O6J1ikoBa KapTKa [IiP

I. 3arasibHi BimOMOCTI

Jep>kaBHHH 00J1iKOBHI HOMep: 0218U001946

Jep>kaBHUH peecTpaniliHUI HOMEP: 0118U004772

Oco06J1uBi TO3HAYKHU: Binkpura

JaTa peecrtpaunii: 26-12-2018

II. Etran BukoHnauus JiP
Homep eramy: 2

Ha3sBa eramny: Jlocnif)keHHs BIJIMBY TEXHOJIOTIYHUX PEXUMIB OTPUMAHHS KOMITO3ULIFHIX HAHOCTPYKTYP
Si02(nc-Si), Me) Ha iMIieiaHC Ta OLiHKa MOKJIMBOCTI BUKOPUCTAHHS iX PY pO3pOOLi TEXHOJIOTiI OPMYyBaHHS

IJIAHAPHUX 0€3BUTKOBUX iHAYKTUBHOCTEN B KpeMHieBUX IC
IToyaToK eramy: 09.2018
3akiHyeHH4 eTamy: 12.2018

Bup, 3BiTHOr0 JOKYMEHTA: OCTaTOYHUIA 3BiT

I11. BinomocTi npo BukoHaBus JIiP

IloBHEe HaiMEHYBaHHS IOPHAHYHOI 0coou (a6o ITIB ¢pisumdyHO0i 0cO6H): IHCTUTYT disnKku

HaIiBNPOBiHUKIB iMeHi B.€. JlamkaproBa HanjionanpHOI akagemii Hayk YKkpaiHu
Kopg 3a €IPIIOY: 05416952

Micue3Haxoa KEeHHSI:

dopma ByracHOCTI:

Cdepa ynpaBiiHHS: HaujonanbHa akazemis HayK YKpainu
InenTudikarop ROR: He zacrocosyerscs

Poamip opranisanii:

Tenedon: +38(044) 525-40-20

IV. BizomocrTi npo cniBBUKOHaBLiB JIiP



V. BimomocrTi npo 3amoBHHKa [IiP

IloBHe HaliMeHYBaHHS IOPUIUYHOI 0coou (a6o ITIB ¢izuyHO0i 0c00H): MinicTepcTBO OCBiTH i HayKK

Ykpainu

Kog, 3a EJPIIOY: 38621185

Micuesnaxo;pxeum:: npoct. [Tepemory, 10, m. Kuis, KuiBcbka 061., 01135, Vkpaina
dopma BaacHOCTI:

Cdepa ynpaBiriHHS: KaGiser MiicTpis YkpaiHu

ImenTudikarop ROR: He zacrocoyerbcs

Poamip opranisanii:

TenedoH: 380444813221

VI. I>kepeJia, HanpsiMHu Ta oocsiru pinaHcyBaHHs JIiP

IlincraBa ojist npoBeaeHHs [iP: 34 - norosip (3aMOBJIEHHS) 3 IEHTPaTbHUM OPraHOM BUKOHABYOI BIajy,

akazemielo HaykK (TOJIOBHUMM PO3NOPSIHUKAMU OI0pKETHUX KOWITIB Ha TposefeHHs HIIJIKP)

Hampsam (l)iHchyBaHHﬂ: 2.1 - pyHIaMeHTabHI JOCIIIPKEHHS
I>kepesia piHaHCYBaHHS

7713 - KOWTH ep>KO0I0A KeTy

Kopg, nporpamuoi kinacudikarnii BuzaTkis i KpegurysaHHs (KIIKBK): 2201380

dakTuyHHi 06car ¢piHaHCyBaHHS (THC. IPH.). 90




VII. BizomocrTi npo IiP
Ha3sBa po6oTH yKpaiHCBHKOIO:

Po3pobka HOBUX TEXHOJIOTIYHUX IPUHLUIIIB CTBOPEHHS NIJIaHAPHUX KOMIIO3ULIITHUMX HAHOCTPYKTYP Ha OCHOBI

OKCUny erMHiIO 3 p€aKTUBHUM iMHe,I[aHCOM iH,[LYKTI/IBHOI‘O TUITY

Ha3sBa po60oTH aHIJIiHCBHKOIO:

Development of the new technological principles of creation of planar composite nanostructures based of silicon

oxide with reactive inductive impedance

Pedepat yKpaiHCBKOIO:

3BIT [107a€ThCS B OHOMY TOMi i ckiaziae 88 cTOPiHOK, y TOMY 4uCiIi pucyHKiB 60, Tabauup 10, BAKOPUCTaHUX
Ikepet 48, nopatkis 1. KiIl040Bi €J10Ba: HAHOKPUCTAIM KPEMHIIO, MeTaJIeBi BKIIIOUYEHHS], iOHHO-T1JIa3MOBa
TEXHOJIOTisl, HAHOKOMIIO3UTHI IJIiBKM, HAHOEJIEKTPOHiKa. MeTa mpoekTy: Po3po6ka (i3nKO-TeXHOJIOTYHIX
NPUHLMIIB i KJIIOYOBUX TEXHOJIOTIYHUX MTpoLenyp GOpMYyBaHHS [IJJaHAPHUX G€3BUTKOBUX HAHOCTPYKTYP
HaniBnpoBifHUK/SiO2 3 peakTUBHUM iMII€IaHCOM iHIYKTUBHOIO TUIY HAQ OCHOBI HAHOT'PaHYJISIPHUX IIJIIBOK OKCUZY
KPEMHIIO, 1[0 MiCTSThb HAHOYACTUHKU OKUCJIEHUX NEPEXiTHMX MeTaJliB 200 KpeMHilo. B pe3ysibTaTi BUKOHaHHS JaHOI
poboTu 6ysa po3pobiieHa iOHHO-T1JIa3MOBa TEXHOJIOTISI OcalKeHHs 36arayeHrnx KpeMHieM 1tiBoK SiOX i miiBok
SiOx, mo MmicTaTh MeTasnesi BKtodeHHs (Fe, Al) Ta mocifkeHi CTPYKTYpPHI i es1eKTpodi3niHi XapaKTepUCTUKU
niBok SiOx Ta HAHOKOMIIO3UTHUX IJIiBOK SiO2(Si), SiO2(Si,Me) oTpuMaHuUX B pe3yJbTaTi TEPMIUYHOTO Bifay.
OTtpumaHi nyiaHapHi 6€3BUTKOBi HAHOCTPYKTYPU Ha OCHOBI IJIiBOK SiOx(Fe) 3 peakTuBHUM iMIIejaHCOM
IHIYKTUBHOTO THUIly. BCTaHOBJIEHO, 11J0 BUKOPMCTAHHS TEXHOJIOTII iOHHO-T1J1a3MOBOTO PO3NUJIEHHS B Ta30BOMY
cepenosuili O2+Ar nae 3MOry OTpUMaTH TOHKI IiBKu SiOx. 3MiHa criBBinHOMmEHHST podouux rasis O2 /Ar
IIPUBOAUTD O KEPOBAHOI 3MiHM BMicTy Si y BuxigHi# SiOx niBni npu ii orpumanHi. Pict BMicTy KUCHIO B aTMOCpepi
OCaPKEHHS IPUBOAUTD [0 3MEHIIEHHS HaJJIMIIKOBOTO KpeMHilo B miBLi SiOX i BignoBinHOro 36i/bIIeHHS iHIEeKCY
crexiomerpii X. ONTUMI30BaHi OCHOBHI NTapaMeTpY TEXHOJIOTIYHOIO PEXKUMY iOHHO-TIJIA3MOBOTO PO3IUJIEHHS.
[IpoBenieHi KOMIIJIEKCHI JOCTIiI)KEHHS CTPYKTYPHUX BJIACTUBOCTEN 30aradye€HuX KpeMHieM IL1iBoK SiOx Ta
HaHOKOMITO3UTHUX ILIiBOK SiO2(Si), oTpuManux TexHoJorieto IPS, 3a nonoMoroio mMeTtonis exincomerpii, I4 ta KPC -
criektpockorii, ACM mikpockormii, poTomominectenii, tpaBnenss;, HRTEM Ta BcTaHOBJIEHi OCHOBHi
