O6J1ikoBa KapTKa [IiP

I. 3arasibHi BimOMOCTI

Jep>kaBHUH 00J1iKOBHI HOMeP: 0212U006376

Jep>kaBHUH peecTpauiliHuI HOMeP: 0110U006270

Oco06J1uBi TO3HAYKHU: Binkpura

JaTa peecrtpamnii: 23-03-2012

II. Etran BukoHnauus JiP
Homep eramy: 2

Ha3sBa eramny: JlocnifkeHHs nporeciB caMoopraHi3oBaHoro GopMyBaHHsI HAaHOKJIACTEPIB Si B IiesieKTpuyHiit
marpuui SiO2 B pe3ysbTaTi BUCOKOTeMIepaTypHoro abo msuakoro (RTA- rapid thermal annealing) Bignany ok
SiOx.

IToyaTok eramy: 01.2011
3akiH4YeHHs eTamy: 12.2011

Bup, 3BiTHOr0 JOKYMEHTA: [IpoMiXHMIA 3BiT

I11. BinomocTi npo BukoHaBus JIiP

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

HamiBNpoBiAHUKIB iMeHi B.€.JlamkaproBa HAH Ykpainu

Kopg 3a €IPIIOY: 05416952

Micue3Haxoa KEeHHSI:

dopma ByracHOCTI:

C(l)epa yIIpaBJIiHHﬂ: [Ipe3ugis HanionanpHoI akagemii HayKk YKpaiHu
InenTudikarop ROR: He zacrocosyerscs

Poamip opranisanii:

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

IV. BizomocrTi npo cniBBUKOHaBLiB JIiP



V. BimomocrTi npo 3amoBHHKa [IiP

IloBHe HaliMeHyBaHHS IOPHAHYHOI 0coou (a6o ITIB PpizuuHO0i 0c06H): HaujoHanbHa akasemis Hayk

Ykpainu

Kopg 3a €EIPIIOY: 00019270

Micue3HaxoaKeHHS: ByJI. Bononumupceka, 54, M. Kuis, KuiBcbka 061, 01030, Ykpaina
dopma BaacHOCTI:

Cdepa ynpaBiriHHS: HaujoHanbHa akazemist HayK YKpaiHu

ImenTudikarop ROR: He zacrocoyerbcs

Poamip opranisanii:

TenedoH: 380442396594, 380442343243

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 kinacudikanii BupaTkis i KpegurysaHHs (KITKBK): 6541030

dakTuyHHi 06car ¢piHaHCYBaHHS (THC. IPH.): 124.2




VII. BizomocrTi npo IiP
Ha3sBa po6oTH yKpaiHCBHKOIO:

JocninKeHHs Ta po3po6Ka iOHHO-T1JIa3MOBUX TEXHOJIOTN (POPMYyBaHHS KPEMHiIEBUX HAHOKOMIIO3UTIB [1pY BBEJI€HHI

IOMIIIOK CTUMYJIIOIOYUX MPOLLECH CaMOOPTraHi3allii.

Ha3sBa po60oTH aHIJIiHCBHKOIO:

Research and development of ion-plasma technologies for formation of silicon composites at introduction of
stimulating self-organization processes impurites.

Pedepat yKpaiHCBKOIO:

