th
International Conference on «Nanomaterials: Applications & Properties (NAP-
2018)», 9-14 September 2018, Zatoka, Odesa region; FMIE-2019 «Functional
Materials for Innovative Energy», 13-15 May 2019, Kyiv, Ukraine; Xlth
International Scientific and Practical Conference on Electronics and Information
Technologies (ELIT), 16-18 September 2019, Lviv, Ukraine.

Iyoaikanii. 3a MaTepiasiaMmu auceprallii omyOJIiKoOBaHO 26 HAYKOBUX Ipallb,
cepen skux 13 crareid y BITUYM3HSHUX Ta 3aKOPJAOHHUX HAyKOBHX (haXOBHX
XKypHanax, 1 po3nin y koJeKTuBHINA MoHOorpadii Ta 12 mparts 1 Te3 KoHdepeHIIii.

Ctpykrypa Ta 00'eMm podoTH. /[ucepraliis CKIagaeTbcs 3 aHOTAIlli, BCTYIY,
OTJISIZIOBOTO PO3/LTY, TPHOX OPUTIHATIBHUX PO3JLIIB 1 3arajibHUX BUCHOBKIB. PoOoTa
Bukiasiena Ha 202 cropidkax 1 MicTuTh 16 Tabnuiri, 96 pruCyHKH 1 CHUCOK JITepaTypH
BITUM3HSIHUX 1 3aKOPIOHHUX aBTOpiB 31 158 HaiimeHyBaHb.

OCHOBHUM 3MICT IMCEPTAIII

VY Beryni oOrpyHTOBaHO aKTyaJIbHICTh TEMU JIUCEPTAallil, BUCBITIEHO ii 3B'I30K
3 HAYKOBUMHU MporpamamMu, chopMysIbOBaHO METY 1 OCHOBHI 3aBAaHHS JOCIIKEHHSI,
00’€KT 1 IPEAMET JOCIHIIKEHHS, MOKa3aHO HAYKOBY HOBU3HY OTPUMAaHUX PE3YJIbTATIB
Ta iX MPaKTUYHE 3HAYECHHS, OMMCAHO CTPYKTYpPY 1 00'eM IucepTariii.

Po3ain 1 nmpucBgueHo Oriisgly HAyKOBHX Ipallb 3 10HHO-TIJIa3MOBUX METOJIB Y
TEXHOJOT1l OTPUMAaHHSA TOHKUX IUTIBOK. PO3TISHYTO MarHeTpoOHHUN METox,
IJIa3MOBO-AYTOBHI METOJ] Ta PO3BUTOK KaTOIHO-IAYTOBUX JHKEPEN, METOJ XIMIYHOTO
OCaJDKEHHsI 3 Tra3oBOi (pa3u aKTUBOBAHOI BUCOKOYacTOTHOHO Masmor (PECVD),
MOKa3aHa TMEPCIEeKTUBHICTh TEIIKOHHOTO JDKepena Iia3Mu  JJid  OTpUMaHHs
HAHOCTPYKTYPOBAHHUX IUTIBOK IS MOTPEO MIKPO- 1 HAHOEIEKTPOHIKH.

Y po3aini 2 po3rasHyTo OynoBy Ta (hi3UUHI NPUHIMIHA POOOTH TiOPUIHOTO
TeIKOHHO-TYyrOBOTO 10HHO-Ta3mMoBoro peakropa (I'TIIIP) (puc. 1). Pospsana
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masmoBa kamepa ['TJIITTP ckiamaeTbest 3 TphOX TEXHOJOTIUHUX MOJYIIB: PO3PSIHOT
KaMepu TeNIIKOHHOTO JpKepena, apeiidoBoi kamepu, kamepu oOpodseHHsa. OnucaHo
METOAM JocCHiKeHb. [IpencraBieHo pe3ylbTaTd JIOCHIIKEHHS XapaKTEPUCTHUK
pO3po0JEHOr0  TENIKOHHOTO  JpKepesla  IUla3Md  Ta  [JIa3MOBO-IyTrOBOTO
NPUIIBUAIIYBaYa. 30KpeMa, MPEICTABICHO JOCIIPKEHHS BIUIMBY MAarHiTHOTO TOJIS
HA BUHUKHEHHS TeJIIKOHHOTO pPO3psAy Ta MPOCTOPOBUM po3moAin nmoriauHaHHs BY-
notyxHocti. [lokazaHo, 1m0 3a BIJACYTHOCTI MAarHiTHOro mojis BBeaeHHs BU-
NOTY)KHOCTI Yy TUIa3My BiOYBa€ThCs MOONHM3Yy AHTEHH Yy TOHKOMY IMOBEPXHEBOMY
mapi (ckin-mapi) ToBmmHOK 1-1,5 cM, a 3 HaknaJAeHHSIM MarHiTHOro moisss BU-
MOTY>KHICTh MOTJIMHAETHCSA B 00'eMi MIa3Mu dyepe3 30yIKEeHHS TeTIKOHHUX XBUIIb Ta
HOIIMPEHHS 1X yrau0 1uiasmu (puc. 2). BuBueHo 3anexHIiCTh OMopy HaBaHTaKEHHS
IJ1a3MHU BiJ ii TYCTUHU 3a PI3HUX 3HAYEHb TUCKY po00OYOro razy Ta MarHiTHUX IOJIIB.
OOroBopeHo 2 pexXKuMHU pOOOTH T€IIIKOHHOTO JKepeaa — BITOMUN PEXUM 00 €MHOTO
PO3psily Ta BUSBICHUM HOBUN PEXUM «IU1a3MoBa KojloHa» (puc. 3). ['yctuna mia3zmu
B PEXHMI «I1JIa3MOBA KOJIOHa» B TEXHOJIOTIYHIHN 30H1 B 2,5 pa3u MepeBUILY€E TYCTUHY
11a3Mu 00'€MHOTO PO3PSIY.

AHxTeHa

BY reneparop JlieTeKTpIraHe BIKHO

Hamyckrazy —

Hpetipora kamepa

Pospsaana xkamep [Ina3moBo-
XX QyTOBHIT
-D MPIICKOPIOBaY
Bxin
O0epTaHHs 57757
CTONMHKA - S~ Onriunmit
Can l ' CIIEKTPOMET
Kamepa 2 2 ‘\3 P P
obpooKm~y gy . ™~ g 22O HA
- ' ; 3MIIICHHSA
Kepyroua kotymika Bigkauxka

Puc. 1 Cxema riOpuaHOTO reikoHHO-IyTOBOr0 10HHO-TIJIa3MOBOTO PEaKTOPa.

B=0Tc B=150Tc
2@
ol

v,‘(\

Puc. 2 IIpodini nornmuHaHHs
BY notyxHOCTI B 00’ €M1
ma3Mu 0e3 MarHiTHOTO MO
(ICP-po3psn) (a) i mpu
maraiTHomy noii 150 I'c
(remikonnwmii po3psn) (b) mpu
tucky aprony 50 mTopp.

P, (MBT/CM’)

Puc. 3 O6'emunii reikoHHUHN po3psn (a) 1
HOBHI TeTIKOHHUNA PO3PST
«Im1a3MoBa KoyoHay (0).



Puc. 4 KepyBaHHs m1a3MOBUM
MOTOKOM ILJIa3MOBO-yTOBOTO
npuckoproBaya (ITIT).

