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VII. BizomocrTi npo IiP
Ha3sBa po6oTH yKpaiHCBHKOIO:

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

Ii€JIEKTPUYHUX MATPULSIX Ta €MICITHMX PE30HAHCHO-TYHEJIbHUX CTPYKTYP

Ha3sBa po60oTH aHIJIiHCBHKOIO:

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

Pedepar yKpaiHCBKOIO:

3BIT 1107a€THCS B OIHOMY TOMI i ckiazae 41 CTOPiHKY, y TOMY YMCJIi pUCYHKIB 17, Tabau1b 2, BAKOPUCTAHUX JKEPE]
33. Ki1t04oBi c10Ba: €JIEKTPOHHA I10JIbOBA €MICisl, KDEMHI€Bi HAHOAPOTHU, TEXHOJIOTIS, Fa30TPAHCIIOPTHI peakiii,
IIOPUCTi OKCUIHI MaTpulli, po6oTa Buxony. MeTa eTarny: po3po6UTU TEXHOJIOTII Ta HOCHiuTH Qi3nyHi npoLecu npu
dopmyBaHHi fienekTpruyHuX MaTpulp Al203 ta pocTi HaHOAPOTHH Si B HUX. Po3pobiieHa TexHooris GopMyBaHHS
IIOPUCTUX MATPULb OKCULY AJIOMiHiI0 METOOM €JIEKTPOXIMIYHOIO OKKCJIEHHS aJIIOMIHIIO i IPOBENEHO MOJAJIbIINA
PO3BUTOK TEXHOJIOTii BUPOILYBaHHS HAHOAPOTHH KPEMHIIO Ta BUBUEHHS OCOOJIMBOCTEN POCTY aHCAMOJIIO
HAHOJPOTHUH Si METOIOM XiMiuHOi ra3o(a3oBoi eniTakcii y BiIKpUTiil MPOTOYHIN Ta 3aKpUTiil OpOMifHIN crucTemax
1151 X 3aCTOCYBaHHS B HAHOEJIEKTPOHHUX [IPUCTPOSIX, 30KPEMA, B [T0JIbOBUX €MICIIHMX KaTogax. BctaHoBjieHa
3QJIEXKHICTD AiaMeTpy MOp Ta BifCTaHi MixK IIOpaMH Bif, CKJIaZly PO3UMHY Ta HaPyTy IpU (OPMYBaHHI IOPUCTUX
MaTpULb OKCULY AJIIOMIHII0O METOZIOM €JIEKTPOXIMIYHOIO OKUCJIEHHS aJtOMiHil0. [ToKa3aHo, 10 faHUI METOZ, Iae
3MOTY OTPMMYBATH MaTpULli 3 fiameTpom 1op B fianazoHi 5-130 HM. ONTUMi30BaHO peskuMU POPMYBaHHS
[IOPUCTUX OKCUIHUX MaTpulb. [IokazaHo, WO AJIs BiATBOPIOBAHOIO OTPUMAHHS Li€JIEKTPUYHUX MATPULb OKCULLY
AJIIOMIHIIO 3 MaJIMUM PO3KUIOM JiaMeTpy i BilcTaHi Mk IOpaMy HEOOXiZHO BUKOPUCTOBYBATU 6AraToCTaliiHUN
npouec. Ha nepiit cranii npoBoAUTLCA aHOOHE OKMcIeHHd B 0,3 M po3uuHi 1aBjieBoi KUCaA0Ty 1py Hanpysi 40 B i
temnepartypi 0°C no nporsarom 2 rof. I1oTiM BeCh NOPUCTUN OKCHUJ, AJIIOMIHII0 BUgasnsasca B cymimi kucsor 0,2 M
H2CrO4 i 0,4M H3PO4 nipu 60°C nipotsirom 5xB. [10TiM 3HOBY ITPOBOJIMBCS IPOLIEC aHOYBaHHSL. [ Tak 10 TUX Mip
IIOKU [TOKU He CIIOCTEPIraBcsl pi3Kuii criaf, CTpyMy. B pesysbTati oTpuMyoThes Hopu po3mipom 25 HM. Haii6inbma
BIIOPSIIKOBAHICTh IOCATAEThCS NP HANPy3i 6113bko 40 B, BOHa nostiniyeTbCs 3i 36i7IbIIEHHSIM Yacy [1epuioro
aQHO/IyBaHHSI Ta KOHLEeHTpalii kucaotyu [Ipy TOBUIMHI IITiBKM 2MKM Yac aHOJIyBaHHs CTaHOBUB 15xB. Y pe3ysibTaTi
IIPOBEIEHHS HU3KU €KCIIEPMMEHTIB Y BiIKPUTIil BOGHEBIN IPOTOYHIN Ta 3aKPUTill 6POMIiZHIN cCTeMaX OTPUMAHO
ancam6si HK Si 3 cepennim miamerpom 100 HM. ITokazaHo, 1o cepenHiil AiaMeTp HAHOKPUCTAJIIB 3aJIeKUTD Bif
IiaMmeTpa KoaryJbOBaHUX HAHOKpaIleb Si-Au, a fiaMeTp OCTaHHIX - Bif] TOBIIMHU OCAPKEHOI ILIiBKU 30JI0Ta, [IpU
1IbOMY 301JIbIIEHHS Yacy POCTY IPUBOJUTH 10 3pOCTaHHS JiameTpa HaHOAPOTHUH. [IpoBeleHO MOZEJII0BAaHHS
KIHETMKU NPOLLECY BUPOLIYBAHHS, SIKE Ja€ MOXKJIMUBICTb IIPOTHO3YBAaTU FEOMETPUYHI PO3MIPU KPUCTAIIB, BUXOIAYU 3
OL[iHK/ OCHOBHUX [TapaMeTpiB LjbOro npouecy. Ha 0CHOBi MOZEI0BaHHS aKCialbHOTO POCTY KPEMHIEBUX
HUTKOIOAIOGHMX KPUCTAJIiB METOLIOM XiMiUHOTO IapOBOT0 OCA/I’)KEHHS Y 3aKPUTIill CUCTEeMi BUBHAYEHO KPUTUYHUI
IiaMeTp HaHOKPUCTAJIB (45 HM), IKUi1 0OMEXYETbCSI TPAHNYHUM MepecUuyeHHsIM y cucTeMmi. [TokasaHo, 1mo
IIBUAKICTb pafiajbHOTrO pOoCcTy HaHOPOo3MipHMX HK HaliMeHIIoro giaMeTpa nyKe maja i IpakKTU4YHO He 3aJIeKUTD Bif,
ZiaMeTpa, HATOMICTh KPUCTaJIU GiBIIOTO AiamMeTpa 3a3HAI0Th iCTOTHOTO ITOTOBIIEHHS 32 MEXaHi3MOM Mapa-
KpHUCTaJI, 1O Ja€ 3MOry IPOTHO3yBaTU F€OMETPUYHI PO3MIpH siipa Ta 060JIOHKY KPUCTaJA IJ1s1 CTBOPEHHS

