O6J1ikoBa KapTKa [IiP

I. 3arasibHi BimOMOCTI

Jep>kaBHUH 00J1iIKOBHH HOMeP: 0212U006375

Jep>kaBHUHM peecTpauiliHUI HOMep: 0110U006288

Oco06J1uBi TO3HAYKHU: Binkpura

JaTa peecrtpamnii: 23-03-2012

II. Etran BukoHnauus JiP
Homep eramy: 2

Ha3sBa eramny: JlocnifkeHHs CTPYKTYPHUX , PO3MIPHUX Ta €MiCiiHUX BIACTUBOCTEll aHCaMO6JIiB HAHOAPOTHH

KPEMHIIO 7151 CTBOPEHHS aBTOEMICIMHUX KAaTOJiB 3 IOHMKEHOIO POOOTOI0 BUXOAY.
IToyaTok eramy: 01.2011
3akiH4YeHHs eTamy: 12.2011

Buz 3BiTHOrO AOKYMEHTA: [IpoMiKHMIA 3BiT

I11. BizomocTi npo BukoHaBus JIiP

IloBHe HaliMeHYBaHHSI IOPUAUYHOI 0coou (a00 ITIB ¢izuyHOi 0c00H): IncTUTyT disuku

HamniBNpoOBiaHUKIB iMeHi B.€.JlamkapboBa HAH Ykpainu

Kopg 3a €IPIIOY: 05416952

Micue3Haxoa KeHHS:

dopma BaacHoOCTI:

Cdepa ynpasitiHHS: [Ipesuaia HauionanbHoi akagemii Hayk Ykpainu
InenTudgikarop ROR: He zacrocosyerscs

Poamip opranisarii:

TenedoH: 525-40-20, 525-83-42



IV. BizomocrTi npo cniBBuUKOHaBLiB JIiP

TloBHe HaliMeHYBaHHS IOPHIUYHOI 0coou (a6o ITIB ¢iznuHO0i 0c00H): Kuischkuit HaliOHATBHNIA

yHiBepcuTeT iMmeHi Tapaca IlleBueHKa

Kog, 3a €EJIPIIOY: 02070944

Micue3HaxoaKeHHS: ByJI. Bosmogumupceska, 60, M. Kuis, Kuicbka 06:1., 01033, Vkpaina
dopma BaacHOCTI:

Cdepa ynpaBiriHHS: MiHicTepcTBO OCBIiTH i HAayKu YKpaiHu

ImenTudikarop ROR: He zacrocoyerbcs

Poamip opranisanii:

Tenedon: 2393141

BHeCOK CIiBBUKOHABIIS Y 3BiTHHH €TaIl

IloBHe HaliMeHyBaHHS IOPHUAUYHOI 0coou (a6o ITIB ¢izmyHOi 0c06H): HauioHanbHuil yHiBEpCUTET

"JIpBiBCbKA MOJIiITEXHIKA"

Kopg 3a €IPIIOY: 02071010

MicueSHaxo,T.pKeHHﬂ: ByJ. C. Bangepy, 12, M. JIbBiB, JIbBiBCbKa 00151., 79013, YKpaina
dopma ByracHoCTI:

Cdepa ynpaBiriHHS: MiHicTepcTBO OCBIiTH i HAayKu YKpaiHu

Inentudikarop ROR: He zacrocosyerscs

Po3mip opranisarii:

TenedoH: 380322582111

BHeCOK CIiBBUKOHABIIS y 3BiTHHH €TaIl

V. BimomocTi npo 3amoBHuKa [IiP

IloBHe HaliMeHYBaHHS IOPUAUYHOI 0coou (a6o ITIB ¢izmyHOi 0c00H): HaunionanbHa akagemis Hayk
Ykpainu

Koz 3a €JIPIIOY: 00019270

Micue3HaxoaKeHHS: ByJI. Bononumupceka, 54, M. Kuis, Kuiscbka 0641., 01030, Ykpaina

dopma ByracHoCTI:

Cdepa praBJIiHHﬂZ HanjonanbHa akageMisd HayK YKpaiHu

InenTudikarop ROR: He zacrocosyerscs

Po3mip opranisaiii:

TenedoH: 380442396594, 380442343243



VI. JI>kepeJsia, HanpsiMu Ta o6csaru piHaHcyBauHs JIiP

IlincraBa pjist npoBeaeHHs [IiP: 34 - norosip (3aMOBJIEHHS) 3 LEHTPAILHUM OPraHOM BUKOHABYOI BIajy,

aKkaZieMiero HayK (TOJIOBHUMHU PO3NOPSIHUKAMU O010P)KETHUX KOWITIiB Ha npoBeneHHs: HIIKP)