Bes nmosopory ITosopor 70° ITosopor 90°

BusBneHo edextu KepyBaHHS B IPOCTOPI IMJIa3MOBUM MOTOKOM ILJIa3MOBO-
nyrooro mnpuckoproBaua (ITHIT) (puc. 4). Ilpu 1mpomy BigOyBaeThcsi e(heKTHBHA
cemaparlis BiJl MIKpoOKpamnenabHoi (a3, 10 J03BOJISE OTPUMYBATH BHUCOKOSKICHI
wiiBky. [IJIII mo3Bonsie oxaepkyBath OaraTOKOMIIOHEHTHI IUTIBKH TOTPiOHOTO
CKJIany.

Y po3aiai 3 mpencraBieHO pe3ysibTaTh CTBOPEHHS Ta BUBYCHHS (PI3MUHUX
BJIACTUBOCTEHN TIOpUIHUX HAHOCTPYKTYP, IO MICTATHh BYTJEIb, AKI MOXYTh CTaTH
OCHOBOIO HOBOT'O THILy €JIEKTPOHIKM — BYIJIELIEBOI MIKPO- 1 HAHOEJIEKTPOHIKU. J1Jist
pOr0, Ha MEpIINX eTanax, HEOOXIJHO CTBOPUTH MPOCMOpPOBO PETYyIbOBAHE
cepeloBulle, ke O 3a7aBalio MOYATKOBY MPOCMOpPO8Y CTPYKTYPY (apXiTEKTypy)
0a30BUX HAHOCTPYKTYp. g 1boro OyB BUKOPUCTAHUN MOTYXHUU TEXHOJIOTTUHUM
IHCTPYMEHT: BaKyyMHO-TE€XHOJOTTYHUN KoMmIuiekec Ha ocHoBl ' TIITIP. PoGotu Oynu
cupsiMoBaHl Ha cuHTe3 TiOpuaHux rerepocucteM TiN/Fe/C Ha migkiIagIuHKax
MOHOKPHUCTAJIIYHOTO KpeMHil0 (Si), B SIKMX HaHOCTpyKTypoBaHui Byrieub (C) B
pexxumi PECVD cuHTe30BaHMil Ha KaTaIITUYHUX IIEHTpax — kiacTtepax 3aiiza (Fe).
[TouarkoBuil penbed 0a30BOI CTPYKTYpPOBAHOI MOBEPXHI CTBOPIOBABCA OOPOOKOIO
MOBEPXHI MOHOKpUCTaNiyHOTrO Si 1 GopMyBaHHAM Oydepnoro mpomapky TiN y
remikoHHiN mmasmi Hamsucokoi ryctuHm (~ 10'2 cm®) y pisHmx TexHOMOriYHMX
peXUMax.

Ha puc. 5 mpeacrasineno gani CTM mnosepxHi TiN 13 BHOOpsiIKOBaHOIO
PETYISIPHOIO CTPYKTYPOIO 13 KpOKOM =~ 12 HM 1 Bucororo =5 HM. Ha BepxiBkax
(«ropbax») cTpykTypoBaHOi TOBepxHi Oymu cdopmoBani kiacrtepu Fe, ski
BUKOPHMCTaHI K KaTaTITUYHI EHTPHU JUTIsl JOPMYBaHHS BYIJICIICBUX HAHOCTPYKTYP.

am] [ k"
QM aaVA

10.0 nm Z0.0nm 300nm 400nm  50.0 nm

Puc. 5 Hanoctpykrypa nmoBepxni TiN na Si—Si/TiN (mani CTM).

MarnitHi BiacTuBocTi rerepoctpykryp TiN/Fe wa Si (3.4) nocmimkeHi Ha
ckBig-maraeromerpi MPMS-XL5. Ha (puc. 6) mpeacraBiieHi pe3yiabTaTd BUMIPIB
TEMIEpaTypHOI 3aJIe)KHOCTI MarHiTHOTO MOMEHTY m IUTIBKOBUX T'€TEPOCTPYKTYD
TiN/Fe B inTepBani temmnepatyp Bix 5 no 300 K ans opieHrtaniii MarHiTHOro moJst
y3I0BXK Hj 1 meprneHauKysipHo HL TUTONMHI TAKIAIUHKA PU JBOX 1X 3HAYCHHSX



Hi1=100 E 1 H, = IkE B pexxumi ZFC (oxoJiokeHHs B HyJIboBoMY 1oJii o 7= 5 K) 1
FC (oxonomxkenHs B 1moJi). 3 puc. 6 BUIHO, IO 3pa30K MA€ IOCUTh CUIIbHY MarHiTHY
aHI30TPOIIII0, @ TAKOXK JAEMOHCTPYE pellaKcalliiiHil SBHUIIA, MOB'sI3aH1 3 OJIOKYBaHHSAM
MarHiTHOro MOMEHTY HAaHOYacCTHHKHU mpu Temmeparypi Tz = 42,2 K. Ilpu mpomy
MarHiTHa aHi30Tpomis ci1abo BIUIMBAaE Ha TeMmreparypy OjokyBaHHs 1. IlomiOHa
MOBEIHKA MAarHITHOIO MOMEHTY XapaKTepHa JJi cyneprapaMarHeTusmy, sKui Moxe
IPOSIBIISITUCS B OJHOJIOMEHHHMX YacTUHKax [2]. 3a po3paxyHKaMu po3Mip YaCTHHKH,
IIPU SKOMY i €HEPTEeTUYHO HE BUTITHO CTBOPIOBATH 0AraToOMEHHY CTPYKTYpPY, IS

knacuuHux gpepomaruetukis Fe, Ni, Co ctanoButs = 10 M [3].

0,00018 000070 ]

SiTiN-Fe
0,00016 m=10 75 mg %ggggg‘
0,00014 neloeE —0,00055

Si-TiN-Fe

2-HIIFC o176

S
£ 0,00012 0,00050
o D 0,00045
E 0,00070 4 — 000040 ] 1-H Il ZFC
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000004 - 600020

00000244 3 _ 0000154 3_H1 ZFC

3-HLZFC 000010
0,60000 : : : : : T T T T T
0 50 100 150 200 250 300 ] 50 100 150 200 250 300 |
T (K) T (K)

Puc. 6 TemnepaTypHi 3aJIe)KHOCTI MarHiTHOr0o MOMEHTY m rerepoctpykrypu TiN/Fe.
Marsnithe none (H; = 100 E (A) 1 H, = 1 xE (b)) — mapanensue Hy (xpuBi 11 2) 1
nepneHauKynsapue Hi (kpusi 3 1 4) MIOMIKMHI KPEMHIEBOT M1 IKJIaIUHKH.

3a 3akoHoM Kropi—Belicca 1 3akoHOM HaOJIMKEHHS J0 HACHUYCHHS 3a
EKCIIEpUMEHTAJbHUMU  JTaHUMHU  OyJlM  poO3paxoBaHl MapaMeTpy  MarHiTHUX
HaHokJactepiB Fe chepuunoi hopmu (Tadm. 1).

Tabmuus 1. [lapameTpu MarHiTHUX MOHOJOMEHHUX HaHOKIacTtepiB Fe, Bu3HaueHi 3a
EKCIIEPUMEHTAJILHUMU TEMIIEPATYPHUMHU 1 TOJHOBUMH 3aJIEKHOCTSIMU MAarHiTHOTO
MomeHTy rerepoctpyktypu TiN/Fe.

