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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:

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

Pedepat yKpaiHCBKOIO:

3BIT 1107a€THCS B OHOMY TOMI i ckj1aziae 44 CTOPiHKY, Y TOMY YMCJI PUCYHKIB 9, TabnuLb 1, BAKOPUCTAHUX JKepel
48. Ki1104oBi €10Ba: €JIEKTPOHHA 10J1bOBA €MICisl, KPEMHi€BI HAHOJPOTHU, TEXHOJIOTiS, Fa30TPAHCIIOPTHI peakuiii,
poboTa Buxony, KoedillieHT HifCcuIeHHs eeKTPUYHOTO 11oJis, edeKTUBHA oA eMicii. Mera etary: JJocimkeHHS
(di3snYHMX NPOLIECIB, 1O MPOTIKAIOTh NTpY GOPMYyBaHHI KpeMHi€EBUX HAHOAPOTHH Ta MOJIEJIIOBaHHS IIPOLECIB
€JIEKTPOHHOI 110J1b0BOi eMicii 3 Si HaHOPOTUH. Bysia po3pobJieHa TeXHOJIOTisE OTPUMaHHS KpeMHi€eBUX HAHOAPOTHH
(HZ Si) MeTonoM ra30TpaHCIIOPTHUX Peakliil. BU3HaueHO TeXHOJIOTi4HI PEXXUMU POCTY HAHOOO'€KTiB KPEMHIIO Ha
HaMiBIIPOBIIHUKOBUX MiJIKJaTKax. BCTaHOBIEHO, [0 Ha KPEMHIHMOBI MiAKIaAL| 3 IIJTIBKOIO 30J10Ta TOBIIMHOIO d 4-5
HM IIpM 3Ha4Y€HHi Yacy POCTy t=5 XB. 0CaJKyIOTbCsl KpUCTAJIH 3 cepelHiM AiameTpom ~ 50 - 60 M i BucoToto ~ 100 -
200 HM. 36isblI€HHS Yacy BUPOLIyBaHHS HAHOOO'€KTIB y 2 pa3u NIPUBEJIO A0 MOSIBU KPUCTAJIB 6iIbLIIOrO AiaMeTpy
~70 - 110 uM. [TpoBeieHO MOZIeIIOBAaHHS KIHETUKYM POCTY HUTKONOAIOHMX KPUCTAJIB KDEMHIIO METOLOM ra3odasoBoi
€MiTaKcii 3 ypaxyBaHHSIM MEXaHi3My POCTY Napa-pigyuHa-KpUCTal. BpaxoByooun, 0 BEJIUYMHA [I€PEHACUIEHHS
craHoBuna 0,33, oljiHeHO BeJIMYMHY KiHETMYHOro KoedinieHTy Kpucraniszauii ~ 3-10-6 cm/c. OfepkaHi BeIMYMHY -
[IepEeHACU4EHHS, LIBUAKICTb Pagia/lbHOTO POCTY, KiHeTUYHi KoedillieHTH 10Ope y3roIKyIOThCS 3 JliTepaTypHUMU
IJaHuMU. Ha OCHOBI IPOBEEHNX EKCIIEPMMEHTIB MOXKHA BiJ3HAYUTU TaKi 3aKOHOMIPHOCTI BUPOIIyBaHHs
HAaHOAPOTHH KpeMHilo: 1) Ha nepuiii ctanii pocTy Ha MigKJIazLi yTBOPIOETHCS MOIKPUCTATIYHUI AP TOBIIMHOIO
npu6sn3Ho 100; 2) Ha Apyrii cTafii BinOyBaeTbCsl PiCT HAHOIPOTIB. 3p06JI€HO IPUIYILEHHS, 110 NOJiKPUCTANIYHUNA
IIap € 3aCO00M [1J1S1 CTBOPEHHSI BUCOKOTO JIOKAJIbHOTO [IEPECUYEHHS B O0JIACTSIX YTBOPEHHSI HAHOAPOTHH i TAKUM
YYHOM € HEOOXiJJHOI0 YMOBOIO BUHMKHEHHS] HAHOIPOTHH. [IpoBeeHO MO/Ie/NI0BaHHS (i3UYHUX NIPOLECIB IIPU
eJIEKTPOHHIM noJboBill emicii (EI1E) 3 H]J Si Ta 3anponoHoBaHi OCHOBHI METOAM BU3HAYEHHS €MiCiIHUX ITapaMeTpiB.
3arporoHOBaHO METOJ, PO3paxyHKy MapameTpiB eMiciliHux BAX, skuil BKitovae: 1) 3HaX0/>)KEHHS CEPEHbOTO
3Ha4YeHHs e(PEKTUBHOI IJIOL] eMicii y By3bKUX iHTepBajiax poO0TU BUXOAY; 2) 3aMiHa CKJIaJHOI €KCIIOHEHLIHO]
dyHKI, siKa € cknagoBoto piBHsAHHS Paynepa-Hopareiima rnosiHomMom 2-ro nopsiaky y piBHaHHI @-H. Januii meTo[,
IO3BOJISIE 3HAUHO CIIPOCTUTU METOJUKY BU3HaYeHHs napametpis EINE. [IpoBefieHi po3paxyHKu napaMeTpiB
€JIEKTPOHHOI I0JIbOBOI eMicii, Ha IIPUKJIafi KpeMHieBUX BiCTpPiB, BKpUTHX ZnO IIiBKOIO, 33 JOIIOMOTOIO ABOX
METOIUK, a CaMe MOPiBHSIHHSIM HaxuJjliB KPUBUX JO i MiCJsl TOKPUTTS TOHKOIO IJIBKOIO Ta 3a JOMOMOTOIO
TEOPETUYHUX PO3PAXYHKIB Y BIIIIOBITHOCTI [0 3alIpOIIOHOBAHOI METOAMKY JAJIA PE3YJIbTATH, i3 IKUX BUJHO, L0
BiIXWJIEHHS MiXX pe3yJibTaTaMUu CTaHOBUTD He Oinbie HiX Ha 10%. Lle Bka3dye Ha MOPiBHSIHO BUCOKY TOYHICTh
Bu3HayeHHs napametpis EINE npu 3acTocyBaHHi 3a1IpOIIOHOBAHOI METOAUKY PO3PAXYHKY IapaMETPiB i3 eMIiCIHUX
BAX. 3anporioHoBaHa opuriHajbHa HepyHHY4Ya METO KA BUu3HaueHHs cTabinpHOCTi EITE 3 BAX, mo 6a3yeTbcs Ha
BM3HAUYE€HHI KOPOTKOYACOBOI HECTabiIbHOCTI eMiciiiHoro ctpymy nipu EIIE, aHasnisyouu craj, cepeHbOro 3Ha4eHs
cTpyMy B Yaci. OueBUIHO, O eMiCiiiHi KaToau, SIKi IPOSIBISIOTh HU3bKY cTabinbHicTh EITE mpu TpuBanux
3aJIEXKHOCTSIX CTPyMy Bif yacy (I=f(t)), matoTb Takox i 6inbLIMI po3KKI, 3HAUeHb Ha eMiciiiHux BAX. Tomy