Hanpsam Q)iHchyBaHHH: 2.3 - BUKOHaHHS pOO0iIT 3a I€P>KaBHUMHU 11iIbOBUMU [IPOrpaMaMu
Jxkepesna (l)iHaHCYBaHHﬂ

7713 - KOIITH AEP>KOIOAKETY

Kopg, nporpamuoi Kinacudikanii BugaTkis i KpegurysaHHs (KIIKBK): 6541030

dakTHyHu 00car ¢piHaHCYBaHHS (THC. IpH.). 120




VII. BizomocrTi npo IiP
Ha3sBa po6oTH yKpaiHCBHKOIO:

JocminKeHHs Ta po3pobKa aBTOEMICIIHMX KaTOMiB Ha OCHOBI peryysipHuX aHCaM0J1iB HAHOAPOTHUH KPEMHIIO B

IlieJIeKTPUYHUX MaTPULLX Ta eMiCiiHUX pE30HAaHCHO-TYHEJIbHUX CTPYKTYP.

Ha3sBa po60oTH aHIJIiHCBHKOIO:

Research and development of regular arrays of silicon nanowires in dielectric matrix and resonant-tunneling
structures

Pedepar yKpaiHCBKOIO:

3BIT 1107a€ThCS B OHOMY TOMI i ckiiazae 50 CTOPIiHOK, y TOMY YMCJli PUCYHKIB 28, Tabulb 6, BAKOPUCTAaHUX
Ikepest 38. Kito4oBi ¢j10Ba: €JIEKTPOHHA I10JIbOBA €MiCisl, KpeMHi€BI HAHOLPOTH, TEXHOJIOTI, Fa30TPAHCIIOPTHI
peaxkuii, po6oTa Buxony, KoedillieHT MifcuIeHHs eIeKTPUYHOTO 110Jis, eeKTHUBHA Ioma emicii. Mera erary:
dopmyBaHHSI Ta LOCJIIPKEHHS BJIACTUBOCTEN aHCaMOJIiB HAHOIPOTUH KPEMHIIO 117151 €JIeKTPOHHOI [10IbOBOI eMicil.
Po3po6:eHi TexHos0rii oflepsKaHHS HAHOLPOTUH KPEMHII0 METOJIOM €JIEKTPOXIMIUHOrO TpaBjleHHSI KpEMHIIO Ta
METOAOM XiMIYHMX TPAaHCIIOPTHUX peakuiil. HaBeneHi pe3yabTaTy QOCIiAKEHDb €JIEKTPOHHOI I10JIbOBOI eMICii 3
HAHOJPOTHH MIOPUCTOrO KPEMHII0. B pe3ysibTaTi po3po0OKy Ta LOCIiAKEHHS TEXHOJIOTI] (POPMYBaHHSI HAHOJLPOTHUH Si
B IIPOLIECI €JIEKTPOXIMIYHOTO TPABJIEHHSI KDEMHIIO BCTAHOBJIEHO, IIO: - OLABAHHS OKACHUKA JI0 PO3YMHY
€JIEKTPOJITY 36i/bliye €JIEKTPOLHUI IIOTEHIiajl KPEMHIIO BiTHOCHO €JIEKTPOJITY Iif] Yac eJIEKTPOXiMi4YHOro
TPaBJIEHHS 33 PAXYHOK TaJIbBaHIYHOI aHOAM3ALlil, [0 CIIPUsIE€ €KCTPaKLil IipOK 3 KDEMHIIO Ha i0OHM OKMCHUKA,
3aBISIKA YOMY BiZiOyBaeTbCsl OiIbLI OGHOPiLHE TPaBiaeHHs MoBepxHi. [IlopcTKicTs m1iBok por-Si npu 36isbiieHH]
KoHueHTpauii H202 Big 0,97M no 2,5M 3MeHIIyeThCsl Maiike B Ba pasu (Bix 3,17 HM 1o 1,82 um). ITpu 1jpomy
PO3MipH KPYIIHUX [IOP OJHAKOBI, ajie iX IOBepXHEBA KOHLEHTPallil 3MEHIIYEThCS; - IIPU OJHAKOBOMY 4aci pOoCTy
por-Si eMicCiiiHi BIaCTUBOCTI OTPUMaHUX CTPYKTYP IMOKPAILYIOThCA i3 3SMEHLIEHHSM I'YCTUHU CTPYMY TPaBJIEHHS 10
3HaueHb 1 MA /cM2. Lle IOSICHIOEThCS THM, 11O ITPU MaJIMX I'YCTUHAX CTPYMY aHOJM3allii IOpPUCTICTb OBEPXHI