H, xE H| mouuHi miiiBKu H-L mromuHi maiBKu
C, 0., K Mel, Ra, A |C, 10%emo'K 0., K |Ma, 10 -emo Ra, A
10~*-emo-K 10-18-emo
0,1 75 -840 1,2 25 0,6 —254 0,1 11,1
1 49 -924 0,76 21,8 0,8 -418 0,13 12,2

Ha xpuBiii 00epHEHOT Mar"iTHOI CIPUUHATIAMBOCTI (pUC. 6) crocTepiraeTbes
3nam npu temneparypi 7' = 150 K, mo moxke OyTH moOB'Si3aHO 31 CTPYKTYpHUMU
3MIHAMM TUTIBKM 1 BHHUKHEHHSM cyneprapamarsetusmy. [3 Tabn. 1 BugHo, 110
MaroTh MICIIE MarHiTOCTPUKIIIHI sSBUIA B KiacTepax Fe, ockiibku 31 301IbIICHHSIM
MarHiTHOTO TIOJIS ICTOTHO 3MIHIOETHCS MMapaMarHiTHa Temrieparypa 6; 1 KOHCTaHTa
Kiopi C;, 0coO6nMBO KOJIM TOJIe NEPHEHAMKYJSIpHE IUIOHMHI TUnBKA. OcoOaMBO
3a3HAYMMO OIU3LKICMb PO3PAXOBAHUX 3HAUEHb pO3Mipie HaHOKIACTEepiB R¢ (Tadm. 1)
3 po3mipamu HaHOCTpYKTypH TiN Ha miakmagunii Si, orpumanumu y CTM (puc. 5).

BUKOpUCTOBYIOUM €KCIEpUMEHTaJIbHI JaHl JUIsl KOEpPUMTHUBHOI cwin Hej 1



TeMmreparypu OJIOKyBaHHS 15, Oynu TIpoaHaIi30BaHI aHI30TPOIHI BJIACTUBOCTI
MarHiTHUX 4acTUHOK Fe. 3okpema, mpu Temmeparypi 7 ToJie KOEPIUUTUBHOCTI
BUPaXKAETHCS Yepe3 TeMIeparypy 010KyBaHHS 1.

T
Hcoerr (T) = Hcoerr (0) 1-.|=— k, (1)

TB
ne Heoerr(0) = 2K/m, — koepruTHBHA CHIIa 3a HYJIBOBOI TEMIIEPATypH, KOCQII[iEHT

k=10,5 BpaxoBye XaOTHYHHI PO3MOJALT MAarHITHUX MOMEHTIB JUIS HEPiBHOBa)KHOI
HamarHideHocti. [ligcramsitoun B (1) Heoerr(T) = Hep, ipu 7= 5 K misa Tg = 42,2 K
OJIEP’KYEMO BETMYMHY KOHCTAHTH aHi30TpoInii MarniTHux knacrepis Fe Kg = 1,1-10°
epr/cm®, sKa iCTOTHO GibIIA KOHCTAHTH aHI30TPOIIi I MOHOKPUCTAIIYHOIO 3aj1i3a
Kre = 4,6-10° epr/cm®. Taka BIacTUBICTh XapaKTepHA I HAHOKPHUCTATIYHOTO CTaHYy,
KOJM 31 3MEHIICHHSIM pO3Mipy MAar”iTHOro KjiacTepa BiJIHOLIEHHS NOBEPXHI 0
00'eMy 3pocTae, 110, y CBOIO Yepry, IPUBOAUTH 10 POCTY aHI30TPOMIi HAHOYACTUHKH
[4].

3a3HauMMO, 10 E€JEKTPOHHI MPHUCTPOi, CTBOPEHI Ha OCHOBI ILIbOTO
cylepriapaMarHiTHOro MaTtepiaity, 3MOKYTh MPaIfOBaTH JIUIIIE 32 TEMIEPATyp HUXKUIE
150 K, ockinbKy MpH BUIIMX TEMIIEpaTypax MarHiTHUM MOMEHT MiJ| J1€10 TETUIOBUX
GbaykTyaliii BUMaJKOBO 1 CHOHTAaHHO 3MIHIOE CBiM Hampsmok. L{g BmacTuBicTh Mae
HAa3BY CYnepnapamacHimuol mMeici.

Crpykrypu TiN/Fe/C 6ynu cTBOpeHI CHHTE30M BYTJICLIEBUX HAHOCTPYKTYpP Ha
HaHokiactepax 3amiza PECVD-meronom ocamkenns C 3 razopoi ¢aszu B I'TIIIP B
€IMHOMY BaKyyMHOMY 1Lukii. Ha puc. 7 mpeacraBiieHl TeMmIepaTypHI 3ajeXHOCTI
MarHiTHOoro MomeHty M rerepoctpyktypu TiN/Fe/C, siki 1eMOHCTPYIOTh CUJIBHY
aHI30TPOMII0 1 MayNiBCbKUI XapakTep IMOBEIIHKM MarHiTHoro MomeHTy. Ha
3QJIEKHOCTSIX HE CIOCTEPIraloThCsS OCOOJIMBOCTI, SIKI TIOB'SI3aHI 13 HASBHICTIO
cyneprnapaMarHiTHoi Mexi. Takoxk crocTepiraeMo MIABUUIEHHS TeMIlepaTypu
onokyBanHs 15 10 ~ 180270 K g H =100 E 1 o =~ 90-120 K myst H = 1 xE.
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Puc. 7 TemmepaTypHi 3aJ€KHOCTI MarHiTHOro MOMEHTY M TeTepOCTPYKTYpH
TiN/Fe/C. Marnitae noste (H = 100 E (A) i H = 1 kE (b)) — napanensue (kpusi 1 i

2) 1 nepneHauKyIsipHe (KpuBi 3 14) MIIOMMHI KPEMHIEBOT MiIKIaIMHKH.

Byno mpoBemeHO OIIHKY BHECKY BYIJICIIEBUX HAHOCTPYKTYpP Y BEIHYUHY
MarHiTHoOi copuiHsATIMBOCTI. Ha puc. 8 mpencraBieHi TeMrmepaTrypHi 3aJI€KHOCTI
piBHOBaXHUX (FC) Mar"iTHux cnpuiiHATIuBOCTeM Mg rerepoctpyktyp TiN/Fe/C
(xpuBi 11 2) 1 TiN/Fe (xpusi 3 1 4) y maraitHux noiasx Hy= 0,1 1 1 xE B miomuni



IUTIBKK (Kpanmku — €KCIEPUMEHT, JIiHIT — CIUTaiH-1HTepnoLisa). 3 puc. 8 BUJIHO,
0 31 30UIBIICHHSAM BEJIMYMHU MArHITHOTO TOJIS MarHiTHa CHPUHHATIMBICTH BCIX
3pa3KiB ICTOTHO 3MeHIIyeThbes. [Ipy IbOMY BHECOK HAHOCTPYKTYPOBAHOI'O BYTJICLIIO Y
BEJIMYMHY MarHiTHOI COPUUHATIMBOCTI CTPYKTYPHU € BUSHAYAILHUM.