3alpOINIOHOBaHA METOAMKA 3HMKY€E BUMOTH JI0 pOOOYOro YCTaTKYBaHHS i HE PyiHY€ NOCIIiIKYBaHi 3pa3Ku.

Pedepar aHIJIiHCBKOIO:

The report submitted in one volume has 44 pages, including figures 9, Table 1, the sources of literature 48.
Keywords: electronic 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: A Study of physical
processes in the formation of silicon nanowires and the modeling of electron field emission from Si nanowires. The
technology for production of silicon nanowires (NW Si) by gas-transport reactions has been developed. The
technological regimes of the silicon nanostructures growth on semiconductor substrates have been determined. It
was established that on the silicon substrate with a gold film of thickness d = 4-5 nm, a value of the growth time t =
5 min. precipitated crystals with an average diameter of ~ 50 - 60 nm and a height of about 100 - 200 nm.
Increasing the growth time of nano-objects in 2 times led to the emergence of large-diameter crystals of ~ 70 - 110
nm. The simulation of the silicon whiskers growth kinetics by gas phase epitaxy by taking into account the growth
mechanism of vapor-liquid-crystal. Taking into account that oversaturation was 0.33, the value of the kinetic
coefficient of crystallization 3x10E6 cm / c has been estimated. The obtained values, namely: oversaturation, the
radial growth rate, the kinetic coefficients are in good agreement with literature data. On the basis of fulfilled
experiments it is possible to point on such regularities of the silicon nanowires growth: 1) at the first stage of
growth the polycrystalline layer with a thickness of approximately 100 nm is formed on the substrate, 2) at the
second stage, the growth of nanowires is realized. It is assumed that a polycrystalline layer is a tool for creating
high local oversaturation in the regions of of the nanowires creations and thus is a necessary condition of the
growth of nanowires. The simulation of physical processes at electron field emission (EFE) from Si nanowires (NW)
has been performed and the main methods for the determination of emission parameters have been proposed. The
method for calculating the parameters of the emission current-voltage characteristics includes: 1) finding the
average value of the effective area of emission in narrow intervals of the work function, 2) replacement of the
complex exponential function, which is a component of the Fowler-Nordheim (FN) equation by a polynomial of
degree 2 in the equation FN. This method allows to significantly simplify the method for determination of the EFE
parameters. The calculations of electron field emission parameters in the case of silicon tips, coated with ZnO film
by using two methods, namely by comparing the slopes of the curves before and after coating with a thin film and
with the help of theoretical calculations in accordance with the proposed method gave results which show that the
deviations between the results is no more than 10%. This indicates of relatively high accuracy of determining the
parameters of EFE when applying the proposed methodology for calculating of the parameters of the emission
current-voltage characteristics. An original non-destructive technique for determining the stability of EFE from
the I-V characteristics, based on the definition of short-term instability of the emission current at EFE, analyzing
the decline in the average values of the current time has been proposed. It is obvious that emission cathodes that
exhibit a low stability of EFE with long-time dependence of the current (I = f (t)), also have a greater spread of
values for the emission current-voltage characteristics. Therefore, the proposed method reduces the
requirements for work equipment and does not destroy the samples.
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