3BIT 1107a€ThCS B OHOMY TOMi i ckazae 39 CTOPiHOK, Y TOMY YMCJIi pUCYHKIB 18, Tabiulp 3, BAKOPUCTAHUX IPKEPel
21. Ky11040Bi cj10Ba: HAHOKPUCTAJIY, TEXHOJIOTIS, iOHHO-TIJIa3MOBE PO3IUJIEHHS, CTPYKTYpPa, IU-crieKTpocKoris,
esieKTpodis3nyHi BaacTuBOCTi, -V xapakrepuctuku, MIIH cTpyKTypu. MeTa npoekry (etany): JocaiguTu npouecu
caMoopraHizoBaHoro ¢popMyBaHHS HaHOKJIACTepiB Si B giesekTpruyHii matpuui SiO2 B pe3ysbTaTi
BHCOKOTEMIIEPATyPHOrO Bifjliany 36araueHux KpeMHieM IIiBoK SiOx Ta BCTAHOBUTHU OCHOBHI MexaHi3Mu
€JIEKTPOHHOTO TpaHcnopTy yepes SiO2(Si) nniBku. Byiu BCTaHOBJIEHI OCHOBHI 3aKOHOMIPHOCTI IIEpeTBOPEHD
IieneKTpUYHOI MaTpuli 36aradyeHnX KpeMHieM IUTiBOK SiOx npu ix TpaHcdopMallii B HAHOKOMIIO3UTHY ILTiBKY
SiO2(Si) B pe3ysbTati BUCOKOTEMIIEPATyPHOrO BiAnany. 3a Jonomoroo Metony IY-cnekrpockortii nokasaHo, 1o: -
[Ticsig Tepmoo6podku npu Temmneparypi 700 oC KpeMHil-OKCuAHA MaTPULS 3aIMIIAETHCSI HECTEXIOMETPUYHOIO 3 X
< 2 Ta MOXe OYTH IIpeJCTaB/IeHa K CyMilll MOJIEKYJIIPHUX KOMILIEKCIB Si-Oy-Si4-y (0 <y < 4), 110 OTOUYIOTb
amop(Hi HaHOBKJIIOYEHHS KpeMHilo. - [Ipu Temnepatypax Binnany 800-1000 oC He BifgdyBaeThCs IOBHOTO
azoBoro poaaineHHs B miiBkax SiOx, BOHU cKiafaioTbes 3 ¢pa3 SiOx, SiO2 Ta KpeMHilo, BMICT SIKUX 3aJI€>KUTh Bif],
TeMIIEpPaTypH BiJajy i MOYaTKOBOrO 3HAaYEHHS iHIeKCy cTexiomeTpii X. - Tepmoo6pobka miniBok SiOx nmpu
temnepatypi 1100 oC i Buie npuBOAUTL 4O YTBOPEHHS BKIOYEHb HAHOKPUCTAIIYHOTO KPEMHIIO, OTOYEHUX
OKCUAHOI0 MaTpuLelo SiO2, CTPYKTypa SIKOi XapaKTePU3yeThCS CYMIIIIIIO B3a€MOIIOB'I3aHUX 4- Ta 6 YIEHHUX
Kizenp Terpaenpis SiO4. Bumipu Ta aHasi3 BOJIbT-aMIIEPHUX XapPAKTEPUCTHUK LO3BOJINIIM BCTAHOBUTH, 1IO: -
OCHOBHUM M€XaHi3MOM €JIEKTPOHHOTO TPAHCIIOPTY Yepe3 HaHOKOMMO3UTHI miBku SiO2(Si) € cTpuOKoBuUit
MeXaHi3M 3i 3BMiHHOIO JOBKMHOIO CTpUOKa (MexaHisM MoTTa). - [IpoBifgHICTb ITpM OTHAKOBOMY €JIeKTPUYHOMY I10JIi
GiybIna 1714 MIIiBKY 3 OiZIbIIMM BMiCTOM KPEMHIIO, 110 0OYMOBJIEHO 6i/IbIIOIO KiJIbKICTIO 06ipBaHUX KpEMHi€BUX
3B'A3KiB y IJIiBL Ta MEHILIOI TOBUIMHOIO AieJIEKTPUYHMUX MTPOIIAPKIB Mi’K HAHOKPUCTaJNIaMU. - BibInii HaIJINIIOK
KPEMHIIO IPUBOJAUTS [10 6iybIIOi KiNIbKOCTi 06ipBaHMX 3B'SI3KiB Ta AeEKTiB, [0 B CBOIO Ye€pPry OOYMOBJIIOIOTDb OiIbLIy
KiJIPKiCTb JIOKaJ1i30BaHUX €HEPreTUYHUX CTaHiB 6isst piBHs Oepmi. - [Ipy 3MeHIIeHH] TeMIIepaTypu YMCIo Ta
eHeprist GOHOHIB 3MEHUIYETbCS i CTUMYJIbOBaHI (POHOHAMU CTPUOKU 3 OiJIBIIOI0 €HEPri€lo CTal0OTh MEHII
HAMOBipHUMU. [171 HOCIIB CTal0Th UMOBIpHUMU CTPUOKY Ha BeJIMKI BiCTaHi, 0 JO3BOJISIOTH IOTPANIMTHU Ha BY3JIH,
sIKi J1exkaTh GJIMPKYe 110 eHeprii, Hix 6JIVbKYi 1o BificTaHi cycigu. - 3i 36inpmeHHsM Temneparypu T Ta noss E
301/IbLIYETHCS €HEPTis Ta 3MEHIIYETHCSI BUCOTA 6ap'epy [J1s1 HOCIIB CTPyMy, 110 IPUBOJUTD 10 30iIbIIEHHS