['ycTuHa eNeKTpOHHUX CTaHIB OKPEMHUX BYIJICLIEBUX HAHOTPYOOK Ha piBHI
®depmi HU3bKA, TOMY CITIHOBA MarHiTHa COPUUHATIMBICTH BYTJICLIEBUX HAHOCTPYKTYP
noBUHHA OyTH HHU3BKOI0 ~ 107 emo/r. Y HamoMy Bumajgky pisHHIS Mac ILTIBOK
TiN/Fe i TiN/Fe/C =102 r, ToO6TO MacoBa MarHiTHa CIPUUHATIAMBICTL I
PO3IUISHYTOI CHCTEMM HAaHOCTPYKTYp Oyne mopsaky 107 emo/r, mo Ha 5 mopsiaxis
BUILE, HIX /U1 3BUYAHHUX BYTJCHEBUX HAHOTPYOOK. MoO’KHa MNPUIYCTUTH, IO
MIPOXOJUTh KOJCKTHUBI3AIlSA EJICKTPOHIB KJAcTEepiB 3adiza 13  eJICKTpPOHAMHU
BYTJICLIEBUX HAHOCTPYKTYp. KOJEeKTHBI30BaHI €JIEKTPOHM 3ajli3a B3aEMOMIIOTH 3
BYTJICLIEBOIO MM1JICUCTEMOI0, 1CTOTHO 30UIBIIYIOYM TYCTHUHY €JIEKTPOHHUX CTaHIB Ha
piBai depMi, 10 MPUBOAUTH /10 3HAYHOTO 3POCTAHHS MATHITHOI CHPUHHSATIMBOCTI
rerepocTpykrypu TiN/Fe/C y mopiBHSHHI 3 BEIWYHMHOK CIPUHHATIMBOCTI IS
TiN/Fe (0e3 Byrieuro). OTpumani pe3ylbTaTd MHIATBEPIKYIOTH MOMXIUBICTH
1ICTOTHOTO 30UIbIIIEHHS KoedillieHTa aHI30TPOMii 3ali3a B HAHOCTPYKTYPOBAHOMY
CTaHl JJig 30UIbLIEHHS IIIJIBHOCTI MAarHiTHOro 3amucy. BuUKopucTaHHS BYyTIJIELEBHX
HAHOCTPYKTYp JO3BOJISi€ HAOIM3UTUCA [JI0 BUPINICHHS MPOOJEMHU MOJ0JIaHHS
cyneprnapamMarHiTHOI MEXi.

"Yq

O i

% Puc. 8 TemneparypHi 3a1eKHOCT1
N 6 [ 1 piBHOBaxkHUX (FC) MarniTHux
= CltIpI/II\/)IHSITJ'H/IBOCTFCI\/)I. JUIsl TETEPOCTPYKTYP
T 31 { TiN/Fe/C (xpusi 11 2) 1 TiN/Fe (kpuBi 3 i 4)
Z | i B MarHiTHUX nomsix H =0,1 (xpusi 113)1
——g 1 kE (xpusi 2 i 4).
0 : : ;
0 100 200 300

Sk mokasaB Hall eKCIIEPUMEHT, 3MILLIEHHS CylneprnapaMardiTHOT MeXI1 10 OUIbII
BHUCOKHX TEMIIEPATyp MOKHA JOCATTH MPHU CUHTE31 Ha OCTPIBIIX 3ai3a BYTJIEIEBUX
HAHOCTPYKTYp, 1o Oyno 3aificneHo PECVD-meromoM ocamxeHHSIM ByTJeliO 3
razoBoi (azu B ['TAITIP B etuHOMY BaKyyMHOMY LIUKJIL.

VY migpo3aimi 3.4 HaBeneHo pesynbTatd gochimkeHHs BAX HanoCTpyKTyp
TiN/Fe/C. BusiBneHo, 110 B 3aJ€KHOCTI BiJi peXXMMy OTPHUMaHHS 3paskiB, (opma
kpuBHX Ha BAX Moxe OyTH sSIK JiHIHHOIO (OMIYHOIO), TaK 1 1HIIOTO BHUIY. SKIO Ha
¢biHanpHIN cTaaii oTpuMaHHs HaHOCTPYKTYpH TiN/Fe/C, micnis 3aBepileHHs npolecy
PECVD, 3pa3ok oOpoOJisiBCs B TU1a3Mi T€IIKOHHOTO po3psiay B pexumi «llmazmona
KOJIOHa», oro BAX mpu KiMHAaTHUX TemrepaTypax JEMOHCTPYBaJIA BUHUKHEHHS
NpU pI3HUX Hampyrax (B Aiama3oHi KUIBKOX MUTIBOJIBT) CTaHIB 3 JAu(EpeHI HHUM
ornopoM OJu3bKUM A0 HyJs (puc. 9). BaxinBoro 0CcoO0IMBICTIO IMX CTaHU € Te, IO
MOXYTb crioctepiratucst BAX npubiau3Ho 3 HylIbOBUM AUGEPEHIIHHUM OIOPOM MpU
Hanpy3i 3MmimeHHss V = 0. B npomy cTaHi OTpUMYEMO «TITaHTCHKY» MPOBIIHICTH
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3pa3ka, sKa MpUOJIM3HO Ha JIBa MOPSJIKU OUIbIIa, HDK Yy Mial. CTpyM IpH [IbOMY MIT
nocsiratu 100 MA, a iioro ryctuna — 1,3-10% A/em?,

BunuKkHEHHS TIraHTCHKOI MPOBITHOCTI MOXKE OyTH 1HTEPHPETOBaHE B paMKax
tyHenpHO1 Momemi [5]. Jlas cuctemu aBox Oap'epiB, MK SKUMH 3HAXOJUTHCS
IPOBIIHUN MPOMIXKOK IIMPUHOIO d, aMIUTiTyJa HMOBIPHOCTI MPOXOKEHHS depes
npomixkok S = eXp(ikd) (tyr kK — xBuiboBe uncio enekrpona) [6]. Skimo cTpykrypa
HEOJHOPIIHA 1 B PI3HUX AUITHKAX 1B0OAP'€pHOTO IMepexory TOBIIWHA 0 3MIHIOETHCS B
IMIMPOKHX MEXKaX, Tak 10 JA00yTok Kd 3MiHIOETBCS BiJ HYyJsA 70 T, TO OJEPKUMO
HMOBIPHICTb ITPOXOKEHHS 1BOOAp'epHOro nepexoay sk ¢pyHkiio kd. MoaemoBaHHs
MoKa3ye, 0 B OUIBIIOCTI BUMAJKIB MMOBIPHICTH IPOXOHKEHHS Maja, ajie € Taki
n00ytku Kd (ToOTO € Taki AUISHKH), 1e HMOBIPHICTh ITPOXO/HKEHHS Yepe3 Ba Oap'epu
CTa€ PIBHOIO UM OJIM3BKOIO /10 ouHuIll. Lle 1 € pe3oHaHCHE TyHEeIIOBaHHS.

gax Bk

0,09 [

I, mA
=

0,09}
3

0o i
2 y,mv 1 0 U.mV
Puc. 9 Cranum 3 HynboBuM nudepeHmiiiHuM omopom Ha BAX HaHOCTPYKTYp

TiN/Fe/C 3a kiMHaTHOT TeMIiepaTypH.

3BUYAHO, AUISIHKU, A€ peaji3yeThCs PE30HAHCHE TYHEIOBaHHS, 3aliMalOTh
Ty’Ke Maly IUIONTy JIBOoOap'epHOI CTPYKTYpH, ajieé BECh CTPYM ijae (haKTHUHO ydepes
Hux. [lnsxu yepe3 npubIM3HO OAHAKOBI Oap'epu, po3AUIEHI MPUOIU3HO OAHAKOBUMU
MIPOMIKKaMH, Ha3BaHI KBAHTOBUMHU PE30HAHCHO-TIEPKOJIAIIITHUMU TpaekTopisimu [7].
Skio KBaHTOBI PE30HAHCHO-TIEPKOJISIIINHI TpaekTopii Oe3mepepBHi, To Ha BAX
CTPYKTYPH CIIOCTEPITA€ThCS CTaH 3 TIraHTCHhKOIO MpoBigHICTIO. Komu 1mi TpaekTopii
nepepuBaroThes, Ha BAX cTpyKTyp crocTepiraroThCs Tak 3BaH1 e(PEeKTH eIeKTPOHHOT
HECTIWKOCTI, IO MPUBOAATH IO TMEPEMUKAHHS CTPYKTYPH Mia €0 JIBOMOJSIPHOL
CTPYMOBOI1 PO3TOPTKM MiXK BHCOKOOMHHUM 1 HU3bKOOMHMM cTaHamu. Ha puc. 10
nmokaszaHl Taki edekTu mnepeMukaHHs Ha BAX eKkcnepuMeHTaNbHOI CTPYKTypHU
TiN/Fe/C npu ximHaTHii TemmepaTypi Mix BucokoomHuMm (1,3-1072 Owm) i
Hu3bK0OMHUM (31074 OM) cTanamu.