3aKOHOMipHOCTI TpaHcdopMallii 36araueHnx KpeMHieM MIiBoK SiOx B HAHOKOMITO3UTHY I1iBKYy SiO2(Si), 110 MicTUTH
HK Si B miesiekTpy4Hill MaTpuli Micjig BUCOKOTEMIIEPATYPHOTrO BiAnasny. BCTaHOBIEHO BIUVIMB TEPMIYHOTIO BiAmamny
Ha eJIEKTPONPOBiIHICTb IJIIBOK IIPU iXHill TpaHCcdoOpMalii B HAHOKOMIIO3UTHY ILTiBKy SiO2(Si). BBejeHHs moMilKku
MertasiB B 11iBKY SiOX i SIOxNy npusBoguTh 110 36ibIIE€HHS IPOBiAHOCTI 0CO6IMBO B 06J1aCTi Maux 0B (< 1 B).
BrinuB cepepoBuia Bifnany (30T ab0 aproH) Ha NpoBifHiCcTb MIiBOK SiOx i SiOxNy , 0 MiCTSITh MeTaleBi
BKJIIOYEHHS PI3HUATBLCS i 3aJ1€KUTh BiJl IPUKJIALEHOI HANIPYTH (M10J1s1) i TeMIIEPATyPU BUMiPIOBaHHSI.
EnexrponposinHicTs miBku SiOxNy(Al) micsis Binnasy B a30Ti MeHIIA HIX ITicjis Bifnany B aproHi. [t riiBku
SiOx(Fe) HaBnaky, eJIeKTPONPOBIAHICTD MicIsl BiAnany B a30Ti BULLLA HIX MicJis Bignany B aprodi. B koMno3nuinHux
niBkax SiOX criocTepiraeTbcs CTyNEeHeBa 3aJI€KHICTh aIMITTaHCa Bif] YaCTOTU TUITy 3aKOHY MOTTa /1711 CTPUOKOBOi
[IPOBIJHOCTI HA 3MIHHOMY CTPyMi. B KOMITO3MLINHUX IJIiBKAX 3 BKIIOYEHHIMU METAy YaCTOTHA 3aJIEXKHICTD
IIPOBiHOCTI BiJl 4aCTOTU 3MIHHOTO CTPYMY 3MiHIOETbCS He CyTTeBO 110 20 mMI'L. [ToynHaloun 3 yactotu 6isbiue 20
KT'1 i o ~IMI'1 ciocTepiraeThCsl CTerneHesa 3ajeskHiCTh MPOBigHOCTI Ae m~0,55 171 anioMiHieBUX METaleBUX
BKJIIOYeHb i m~0,49-0,52 111 MeTasieBUX BKIIOUEHD 3aii3a. B cTpykTypi 3 miiBkoio SiOxNy(Al) nepeBaskae emHicHa
CKJIaJIOBa, a B CTPYKTypi 3 miiBkoio SiOx(Fe) peakTrBHA CKIaoBa iMnegaHCy Mae iHOYKTUBHUM XapakTep [0
yactotu 1 MI'l, noTiM nepexonuTh B eMHicHUMN. Bignan komnosuuiiiHux niisok SiOx(Fe) Ha nositpi ipu
Temneparypax 773 - 873 K npu3BoauTh 10 NepeBaKaHHs B PEAKTUBHIN YaCTUHY agMiTTaHCaA IIPU HU3bKUAX 4YaCTOTaxX
IHIYKTMBHOTO BKJIaAy HaJ, eMHICHMM. Ha mifcraBsi pe3ysibTaTiB IpOBENEHOr0 BUBYEHHS BIUIMBY BiAmany Ha MOBITPi
Ha YaCTOTHi 3aJ7IeXXHOCTi afgMiTTanca i KyTa (pazoBoro 3cyBy KOMIO3ULIMHUX II1iBOK SiOx(Fe) BUrorossneHi

IIpOTOTUIIN iHILYKTI/IBHI/IX eJIeMeHTiB.