KOHLIEHTPALlig NacToK N, siKi IpUIIMaIOTh y4acTb B CTPYMOIIEPEHECEHHI.

Pedepar aHIJIiHCBKOIO:

A report submitted in one volume has pages, including figures 18, tables 3 and references 21. Keywords:
nanocrystals, technology, ion-plasma sputtering, tructure, infrared spectroscopy, electrical properties, I-V
characteristics, MIS structure. The aim of the project (Phase): The process of self-organizing formation of Si
nanoclusters in SiO2 dielectric matrix by high-temperature annealing of silicon-enriched films SiOx. and to
establish the basic mechanisms of electron transport through SiO2 (Si) film. The basic laws of transformation of
the dielectric matrix- silicon enriched SiOx films during their transformation into a nanocomposite SiO2 (Si) film
as a result of high-temperature annealing have been determined. Using the method of IR spectroscopy it was
shown that: - After heat treatment at 700 °C the silicon-oxide matrix is nonstoichiometric x <2 and can be



represented as a mixture of molecular complexes of Si-Oy-Si4-y (0 ? y ? 4) surrounding amorphous silicon
nanoinclusions. - At annealing temperatures 800-1000 °C there is not a complete phase separation in films of SiOx,
they consist of phases SiOx, SiO2 and silicon, content of which depends on the annealing temperature and the
initial value of stoichiometry index x. - Heat treatment of SiOx films at 1100 °C and above leads to the formation of
inclusions of nanocrystalline silicon that is surrounded by SiO2 oxide matrix, whose structure is characterized by a
mixture of related 4 - and 6 fold rings of tetrahedra SiO4. Measurement and analysis of current-voltage
characteristics revealed that: - The main mechanism of electron transport through the nanocomposite SiO2 (Si)
film is a hopping mechanism with a variable hopping length (Mott mechanism). - The conductivity at the same
electric field is higher for a film with a high content of silicon, due to a large number of dangling silicon bonds in
the film and thinner dielectric sublayers between nanocrystals. - A large excess of silicon leads to a greater
number of dangling bonds and defects, in turn, causes the more localized energy states near the Fermi level. -
When the temperature decreases the number and energy of the phonon decreases and jumps stimulated by
phonon become less likely. For carriers are likely to jump long distances, allowing to get to the nodes that are
closer in energy than the distance to nearby neighbors. -The increasing of energy and decreasing of the barrier
height for the carriers is realized at increasing the temperature T and field E. That leads to the increase in the
concentration of traps N, which are involved in current transport.

Inpexc YIK: 537.311.322, 621.793: 536.53

Koau TemaTuyHHUX pyoOpHK: 29.19.31

KepiBHUKH po6OTH

BiacHe IIpizBuie Im's I10-6aThKOBI: €BTyx AHaTOIII I AHTOHOBUY
HayKoBHI1 CTyIiHb:

Buene 3BaHHs:

InenTudikarop ORCID ID:

JoparkoBa iHdpopmamuist:



VIII. HaykoBa (HayKoBo-TexHiuHa) npoaykuist (HTII)

Ha3zBa HTII yKpaiHCBKOIO: PesysibTaTu HAyKOBUX AOCII/PKEHB 110 TeMi:"JJOCIiIpKeHHS Ta pO3PO6Ka iOHHO-
I171a3MOBUX TEXHOJIOTiN (POPMYyBaHHS KPEMHiIEBUX HAHOKOMIIO3UTIB ITPY BBEIEHHI JOMIIIOK CTUMYJIIOIOUUX [TPOLecu
ca mooprasizauii’. Etan 2. [lociimKkeHHs poLeciB caMoopraHizoBaHoro ¢popMyBaHHS HaHOKIACTePiB Si B
nienekTpyuyHiil matpuui SiO2 B pe3ysbTaTi BUCOKoTemnepaTypHoro abo msupakoro (RTA-rapid thermal annealing)

Bifmasny niaiBok SiOx.

Hassa HTII aHr1ifichbKOIO: Results of scientific researches on theme: "Research and development of ion-
plasma technologies for silicon composite formation at introduction of impurities stimulating of self-organization
processes.” Phase II. "Research of processes of the self-organization formation of Si nanoclusters in dielectric SiO2
matrix as a result of high temperature and rapid (RTA-rapid thermal annealing) annealing of SiOx films.

HTII, sixy nepezn6ayasiocsi CTBOPUTH:

IIpuunnu, yepe3s saki HTII He 6ysio cTBOpeHO:

OTpHuMmaHi pe3yJIbTaTH:

l'asmy3b 3aCTOCYBaHHS: BUpOGHUIITBO HAMIBIIPOBIIHIKOBUX IPUTIAZIB.
PeecTpanifiHuil HOMep KapTKH T€XHOJIOTii:

Omnuc HTII: Orpumani npHUHIMIIOBO HOBI HAYKOBI [JaHi PO BIACTUBOCTI i TApaMeTPU HAHOKJIACTEPHUX

KOMIIO3UTiB HA OCHOBI KDEMHII0 METOZIOM i0HHO-IIJIa3MOBOT'O PO3MUJIEHHS
ConiaibHO-eKOHOMIYHA cnpsamoBaHicTe HTII:
Bnyins HTII Ha moBKiJjs:
BrnpoBagskeHHs HTII: He snposamxkeHo
ITpakTuyHa peasnizanis HTTI
IToyaTok eramy: 2015p
3aKiHYeHHs eTamy:
Cno>kuBavi NpoAyKIii: CrioxuBadi €1€eKTPOHHOI IPOIYKLi
IlepcneKTHBHI PUHKH. PUHKY BUPOGIB €1€KTPOHIKM
XapakTep CriBpOoGIiTHHIITBA 3 iHBECTOPOM
IloTpiGHMI 0GCAT iHBECTHILiH, THC. TPH.: 10
IlpaBa, 0 HaJAIOThCS iHBECTOPY MiCJIsA 3aBEPIIEHHSI POOOTH:
HasiBHiCTB Gi3Hec-myIaHy: Hi
TexHiKO-eKOHOMiYHe OOrpyHTYBaHHsI: Hi
IToTeH1iaIbHUI 00OCST IPOAA’KY, THC. TPH.: 10
OuikyBaHHI TepMiH OKYIHOCTi (POKiB): 5 pokis

HomaTKoBa iH(l)OpMauiﬂ: Bupo6HuiTBo po3pobsenoi npogykuiibaxkani cninbni HIJIKP

IX. Bi6siorpadivyHuii onuc



X. 3aKJIlI0YHi BiTOMOCTI
KepiBHHK I0pHAHYHOI 0COOH
IlepeJtik 0Cci0O-BHKOHABIIiB
€BTyx AHATOJi!1 AHTOHOBUY
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JlicoBcekuii Irop IleTrpoBud
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BigmoBigasbHUH 32 MiATOTOBKY

00JIIKOBHX JOKYMEHTIB
Tenedpon
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KepiBHuk Bigginy YKpIHTEI, mpo €
BiZIOBiZaJIbHUM 3a peecTpallilo HayKOBOIi

OisIIBHOCTI

Mauysnin Bonopumup ®enoposud