[ToBTOpPHI CTPYMOBI 1HXKEKIIIi TPU3BEIN 10 3MEHIIICHHS BEIMYMHU TICTEPE3UCY
1 pOCTy TMpPOBIJHOCTI, IO MPU3BEIO 10 (QOPMYBaHHA B CTPYKTypl CTaHy 3
riranTchKor0 mpoBignicTio (R < 107 Om mpu kiMHATHIHM TemIrepaTypu) i BigCyTHICTIO
rictepe3ucy (koBra BAX). ToOGTo mpoBemeHi AOCHIHKEHHS BKa3ylOTh fK Ha
MO>KJIMBICTh peaiizailii HaqHU3bKUX 3HAYEHBb OTMOPY JJIs BYTJICIIEBUX HAHOCTPYKTYD,
TaK 1 MOKJIMBICTH peatizalili MeMpHucTopHoi noBeninku BAX.
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Puc. 10 BAX nanoctpykryp TiN/Fe/C npu
KIMHATHINA TeMreparypi, ki IEeMOHCTPYIOTh
MEMPHUCTOPHUH €PEKT 13 EPEKITIOICHHSIM
Mix BucokooMHuM (1,3-1072 Om) i

o0 f - HU3bKOOMHUM (3+107* OM) cTanamuy.

0 1 2
U, mV

\_.\

Po3nin 4 npucsueno crtBopenHro 'y ITHINIP 1 mocaimkeHHIO
MynbTUCTIEKTpadbHUX (UIbTPIB (MC®D) Ha OCHOBI KOMIIO3UIIIH 10HHO-TIJIA3MOBUX
koHJeHcaTiB  AIN Ha THYYKHMX TepMOJaOUIBHUX MOJIMEPHUX  IUTIBKOBHX
nigkaaguHkax. Taki MC® HeoOXiiHI AJig HAAYYTJIMBUX KPIOT€HHUX MPUAMaIbHUX
CUCTEM HOBITHIX CHCTEM Mepenadi iHdopmarlli, TeJIeKOMYHIKaliid, HOBOI reHepari
CHCTEM HaBiraiii i mo3umionyBaHHs (30kpema, Very Long Baseline Interferometry
[8]). B 1mux npuilmManebHUX cucTeMax Il 30€peXEHHs 1  MOoKpallaHHs
1H(QOPMATUBHOCTI KOPUCHOTO CHUTHAJIY MIKPOXBWJIBOBOIO Jlanma3oHy HEOoOXiJIHe
CYTT€BE  TMPUAYIICHHS  MYJIbTUCHEKTPAIbHUX  3aBajl,  30KpeMa  3aXHCT
BHUCOKOYYTIMBUX HU3BKOTEMIIEPATYPHUX JETEKTOPIB (poboua Temmneparypa 10—15 K)
BiJl 30BHIiMHbOrO TersoBoro (IY) BumpomiHioBaHHS, TepMOyAapiB 1 (POHOBOTO
BTOPUHHOTO BHUIIPOMIHIOBAHHS BXIJHUX BIKOH KpIOCTaTiB («TeIjia» YacTUHA
nepedbyBae mipu Temmeparypa noBkiuuis =~ 300 K). Jlns usoro ceoroani, sik 4
(G1IBTPH, BUKOPUCTOBYIOThCS (pTOporuiactoBi miiBku (ToBumHa 40—-150 mMxMm), 1o
MalOTh HU3BKY TEIUIOMPOBIAHICTh. B mporeci poOoTu 1i (HTOPOIIIACTOBI TUTIBKU
HArpiBalOThCS 1 CTAIOTh JHKEPEIOM BTOPUHHOTO TEIJIOBOTO BUIIPOMIHIOBAaHHS Ha
JETEKTOPH, 110 HE J03BOJIA€ €(PEKTUBHO 3HU3ZUTU TEIJIOBI IIyMH KPIOT€HHUX
npuitmadiB. s mpoGiiem BupilieHa HaMU IIJISTXOM CTBOPEHHS Ha TepMOIaOUTbHUX (3
HU3BKOIO TEMIIEPATYypOIO IJIABJIEHHS) MOJIMEPHUX MIAKIAIUHKAX 13 (TOpPOIUIACTY 1
Malapy CEJIeKTUBHHUX JICJICKTPUYHUX TMOKPUTTIB 3 BHUCOKOIO TEIIOMPOBIIHICTIO.
Jlnst uporo mokpuTTs OyB BUOpaHuii HiTpua amtoMminiio (AIN), mo, nmo-nepiie, Mae
BHUCOKY TETUIOTPOBIIHICTh (Maike Ha PiBHI METaJiB), HU3bK1 JIEJIEKTPUYHI BTPATH,
BHUCOKHI pIBEHb 130/110I04MX XapakTepucTuk. [lo-apyre, MoHokpuctaniunuii AIN mae
cmyry 3anuinkoBux npomeHiB (Restrahlen bands) B [Y-miamasowni, B sxii Y-
BUNPOMIHEHHS €(DEeKTUBHO BIIOMBAETHCA [8].

Y  po3auii  omMcaHO METOAMKY CHHTe3y TIuliBok AIN Ha THyYKHX
TEpMOJIaOUTPHUX MOJIMEPHUX IUIIBKOBUX MiJKIaAMHKAX 13 (TOpOIIacTy 1 Maitnapy
Ta MOHOKPHUCTAJIIYHOTO KPEMHIIO, HaBEACHO pe3yJbTaTH BUBYEHHS MOPQOJIOTii
MOBEPXHi, PEHTTCHIBCHKUX JOCIIIKEHb, CIEKTpaibHI Xapakrepuctuku B [U-
mianmazoni (2-25 wMkm). Mopdonoris MmoBepxHI IIIBKOBHUX 10HHO-TIIIA3MOBUX
kouaeHcaTiB AIN BuBuanacs meromamu ACM. Ha moBepxHi Bcix 3pa3kiB AIN Ha
IUTIBKOBUX MIJIKJIAAUHKAX 13 (TOpOIUIacTy 1 Maitnapy OyJ0 BUSBJICHO HasBHICTH JBOX
penbediB — Mikpopenbedy i HaHOpenbey Ha Mikpopenbedi (puc. 11).
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Statistics:
Zmax: -154.2 nm
Zmin: -419.7 nm
Rmax: 265.5 nm
Rq: 41.78 nm
Ra: 32.98 nm
Rsk: 0.9591
Rku: 3.942

0.
0 1000 2000 3000 4000 nm

Puc. 11 ACM-300paxkeHHsT TIOBEpXHI IUTIBKOBOI CTpykTypu Al Ha wmaitmapi (A),
CHHTE30BaHOI pH TUCKY pobodoro rasy 1072 Topp Ta ii TpusumipHe 300paxkenns (B).