Pedepar aHIJ1iHCBKOIO:

The report is presented in one volume and contains 88 pages, including figures 60, tables 10, used sources 48,
applications 1. Key words: silicon nanocrystals, metal inclusion, ion-plasma technology, nanocomposite films,
nanoelectronics. Aim of the project: Development of physical and technological principles and key technological
procedures for the formation of planar without coil semiconductor / SiO2 nanostructures with inductive type of
reactive impedance on the basis of nanocomposite silicon oxide films containing nanoparticles of oxidized
transition metals or silicon. As a result of this work, the ion-plasma technology of deposition of silicon-enriched
SiOx films and SiOx films containing metal inclusions (Fe, Al) was developed, and the structural and electrical
characteristics of SiOx films and SiO2 (Si), SiO2 (Si, Me) nanocomposite films obtained as the result of thermal
annealing were studied. Planar without coil nanostructures based on SiOx(Fe) films with inductive type of the
reactive impedance have been obtained. It has been established that the use of ion-plasma sputtering (IPS)
technology in the O2 + Ar gas medium allows the production of thin SiOx films. The change in the ratio of working
gases O2 / Ar leads to the controlled change in the Si content of the initial SiOx film when it is obtained. The
growth of oxygen content in the deposition atmosphere leads to the reduction of excess silicon in SiOx film and
the corresponding increase in the stoichiometry index x. The basic parameters of the technological regime of ion-
plasma sputtering have been optimized. The complex investigations of the structural properties of silicon-
enriched SiOx films and SiO2 (Si) nanocomposite films obtained by the IPS technology were carried out using
ellipsometry, IR and Raman spectroscopy methods, AFM microscopy, photoluminescence, etching, HRTEM, and
the basic regularities of transformation of silicon-enriched SiOx films into the nanocomposite film SiO2(Si)
containing Si nanoclusters in dielectric matrix after high temperature annealing. The influence of thermal
annealing on the conductivity of films during their transformation into nanocomposite SiO2(Si) film has been
established. The introduction of metal impurities into SiOx and SiOxNy films leads to the increase in conductivity,
especially in the region of small fields (<1 V). The influence of the annealing medium (nitrogen or argon) on the
conductivity of SiOx and SiOxNy films containing metallic inclusions varies and depends on the applied voltage
(field) and the temperature of the measurement. The conductivity of the SiOxNy (Al) film after annealing in
nitrogen is less than after annealing in argon. Conversely, for an SiOx (Fe) film, the electrical conductivity after
annealing in nitrogen is higher than after annealing in argon. The degree dependence of the composite SiOx films
admittance on the frequency corresponded to the type of the Mott law for carrier hopping on alternating current.
In composite films with metal inclusions, the frequency dependence of the conductivity on the frequency of the
alternating current varies not significantly to 220 KHz. Beginning with the frequency of more than ?20 KHz and up
to ~ 1 MHz, the power dependence of conductivity is where m ~ 0.55 for aluminum metal inclusions and m ~ 0.49-
0.52 for metallic iron inclusions have been observed. In the SiOxNy (Al) film structure, the capacitive component
dominates, and in the SiOx (Fe) structure, the reactive component of the impedance has an inductive character to
the frequency of ? 1 MHz, and then it becomes capacitive. The annealing of composite SiOx(Fe) films in air at
temperatures of 773 - 873 K leads to the predominance in the reactive part of the admittance at low frequencies of
the inductive input above the capacitive one. Based on the results of the study of the influence of annealing in the
air on the frequency dependence of the admittance and the phase shift angle of composite SiOx(Fe) films,
prototypes of the inductive elements were manufactured.
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