HIDKYA, i Ha IOBEPXHIO BUXOSTD OiJIbII KPYIIHIIIi HAHOKPUCTAJIITH, SKi MalOTh JOOPUI €J1€EKTPUYHUI KOHTAKT 3
MiAKIaIMHKOI0; 3alIPOIIOHOBAHA MOJIEJIb 171 PO3PAXYHKY ONTUYHUX ITapAMETPIB IUIIBOK [IOPYBATOrO KPEMHIIO 3
eJlincoMeTpUYHUX BUMIpiB. B pamkax mopesi mokazaHo 6yJio MigTBepIKeHO, 1o i3 36i1bLIIeHHsIM 4acy TPaBJieHHSs
O/IHOYACHO 3 TPaBJIEHHSIM 06'€MHOI'0 KPEMHIIO BIJINO IPOXOAUTb PO3TPABJIIOBAaHHS MTOBEPXHI BXXe CHOPMOBAHUX
HAHOKPUCTAJIITIB por-Si. 3alipONIOHOBaHA MOJEJIb €EHEPreTUYHOI 30HHOI CTPYKTYpU KPEMHI€BOI HUTKM POr-Si Ta
pO3paxoBaHi po3Mipu OKPEMUX HAHOKPUCTAJIITIB, 3 SIKUX CKJIQHA€TbCsl HUTKA. Pe3yibTaty, OTpUMaHi 3 eMiCinHux
BAX, yaromxytoTbcst 3 ACM 300pakeHHsIMU, a caMe: pO3Mipy HAaHOKPHUCTAJIITiB cTaHOBIATH 1,5-2,8HM. PoboTa
Buxony =3,5eB; edpexTuBHa mioma emicii =2x 10E-15 cm2; popm-daxrop =5,54 x10E9cM-1. B pesysbTati po3poobku
Ta JOCJiIPKEHHS TEXHOJIOTI (POpMyBaHHSI HAHOAPOTHH Si METOAOM XiMiYHMX TPAHCIIOPTHHUX PEaKIill OTPUMaHi
HACTYIIHI Pe3y/IbTaTy: - BUBHAUYEHO TE€XHOJIOTIUHI pEeXKUMU POCTYy HAHOOO0'€KTIiB KPEMHII0 Ha HaMiBIPOBITHUKOBUX
migKankax. BctaHoBJ€HO, 1[0 HA KpeMHINOBIl niAKaa1i 3 NIiBKOIO 30710Ta TOBIIMHOI d= 4-5 HM NpU 3HaY€HHi
4gacy pocTy t=5 XB. 0CaJKyIOTbCSI KPUCTAJU 3 cepefHim piametpom ~ 50 - 60 HM i Bucoroio ~ 100 - 200 HMm.
36inblIeHHS Yacy BUPOLyBaHHS HAHOOO' '€KTIB y 2 pa3u MPUBEJIO A0 MOSIBU KPUCTAaliB 6inbmoro giametpy ~ 70 - 110
HM; - Ha ocHOBI gocnizkeHHs HK Si Ta Sil-xGex MeToamy CKaHyI040i Ta IPOCBiYYI040i €JIEKTPOHHOI MiKpOCKOTIii
II0Ka3aHo, 10 HUTKOMOAiIOHUI KPUCTAJI - 1€ TeTepPOCTPYKTYPa, L0 CKJIAAETHCS 3 KPUCTAIYHOTO /pa Ta
HaHOMOPUCTOi 060I0HKK. TOBIIMHA HAHOIIOPUCTOI 060JIOHKM 3MiHIOEThCS Bif, 10 HM 10 300 HM B 3aJ1€XKHOCTI Bif
MIOINIEPEYHOrO JliaMeTpa Ta YMOB BUPOLLYBaHHS KpUCTaliB. [IokazaHo, 0 y HAHOAPOTAaX MOXKJIMBE YTBOPEHHS
000JIOHOK JBOX THIIIB: @) 3 IIaJKOI0 TOBEPXHEIO Ta MaJIUM PO3MipOM IMOP Ta MiXKITOpoBUX CTiHOK 0,4 HM Ta 6) 3
II€PeX0BATOI0 IOBEPXHEI0, PO3MipU NOP Y $IKiil 3MiHIOIOTBCS Bif 3 0 5 HM. BCTaHOBJIEHO, 1110 YTBOPEHHS 000JIOHK!
[IEBHOTO TUITy BU3HAYAETHCS CIIBBIAHOMIEHHSIM [IOTOKY aaTOMIB Ha IIOBEPXHIO KPUCTAJy JS Ta IIOTOKY 33 PaXyHOK
nrysaii o 60koBil cTiHui KpucTtany JD. 3a ymosu JS<JD yTBOprOBaTUMETbCSI HAHOIIOPUCTA 000JIOHKA I1EPIIOTO