Po3smipu Mikpo- 1 HaHOpenbediB 3alie’KaTh BiJl TEXHOJOTIYHUX IMapaMeTpiB.
30kpeMa, TIpH TUCKy pobodoro rasy ~ 1072 mMm. pr. cT. (opMyeTbcs IiIbHA
CTPYKTypa 3 PO3KHJIOM PO3MIpIB 3epeH 10 1,5 MKM 1 HEBEIMKHMHU JIOKAJILHUMU
nepexoaamu 1o BUCOTI 10 50 HM Mix 3epHamu. Lls cTpykTypa nmokpura ogHOPITHUM
HaHOpeNbedOM 13 3epHaAMU MPaBHIbHOI chepudHoi hopmu po3mipamu 150-200 uM 1
Brucotoro 30—40 um. [Ipu 301ab1eHH] Yacy cuHTe3y AIN 30UIbIIYIOTHCS PO3MIPH SIK
MIKpOpenbedy, Tak 1 HaHOPENbEPY, 1O MPU3BOJUTH 10 3O0UIBIICHHS TOBIIWHU Ta
MOKPAIICHHS OJTHOPITHOCTI CTPYKTYPH C(POPMOBAHOI TUTIBKH.

[Y-xapakrepuctuku cTpykTyp AIN Ha THYYKHX DOJIMEPHUX IUTIBKOBHUX
NIIKJIAJUHKAX 13 GTOPOIUIACTY 1 MaiJlapy Ta HA MOHOKPUCTaJIYHOMY Si1 OTpUMaHI Ha
®yp'e-cnexkrpometpi FTIR Spectrum BX-II. Ha [4Y-cnektpax BigOMBaHHA [ TIT1BOK
AIN Ha miaknaguHKax 13 (pToporacty 1 Maiijiapy Ta Ha MOHOKPUCTaIIYHOMY Si
BUSIBIICHO cMy2y 3anuuikosux npomerie (puc. 12, kpusi 3 (3pazok AIN Ha maiinapi) i
4 (AIN Ha Si)), mo xapaktepHo ajsi MOHOKpHucTamuHoro AIN. CMyra 3aiuIiKoBuX
npomeHiB posmupena (= 10,6-20 mxMm) y mopiBHsAHHI 3 MOHOKpuctamiyHuM AIN 1
MPOSIBISIETHCS TS 3pa3kiB 13 miiBoK AIN ToBumHOIO 8 MKM. JIOBrOXBUILOBUH Kpaii
CMYTY 3aJIMIIKOBUX MPOMEHIB 3CYBAa€ThCA y OUIBII JOBrOXBMJIBOBY 00JIaCTh 4epe3
BIUIUB MIJAKIAIUHOK Ha crieKTpu BiaOutts. Kpim Toro, Ha el 3cyB MOXeE€ CYTTEBO
BIUTMHYTH 3QJIUIITKOBUYN KUCEHb, IKUH YTBOPIOE OKCUAM AIIOMIHIIO, Ha 110 BKA3YIOTh
PEHTICHOCTPYKTYPHI JTOCIHII>KEHHS.

: Puc. 12 CnekrpanbHi
xapaktepuctuku [Y BigOuBaHHs
MaiIapoBoi migkIaauHKy (kpusa 1),
MainapoBoi TtiBku 3 AIN pi3HOi
ToBIMHHM (d ~ 2 MKM — KpuBa 2,

d ~ 8 MkM — KpuBa 3) Ta CTPYKTypH
AIN/Si 3 ToBiHOMO mapy AIN

d ~ 6,6 MKM.

Reflection, %

5 10 15 20 A, um
Ha puc. 13 mpencraBnieHi MOpIBHUIbHI CIIEKTPU MPOMYCKaHHS MiIKIaAUHOK

maiinap (d = 40 mkm), Tedaon (d = 220 MkM) 1 miiBKOBHX cTpYKTyp AIN Ha 1ux
MIKIaAHKaX.



(BN
w

. T T T o

3 40 A S 80 - 1

o g

o R

Z Kz

' 20¢ g 404 2

7 w2

- (-

< S b

= =

F O = ol e 0 L 1 4 L L L ]
10 15 20 A, um 5 10 15 207, um

Puc. 13 CnektpanbHi  xapaktepuctuky [Y-mpomyckaHHss s MailapoBoi
migKIaauHKe ToBIKUHOIO d ~ 40 MkM (1) 1 KOMIO3HIIHHUX CTPYKTYp AIN/Maiinap 3
ToBIIMHOIO AIN 3 MkM (2) 1 8 MM (3) (puc. 13, A) Ta 1151 TedIOHOBOI MiAKIAAUHKA
(d = 220 mxm) (1) i ctpykryp AIN/Teduton (AIN d = 15 mxm) (2) (puc. 13, b).

Sx BuaHO 3 puc. 13, 3 pocrom ToBIIMHM IUTIBKM AIN mpomyckaHHSI CTPYKTYp
3MEHIIYEThCA. 3ayBakuMo, mo y miamazoni (10-25 mkm) rumiBka AIN  ToBmuHOO
15 MkM Ha Te(I0H1 MOBHICTIO 0JI0KY€e [Y-BUITPOMIHIOBAHHS.

MikpoxBuwiboBl JociimkeHHs: ctBopeHnx MC® nHa ctpykrypax AIN Ha
THYYKHX MOJIIMEPHHUX IUIIBKax B jiana3oHi 2,2-34 I'T'u (pobounii aianazoH CUCTEMHU
VLBI) nokaszanu BiACYTHICTb BTPAT CHUTHaly, IO MHIATBEPIKYE €PEKTUBHICTH iX
BUKOPHUCTAHHS y BUCOKOUYTJIMBUX KPIOI€HHUX MpHUiMallbHUX cuctemax. OTpumani
CTPYKTYpH €(QeKTHUBHO OJOKYIOTh mmKijuymBe [Y BumpomiHiOBaHHS (B TOMY YHCII
BTOPUHHE TEIUIOBE BUIIPOMIHIOBAHHS BXIJHMX BIKOH KpIOCTaTiB) 1 TpO30pi s
1H()OPMATUBHOTO MIKPOXBUILOBOTO CUTHAITY.

OCHOBHI PE3YJBTATU TA BUCHOBKU

VY aucepraiiii BUPIIIEHO HAyKOBY MPOOJIEMY CTBOPEHHS B IeIIKOHHO-TYTOBUX
10HHO-TIIa3MoOBUX mpouecax riopunnux rerepocucreM TiN/Fe, TiN/Fe/C ta AIN,
3’COBAHO OCOOJIMBOCTI iXHIX €JIEKTPOHHUX, MarHITHUX W ONTHUYHHUX BIACTUBOCTEH 1
MIKPOCTPYKTYPH, BCTAHOBJICHO 3aKOHOMIPHOCTI Ta 3B’A30K MDX iXHIMU (DI3UYHUMHU
BJIACTUBOCTSIMU Ta MIKPO- 1 HAHOCTPYKTYPOIO.

VY pe3ynbTaTi BUKOHAHHS qucepTaliitHoi podotu npu Bukopuctanui ['TITIP
OTPUMAHO HACTYITHI OCHOBHI HAyKOBI PE3YJIbTATH:

1. Brmepiie BUSABIEHO SBHILE BUCOKOCHEPTETUYHOTO PEKUMY TE€IIIKOHHOTO
po3psay «[lmasmoBa  KoJloHa», TpU  SKOMY IUIa3Ma  BHUCOKOI  TyCTHHH
PO3MOBCIOJIKYETHCS 13 PO3PATHOT KaMepHU B TEXHOJIOTIUHY 30HY (Kamepy oOpoOKkm),
JI€ JOCATHYTO 3HAYEHHS T'YCTUHU TUIa3MHU ~10%? cm73, mo Ha 2-3 MOPSIAKY BUIIE, HIXK
y BIIOMHX JDKEpes IUIa3MH, a TYCTHHA 10HHOTO CTpyMy B = 2,5 pa3u BHUIIA, HIK IS
B1JIOMOTO 00'€MHOTO TE€JIIKOHHOTO PO3PSY.