pagfiiaJIbHUX reTEPOCTPYKTYP, MPUIATHUX [J151 €JIEKTPOHHUX 3aCTOCYBaHb.

Pedepar aHIJIiHCBKOIO:

Report is submitted in one volume and has 41 pages, including graphics 17, tables 2, used sources 33. Keywords:
electron field emission, silicon nanowires, technology, gas transport reactions, porous oxide matrix, work function.
The purpose of the phase: to develop technologies and investigate the physical processes at the formation of
Al203 dielectric matrix and growth of Si nanowires in them. The formation technology of the porous alumina



matrix by electrochemical oxidation of aluminum has been developed and further development of the technology
for growth of silicon nanowires has been performed. The characteristics of growth of the ensemble of silicon
nanowires at epitaxy by chemical vapor deposition in open flowing and closed bromide systems for their
applications in nanoelectronic devices, such as field emission cathodes have been studied. The dependence of pore
diameter and the distance between the pores on the composition of the solution and voltage during the formation
of porous aluminum oxide matrix by electrochemical oxidation of aluminum has been determined. It is shown that
this method allows to obtain a matrix with pore diameters in the range of 5-130 nm. The conditions of porous
oxide matrix formation have been optimized. It was shown that the reproducible obtaining of dielectric matrix of
the aluminum oxide with a small spread of the diameter and the distance between the pores can be realized by the
use of multistage process. The first stage of anodic oxidation is carried out in 0.3 M solution of oxalic acid at a
voltage of 40 V, a temperature of 0 ° C and for 2 h. Then all porous aluminum oxide layer is removed by acid
mixture of 0.2 M H2CrO4 and 0,4 M H3PO4 at 60 ° C for 5 min. Then again anodization process is performed. And
so until the sharp decline in current. As the result pore size of 25 nm has been obtained. Most orderliness is
achieved at a voltage of about 40 V, it is improved with increasing the time of the first anodizing process and acid
concentration. At the film thickness of 2mkm the anodization time was 15 min. As a result, a series of experiments
in open hydrogen flowing and closed bromide systems the ensembles of Si NCs with an average diameter of 100
nm have been obtained. It is shown that the average diameter of the nanocrystals depends on the diameter of
coagulated nanodrops of Si-Au, and the diameter of the latter depends on the thickness of the deposited gold film,
thus the increasing of the growth time leads to an increase in the diameter of nanowires. The modeling of the
kinetics of the growing process makes it possible to predict the geometric dimensions of the crystals, based on the
main parameters of the process. Based on the modeling of axial growth of silicon whiskers by chemical vapor
deposition in a closed system ther critical diameter of nanocrystals (45 nm) has been defined. It is limited by
supersaturation in the system. It is shown that the rate of radial growth of nanoscale NCs of the smallest diameter
is too small and does not depend on the diameter, while larger diameter crystals undergo substantial thickening by
vapor-crystal mechanism. It allows to predict the geometric dimensions of the core and shell of the crystal to
create the radial heterostructures suitable for electronic applications.
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