TUILY, a 32 yMOBU JS>]D, yTBOPIOBAaTMMETLCS HAHOIIOPMCTA 0O0JIOHKA APYTOro THITY.



Pedepar aHIJ1iHCBKOIO:

A report is submitted in one volume, 50 pages, including figures 28, tables 6, 38 used sources. Keywords: electron
field emission, silicon nanowires, technology, gas-transport reactions, the work function, the enhancement of the
electric field, the effective area of emission. The purpose of Phase: Formation and study of the properties of
ensembles of nanowires of silicon for electron field emission. The technologies of silicon nanowires formation by
electrochemical etching of silicon and by chemical transport reactions have been developed. The results of
investigations of electron field emission from porous silicon nanowires have been presented. As a result of
research and development of the technology of Si nanowires formation in the process of electrochemical etching
of silicon it was found that: - adding an oxidant in the electrolyte solution increases the electrode potential of
silicon with respect to the electrolyte during the electrochemical etching due to galvanic anodization, which
promotes the extraction of holes from the silicon ions in the oxidizing agent, so is more uniform etching of the
surface. The roughness of por-Si films with increasing H202 concentration from 0.97 M to 2.5 M decreased almost
twice (from 3.17 nm to 1.82 nm). In this case the size of large pores are the same, but their surface concentration is
reduced; - at the same growth time of por-Si the emission properties of the resulting structures are improved with
a decrease in the etching current density up to values of 1 mA/cm2. This is explained by the fact that at low
current densities at anodization the porosity of surface is lower and, and larger nanocrystallites come to the
surface, and they have good electrical contact with the substrate; The model for the calculation of the optical
parameters of porous silicon with ellipsometric measurements has been proposed. In frame of the model has been
shown that at increasing of etching time in conjunction with the deep etching of bulk silicon the etching of already
formed surface nanocrystallites of por-Si is performed. The model of the energy band structure of silicon
nanowire of por-Si and the calculated size of the individual nanocrystallites have been proposed. The results of the
emission current-voltage characteristics are consistent with the AFM images, namely: the size of nanocrystallites
is 1.5-2.8 nm. The work function = 3.5 eV, the effective area of emission = 2 x10E-15 cm2, the form factor =
5,54x10E9sm-1. As a result of research and development of the technology of Si nanowires formation by chemical
transport reactions the following results have been obtained: - the technological regimes of growth of silicon
nanostructures on semiconductor substrates have been defined. It was found that on a silicon substrate with a
gold film of thickness d = 4-5 nm, and at value of the growth time t = 5 min. the precipitated crystals with an
average diameter of ~ 50 - 60 nm and a height of about 100 - 200 nm have been deposited. The Increasing the
growth time of nanoobjects into 2 times led to the emergence of large-diameter crystals of ~ 70 - 110 nm; - based
on the studies of NC Si and Sil-xGeh by scanning and transmission electron microscopy it was shown that whisker
is a heterostructure consisting of a crystalline core and nanoporous shell. The thickness of the nanoporous shells
varies from 10 nm to 300 nm depending on the transverse diameter and the conditions of crystal growth. It is
shown that the nanowires can be formed in the shells of two types: a) with a smooth surface and small pore size
and wall between pores 0.4 nm and b) with rough surface on which the pore sizes vary from 3 to 5 nm. The
formation of a certain type of shell is determined by the flow of adatoms on the surface of the crystal JS and flow
due to diffusion along the lateral wall of the crystal, JD. If JS<JD the nanoporous shell of the first type is formed and
at JS>JD, the nanoporous shell of the second type is formed.

Inpexc YIK: 537.311.322, 621.793, 536.53.