2. Brepiiie oTpuMaHoO pETyNsSIpHY CTPYKTYpY HaHOpenbedy po3mipom 2—10 HM
Ha TorBIl HiTpuAy TtutaHy (TiN) Ha MOHOKpPUCTaNIYHOMY KpPEMHIIO, Ha SKii
CUHTE30BaHI MarHiTHI MOHOJIOMEHHI HaHOKJacTepu 3aiiza (Fe).

3. Brepie BusiBneHo cynepnapamarHiTHui edekt B HaHOCTpyKTypax TiN/Fe 3
TemrnepaTtyporo 6sokyBaHHs Tz = 42,2 K 1 TemnepaTyporo cynepnapaMarHiTHOI MExX1



14

~ 150 K.

4. Buepilie BCTAaHOBJIEHO, 1110 HAHOCTPYKTYPOBAaHUI BYTJIELb, CHHTE30BaHUI Ha
HaHOKJacTepax 3amiza (HaHocTpykrypa TiN/Fe/C), B paekinpka pa3iB MiABHUIILYE
BEJIMYMHY MAarHiTHOI CIPUHHATIMBOCTI TOPIBHSHO 13 3pa3koM 0Oe3 BYTJIEIIO
(manoctpyktypa TiN/Fe), cyTTeBO miJIBHIIye CymeprnapaMarHiTHy TeMIEpaTypy
onokyBanusa T 1o ~180-270 K nnsa H = 100 E 1 o ~90-120 K nns H = 1 xE ta
MJBUIIYE 1O KIMHATHUX TEMIEPATYyp TEMIEPATYypy CyleprapaMartiTHOI Mexi.

5. Bmnepme BusBieHo, 1m0 TpU KIMHaTHUX TeMmrepatypax BAX
rerepocTpyktyp TiN/Fe/C neMOHCTpYIOTh BUHUKHEHHS CTaHIB 3 HYJIbOBUM
T EepeHLIHHUM OMOPOM 1 TTaHTCHKOIO MPOBITHICTIO, IO MOXe OyTH 00YMOBICHUM
TYHETTbHUM PE30HAaHCHO-TIEPKOJIALIHHAM TPAHCIIOPTOM Y HAHOCTpYKTypoBaHomy C.

6. Bmepme BusBieHO €(QEKTH TMEPEMUKAHHSI MEMPHUCTOPHOTO THUIY ¥
rerepoctpyktypi TiN/Fe/C wmix BucokoomHuM (1,3x1072 OM) i HHM3bKOOMHUM
(3x10™* Om) cranamu.

7. Bnepuie CUHTE30BaHI HAHOCTPYKTypoBaHi IUNBKA AIN Ha THy4YKux
TEpMOJIaOIIbHUX MOJIMEPHUX MIJKIaKaX Te(DIIOH 1 Mailap.

8. BcraHoBNEeHO, 10 MOBEpXHs OTpUMaHMX IUIIBOK AIN XapakrepusyeTbcs
HasBHICTIO JIBOX penbediB: Mikpopenbedy 1 HaHOpenbedy. CTpykTypa penbediB
3aJIEKUTH BiJl pOOOUUX MApaMETPIB — TUCKY 1 4aCy HAHECEHHS.

9. B mnanocTpykTypoBaHux IUTiBKax AIN, CHUHTE30BaHMX Ha MOJIMEPHHUX
niKiIaaKax 3 TeJIOHy Ta Maiiapy, BOEpLIe BUSBICHO CMYTY 3aJUIIKOBUX ITPOMEHIB
(miamazon A =~ 10-20 mxM), 10 TOPUBOAWTH A0 eQeKTUBHOro OsioKyBaHHS [Y-
BUIIPOMIHIOBaHHS.

OpneprxaHi (pyHIaAMEHTAIbHI HAYKOBI PE3yJbTaTH MAIOTh BAXKIIMBE MPAKTUYHE
3HAYCHHS.

Ha ocHOBI reaikOHHO-IYTOBHUX JIKEPEIN MJIa3MOBUX MOTOKIB BUCOKOI T'YCTUHU
po3pobiero ¢Gi3uuHi 3acaau  (GopMyBaHHS 10HHO-TIA3MOBHX KOHJEHCATIB JUIS
cTBOpeHHs QpyHKIIoHAIbHUX riopuaaux rerepocuctem TiN/Fe, TiN/Fe/C ta AIN.

Pesynmbratit  mOCHIIKEHHS  MArHiTHUX 1 peNaKCallliHUX — SIBUI] Y
HAHOCTPYKTYpOBaHUX reTepocTpykTypax TiN/Fe Bka3zyroTh Ha MOXKIIMBICTb CYyTTEBOTO
301IBIIIEHHS IIIJIPHOCTI MArHITHOTO 3alKcy 3a paxyHOK ICTOTHOTO 3pPOCTAaHHS
KoedillieHTa aHi30TPOMI] 3aJ1i3a B HAHOCTPYKTYpOBaHOMY cTaHi. CHHTE3 Ha MOBEpPXHI
HAHOCTPYKTYpoBaHOTO 3aiiza ByrierneBux HaHOCTPYKTYp (TiN/Fe/C) nozBossie
HAOJIM3UTHCA 0 BUPIIICHHS TPOOJIEMHU MOI0JIAHHA CyTIeprapaMarHiTHOI MexI.

BusBnena acumerpuyHa ricrepe3ucHa mnoBeaiHka BAX reTepocTpyKTyp
TiN/Fe/C no3Bossie peaiizyBaTh Ha iX OCHOBI HOBI MPHUCTPOI IJIsl 3alUCy JTaHUX —
MEMPHCTOPH.

CrBopeni MynbTUCTIEKTpabHI [Y-PinbTpy HA OCHOBI 10HHO-TIJIA3MOBUX
KoHJieHcaTiB AIN Ha THy4YykHX MOJIMEPHHUX MIIKJIAJAUHKAX 3 Maijapy Ta TediioHy
NOTPiOHI IS HAAYYTIMBUX KPIOTEHHUX MPUHUMATbHUX CHUCTEM HOBITHIX CHCTEM
nepemadi iHgopMarllii, TeIEeKOMYyHIKallii, HOBOI TeHepailii CHCTeM HaBirami 1
MO3UI[IOHYBaHHS.
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AHOTANIA
Hosoubkuii /I, FO. EjeKkTpoHHi, MarHiTHi ¥ ONTHYHI BJACTHMBOCTI Ta
MmikpocTpykrypa riopuanux rerepocucrem TiN/Fe/C i AIN. — Ksanmidixkarriiina

HAyKOBa Ipallsd Ha MpaBax PyKOIUCY.

Hucepramiss Ha 3000yTTS HAYKOBOIO CTyHeHs KaHAauaara (Di3UKO-
MaTeMaTUYHuX Hayk 3a crnemianbHicTio 01.04.07 — ¢i3uka TBepaoro Tijna. —
[nctutyr meranodpiduku im. I'. B. KypatomoBa HamionanbHoi akagemii Hayk
VYkpainu, m. Kuis, 2020 p.