Koau TemaTuyHHUX pyoOpHK: 29.19.31

KepiBHUKH po6OTH

BiacHe IIpizBuie Im's I10-6aThKOBI: €BTyx AHaTOJII i AHTOHOBUY
HayKkoBui1 CTyIiHb:

Buene 3BaHHS:

Inentudikarop ORCID ID:



JoparkoBa iHdpopmamnist:

VIII. HaykoBa (HayKoBO-TexHiuyHa) npoayKuist (HTII)

Hazsa HTII praiHCbKOIOZ Pe3ysnbTaT HAYKOBUX [OCIIIKEHb Ta PO3POOOK 1O TeMi "JlocimkeHHs Ta
PO3p0OKa aBTOEMICIMHUX KaTOJiB HA OCHOBI PETYJISIPHUX aHCaMOJIiB HAHOJIPOTUH KPEMHIIO B JlieJIEKTPUYHUX
MaTpULAX Ta eMICIMHUX PE30HAaHCHO-TYHEJIbHUX CTPYKTYP." ETan 2. " JlocmifiKeHHs, CTPYKTYPHUX, PO3MIDHUX Ta
€MICIlIHMX BJIaCTUBOCTEH aHCaM0J1iB HAHOAPOTHH KPEMHIIO [1711 CTBOPEHHS aBTOEMiCilHUX KaTO/iB 3 TOHIDKEHOIO

poboToo BUXOay"

HasBa HTII aHT/IiHiCbKOIO: Results of scientific researches and developments on theme: " Research and
development of regular arrays of silicon nanowires in dielectric matrix and resonant-tunneling structures.” Phase
2. " Investigation of the structural, dimentional and emission properties of arrays of the silicon nanowires for
creation of electron field emission cathodes with low work function."

HTII, axy nepenba4asiocsi CTBOPHUTH:

ITpuunnu, yepe3s saki HTII He Gysi0 cTBOpeHO:

OTpumaHi pe3yJIbTaTH:

l'asy3s 3aCTOCYBaHHS: BupoGHMIITBO HAMIBIPOBIIHUKOBUX IIPUTIALB.
PeecTpanifiHuii HOMep KapTKH T€XHOJIOT1ii:

Omnuc HTII: Asroemiciitti (os1b0Bi €MiCiiiHi) KaTOIM HA OCHOBI HAHOAPOTHUH KPEMHIIO 3 TOHIKEHOIO POGOTOIO

BUXOJY.

ConiasibHO-eKOHOMIYHa cnpsimoBaHicTe HTII:

Brnyius HTII Ha moBKiJjs:

BnpoBaaykennss HTII: He snposamxeno

ITpakTuyHa peasnisanis HTII
IToyaTok eramy: 2015p
3aKiHYeHHs eTamy:

Cno>kuBayi npo,uyKuii': CrioxkuBayi eJIEKTPOHHOI MPOAYKLii

IlepcrieKTHBHI PUHKH: PuKy BUPOGIB €71EKTPOHIKK

XapakTep cniBpOOIiTHHIITBA 3 iIHBECTOPOM
IToTpiOHMI 06CAT iHBECTHILiH, THC. IPH.: 10
IIpagBa, 0 HaAAIOTHCS iIHBECTOPY MicCJIsA 3aBEPIIEHHS POGOTH:
HasiBHicTb Gi3Hec-myIaHy: Hi
TexHiKO-€eKOHOMiYHE OOrpyHTYBaHHSI. Hi
IloTeH1iaILHUI 06CST POJASKY, THC. TPH.: 10
OuiKkyBaHHI TepMiH OKYMHOCTI (POKiB): 5 pokis

HopaTtkoBa iHpopMaList: BupobHuuiTBo po3pobeHoi nponykijiibaxani crinbui HIJIKP



IX. Bi6sriorpadiuHuii onuc

X. 3aKJII0YHI BiTOMOCTi

KepiBHHK I0pHAHYHOI 0COOH Mauyzin Bonosumup dezioposiy
IlepeJtik 0Cci0O-BHKOHABILiB

€BTyx AHATOJIi1 AHTOHOBUY

Bparyce Oser JleoHinoBruy

Kussak Anarosin FOpiioBuy

JInutoByeHnko Bonogumup I'puroposuy

BignoBigasibHUMH 3a HiATOTOBKY

00JIIKOBHX JOKYMEHTIB
Tenedpon

PeecTpartop

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiZIIIOBiZaJIbHUM 3a pEeECTpallil0 HAyKOBOi

OisIIBHOCTI