BuBYeHO CTBOpEHI B I'eIIKOHHO-IYTOBUX 10HHO-TIJIA3MOBUX IIpoLiecax riOpuaHi
rerepocucteMu TiN/Fe, TiN/Fe/C ta AIN, 3'scoBaHi 0COOJMBOCTI iX €IEKTPOHHUX,
MarHiTHUX ¥ ONTUYHUX BJIACTUBOCTEM Ta MIKPOCTPYKTYpH; BCTaHOBJICHI
3aKOHOMIPHOCTI 1 3B'SI30K MDK iX (I3UYHUMHU BJIACTHUBOCTSIMHU Ta MIKpPO- 1
HAaHOCTPYKTYpOl0. BUSBIEHO sBHILE BHCOKOCHEPIETUYHOTO PEXKUMY TeIIKOHHOTO
po3psAy, BIEpIIE OTPUMAHO PETYISPHY CTPYKTYypy HaHopenbey Ha Si. BusiBneHo
cyneprnapamardiTHuit edpext B HaHOoCcTpyKTypa TiN/Fe 1 TiN/Fe/C. Becranosneno, 1o
HaHocTpykrypoBanuil C y ctpyktypi TiN/Fe/C y nekinbka pa3 miJBUILY€ MarHiTHY
COPUSTIIUBICT MOPIBHAHO 13 cTpykTyporo TiN/Fe Ta miaBuilye TeMmIiiepaTypu
OJIOKyBaHHA 1 cCyleprapaMarHiTHoi Mexi. BusBieHo, 10 TpU KIMHATHUX
temrepatypax BAX rerepoctpykryp TiN/Fe/C neMoHCTpYIOTh BAHUKHEHHSI CTaHIB 3
HYJIbOBUM JU(PEPEHIIHHUM OMOPOM 1 TTraHTCHhKOIO MPOBIAHICTIO. Y TeTEPOCTPYKTYpI
TiN/Fe/C BusBieHo epexkT nepeMruKaHHsd MEMPUCTOPHOTO TUITY MiX BUCOKOOMHHUM
1 HU3LKOOMHHMM CcTaHaMu. Briepiiie cuHTe30BaHI HAaHOCTPYKTypoBaHi miiBku AIN Ha
THYYKHX TEPMOJIa0UTbHUX TOJIMEPHUX MIAKIATUHKaX Te(IoH 1 Maiinmap, B SKHX
BUSIBJICHO CMYTY 3aJIMILIKOBUX MpoMeHiB B [U-nianazoHi.

KiouoBi cjioBa: 10HHO-TIA3MOBI TPOIECH, TENIKOHHE JDKEPENo TUTa3MH,
IJIa3MOBO-AYTOBUI MPUCKOPIOBAY, HAHOCTPYKTYPHU, €IEKTPOHHI, MarHiTHI ¥ ONTHYHI
BJIACTHBOCTI TETEPOCTPYKTYp, CyMeprnapaMarHeTH3M, TiraHTChKa MPOBIAHICTD,
mempuctopHi edpextu, [H-kBaziontuuni GpinbTpH.
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ABSTRACT

Polotskyi D. Yu. Electronic, magnetic and optical properties and
microstructure of TiN/Fe/C and AIN hybrid heterosystems. — Qualification
scientific work as the manuscript.

Thesis for a Candidate of Physical and Mathematical Sciences by specialty
01.04.07 — Solid State Physics. — G. V. Kurdyumov Institute for Metal Physics of
the N.A.S. of Ukraine, Kyiv, 2020.

The paper describes a powerful device, unique in its technological capabilities
— a hybrid helicon-arc ion-plasma reactor, the main feature of which is a
combination of three plasma instruments within the technological volume. Two of
them are of the same physical nature — plasma-arc accelerators (PAC), the third one
is a high-frequency plasma source — the helicon discharge. Thus, due to its physical
characteristics, the helicon plasma source is able to clean effectively the working
volume of the reactor and the substrate surface from residual atmosphere elements.
Experiments have shown that the use of a helicon discharge for activating the surface
of such problematic (for creating it on the surface of film structures) materials as
Teflon and Mylar make it possible to apply a layer of a dielectric aluminum nitride,
which make the samples opaque to the IR radiation in the range of 2-25 microns.

Due to its design features, PAC is able to transfer a plasma beam that
originates in the end surface of the consumable cathode and is accelerated in crossed
electric and magnetic fields to a distance of about 50 cm without significant losses in
the plasma density. As a result of the dissertation work, for the first time, a number of
fundamental scientific results was obtained using a hybrid helicon-arc ion-plasma
reactor: For the first time, the phenomenon of high-energy helicon discharge mode of
"Plasma column™ was revealed, in which high-density plasma propagates from the
discharge chamber to the technological zone (the processing chamber), where the
plasma density is ~ 10*2 cm=3, 2-3 orders of magnitude higher than known plasma
sources, and the ion current density is ~ 2.5 times larger than for the known bulk
helicon discharge.

For the first time, a regular nanorelief structure with a size of 2-10 nm was
obtained on a titanium nitride (TiN) film on single-crystalline silicon, on which
magnetic monodomain nanoclusters of iron (Fe) were synthesized.

For the first time, a superparamagnetic effect was detected in TiN/Fe
nanostructures with a blocking temperature Tz = 42.2 K and a superparamagnetic
limit temperature ~150 K.

It was found for the first time that nanostructured carbon synthesized on iron
nanoclusters (TiN/Fe/C nanostructure) increases magnetic susceptibility value several
times compared to the carbon-free sample (TiN/Fe nanostructure), significantly
increases the superparamagnetic blocking temperature to 180 K for H = 100 E and up
to ~90-120 K for H = 1 kE and raises the temperature of the superparamagnetic
boundary to room temperature.

It was found for the first time that at room temperatures |-V characteristics of
TiN/Fe/C heterostructures show the occurrence of states with zero differential
resistance and giant conductivity that may be due to resonant-percolation transport in
nanostructured C.
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For the first time, the switching effects of the memristor type in TiN/Fe/C
heterostructures between high-impedance (1.3x102 Ohm) and low-impedance
(3x10~* Ohm) states were revealed.

Nanostructured AIN films were firstly synthesized on flexible thermolabile
polymer substrates Teflon and Mylar.

It is established that the surface of the obtained AIN films is characterized by
the presence of two reliefs: micro-relief and nanorelief. The reliefs structure depends
on the operating parameters — pressure and application time.

In nanostructured AIN films synthesized on polymeric substrates made of
Teflon and Mylar, for the first time, the band of residual rays (A ~ 10-20 um) has
been detected leading to effective blocking of the IR radiation.

The obtained fundamental scientific results are of great practical importance:

Based on the helicon-arc sources of high-density plasma flows, physical
principles of the ion-plasma condensate formation for the creation of functional
hybrid heterosystems TiN/Fe, TiN/Fe/C and AIN have been developed.

Results of the study of magnetic and relaxation phenomena in nanostructured
TiN/Fe heterostructures indicate possibility of essential growth in the magnetic
recording density due to significant increase in the iron anisotropy coefficient in the
nanostructured state. Synthesis of nanostructured iron on the surface of carbon
nanostructures (TiN/Fe/C) allows us to approach the solution of the problem of
overcoming the superparamagnetic limit.

The revealed asymmetric hysteresis behavior of the |-V characteristics of
TiN/Fe/C heterostructures allows implementation of novel devices for data recording
— memristors on their base.

Fabricated multispectral IR filters based on AIN ion-plasma condensates on
flexible polymer substrates made of Mylar and Teflon are necessary for
supersensitive cryogenic receiving systems of the newest systems for information
transfer, telecommunications, new generation of navigation and positioning systems.

Keywords: ion-plasma processes, helicon plasma source, plasma-arc
accelerator, nanostructures, electronic, magnetic and optical properties of
heterostructures, superparamagnetism, giant conductivity, memristor effects, IR
quasi-optical filters.
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