O6J1ikoBa KapTKa [IiP

I. 3arasibHi BimOMOCTI
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Jep>kaBHUHM peecTpauiliHUI HOMep: 0110U006288

Oco06J1uBi TO3HAYKHU: Binkpura

JaTa peecrtpamnii: 10-12-2014

II. Etran BukoHnauus JiP
Homep erany: 5

Ha3sBa eramny: JlocnimkeHHs 0COGIMBOCTEN €1eKTPOHHOI 110JIb0BOI eMicii 3 pe30HAHCHO-TYHEIbHUX CTPYKTYP Ha
ocHoBi HJI Si mokpuTHx HaHOKOMIIO3UTHOIO MIiBKOIO SiO2(Si). PekoMmenpaii mopmo Bukopuctanusa HJI Si ta

CTPYKTYP Ha IX OCHOBI B IPUJIalaX €MiCiHOI HAHOEJIEKTPOHIKMU.
IlouyaTok eramy: 01.2014
3akiH4YeHHs eTamy: 12.2014

Bup, 3BiTHOr0 JOKYMEHTA: OCTaTOYHUIA 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 cniBBuUKOHaBLiB JIiP

IloBHe HaliMeHyBaHHs IOPUIUYHOI 0coou (a6o ITIB ¢izuuyHO0i 0c06H): Hanionanbuuii yHiBepcuTeT
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Poamip opranisanii:

Tenedon:

BHeCOK CIiBBUKOHABIIS Y 3BiTHHH €TaIl

V. BizomocTi npo 3amoBHuKa JIiP

IloBHEe HaliMeHYBaHHS IOpUAHUYHOI 0cobu (a6o ITIB ¢iznyHOi 0c00HM): HanjionanbHa akagemis Hayk
Ykpainu

Kopg 3a €IPIIOY: 00019270

Micue3HaxoaKeHHS: BYJL. BoslomuMupceeka, 54, M. Kuis, Kuiscbka 0641., 01030, Ykpaina

dopma ByracHoOCTI:

Cdepa ynpaBiriHHS: HaujonasnbHa akaziemis HayK YKpaiHu

InenTudikarop ROR: He zacrocosyerscs

Po3mip opraHisamii:

Tenedon: 380442396594

VI. II>kepeJia, HanpsiMHu Ta oocsiru piHaHcyBaHHs JIiP

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

akazemielo HayK (TOJIOBHUMM PO3NOPSIHUKAMU OI0pKETHUX KOWTiB Ha mposeneHHs HIIJIKP)

HanpﬂM (l)iHchyBaHHﬂ: 2.1 - pyHmameHTaNbHI JOCIIIPKEHHS
Ixepesa ¢piHaHCYBaHHS

7713 - KOWITH Eep>KO0I0AKeTy
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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.

Pedepat yKpaiHCBKOIO:

Mera npoekry: JJocnigxkeHHs Pi3nyHMX IPOLIECiB, 110 NPOTIKaIOTh B ITpoLeci GopMyBaHHS KPEMHiEBUX
HaHOJPOTHH, €JIEKTPOHHOI I10JIbOBOI eMicii 3 Si HaHOAPOTUH Ha IJIOCKIiM [TOBEPXHI Ta B [TOPax Lie€JIeKTPUIHOI
MaTpHulli, CTBOPEHHS €MICITHUX PE30HAaHCHO-TYHEJIbHUX CTPYKTYP Ta OOCiIKEHHS (Pi3NYHUX NIPOLECIB [IpU
€JIEKTPOHHI! eMicii B BaKyyM [1719 BUTOTOBJIEHHS IPUJIAJIiB €MiCilIHOI HAHOEJIEKTPOHIKU 3 By3bKUM €HEPreTUYHUM
PO3II0LiNIOM €JIEKTPOHIB. B pe3ysbTaTi BUKOHAHHS [TPOEKTY OTPUMaHi HacTyIHi OCHOBHi pe3ysbTaTu: 1. Po3pobsiena
TEXHOJIOTis1 POpMYyBaHHS KPEMHIEBUX HAHOJPOTHUH 171 €(PEKTUBHO] [10JIbOBOI €MICii HIJISIXOM €JIeKTPOXiMiYHOTO
TpaBJIEHHA KPEMHIIO. BCTaHOBIIEHO, 1110 IIPY OGHAKOBOMY 4Yaci poCcTy por-Si eMicCiiiHi B1aCTUBOCTI OTPUMaHUX
CTPYKTYP MOKPAIIyIOTbCS i3 3BMEHIIEHHSM I'yCTUHU CTPYMY TPaBJIEHHS 10 3HaYeHb 1 MA /cM2. 1]e MosICHIOETbCS TUM,
110 IPYU MaJIUX FYCTUHAX CTPYMY aHOAM3ALlii IOPUCTICTb IOBEPXHI HUXKYA, 1 HA TIOBEPXHIO BUXOMASTH Oi/IbII KPYIIHIIIi
HAHOKPUCTAJITH, SIKi MAIOTh JOOPUil €JIEKTPUYHUI KOHTAKT 3 MiIKIaAUHKOI0. 2. PO3p06€Ha TEXHOJIOTIsS
BHPOILyBaHHS HAHOAPOTHH KPEMHIIO XiMiYHUM OCaJpKeHHSIM 3 [1apora3oBoi (a3 3a MEexaHi3MOM Iap-piguHa-
KpucTal. BU3BHaY€eHO TeXHOJIOrYHi peKMMU POCTY HAHOOO'€KTIB KPEMHIIO Ha HaMiBIIPOBIAHUKOBUX MiIK/IaIKaX.
BcTaHOBJIEHO, 110 HA KPEMHINOBIN migKiazi 3 M1iBKOI0 3010Ta TOBIMHOWO d 4-5 HM IIpy 3Ha4eHHi 4acy pocty t=5
XB. OCQ/IXYIOTbCSI KDUCTAJIM 3 cepeliHiM JiameTpom ~ 50 - 60 HM i BucoToro ~ 100 - 200 HM. 36ibIIEHHS Yacy
BUPOILyBaHHS HAHOOO'€KTIB y 2 pa3u MIPUBEJIO 10 NOSIBY KPUCTaJiB 6isbiioro aiameTrpy ~ 70 - 110 HM. 3. Po3pobieHa
TEXHOJIOTis1 (POPMYyBaHHSI HAHOAPOTVH KPEMHII0 MeTasl iHIyKOBaHUM METOLOM. BcTaHOB/IEHO, 110 NIpY TPaBJIEHHI
KpeMHilo y po3unHi HF /AgNO3 npoTsrom 5 xB. yTBOPIOIOTbCS IIPOCTi IPOTPABJIEH] CTPYKTYpH, a MPOTArom 30 XB.-
HUTKOMNOAi6HI KprucTanu. 4. Po3pobeHa TexHoorist GopMyBaHHS IOPUCTUX MaTpullb Al203 msxom
€JIEKTPOXIMIYHOT O OKMCJIEHHS QJIIOMIiHiI0. [I715 BiTTBOPIOBAHOTO OTPUMAHHS [Ii€JIEKTPUYHUX MATPULIb OKCULY
AJIIOMIHIIO 3 MaJIMUM PO3KUIOM JliaMeTpy i BiflcTaHi Mk IOpamMy HEOOXiZHO BUKOPUCTOBYBATU 6AraTOCTaiHUN
npotuec. 5. Po3po6seHa TexHOI0ris (GOPMYBaHHS pE30HAHCHO-TYHEIbHUX CTPYKTYP SiO2-Si-SiO2 Ha KpemHieBUX
HAaHOAPOTHHAX Ta HAaHOBiCKepax, sika 6a3yeTbCs Ha OCA)KeHH] 30arayeHrux KpeMHieM TOHKUX ITiBOK SiOX 3
HACTYIIHUM TePMiYHUM Bifi1ajioM, 10 06yMOBJIOE iX TpaHchopMalito B cTpykrypu SiO2-Si-SiO2. 6. Bcranosneni
OCHOBHI 3aKOHOMIPHOCTI €JIEKTPOHHOI I10JIbOBOi €MiCii 3 HAHOAPOTUH KPEMHIIO Ta BU3HAUYEH] iX eMicilHi
rnapaMeTpu. 7. BcTaHOB/IEHI OCHOBHI 3aKOHOMIPHOCTI €71IeKTPOHHOI [10JIbOBOI €MiCii 3 HAHOAPOTUH KPEMHIlO 3i
c(POPMOBAHMMHU PE30HAHCHO-TYHEJILHMMHU CTPYKTypaMu. BrsBiieHi 1Ba Pi3Hi HaXWJIM HA €KCIIEPUMEHTAIbHUX
eMiCiliHUX BOJIbT-aMIIEpHUX XapaKTE€PUCTUKAX, Ta AJISHKY 3 Bil'eMHUM AudepeHiiinum ornopoM. 8. PospobieHa
KOHCTPYKLisl Ta TEXHOJIOTiS BUTOTOBJIEHHS JATYMKa IIPUCKOPEHHS HA OCHOBI €JIEKTPOHHOI [TOJILOBOI €MiICii 3
KPEMHIi€BUX HAHOBICTPiB. BpaxoBy04M CUJIBHY 3aJI€KHICTh aBTOEMICIHOTO CTPYMY Bif] BEJIMYMHU [IEPEMILIIEHHS Ta
Iy>Ke Majly iHepLiifHiCTb PyXOMOTO €JIEKTPO/I, 3alIPOIIOHOBAHI AATYMKU MOXYTb OYTH OCHOBOIO [1J11 CTBOPEHHS
HaJ4YyTJIVBUX aKCEJIEPOMETPIB 3 peecTpalii€lo 3MiH eMiCITHMX CTPYMIB SIK B IMCKPETHOMY BUKOHAHHI, TaK i 1714

CTBOPEHHS €JIEMEHTIB aKCEJIEPOMETPIB B CKJIAli HAHOEJIEKTPOMEXaHIUHUX CUCTEM.

Pedepar aHI1iliChKOIO:

Aim of the Project: The study of the physical processes occurring at the formation of Si nanowire, electron field
emission from Si Nanowire on a flat surface and in the pores of the dielectric matrix, creating of the emission
resonant tunneling structures and study of physical processes at electron emission in vacuum for emission



nanoelectronics devices with a narrow energy distribution of electrons applications. As a result of this project the
following results have been obtained: 1. Technology of silicon nanowires formation for effective field emission by
electrochemical etching of silicon has been developed. It has been established that at the same time of the por-Si
growth the emission properties of the structures are improved with the decrease in current density values to 1 mA
/ cm2. This is because at low current density at anodization the porosity of surface is lower, and there are larger
nanocrystals at the surface that have good electrical contact with the substrate. 2. The technology of silicon
nanowires growth by chemical deposition from the gas-vapor phase according to the vapor-liquid-crystal
mechanism has been developed. The technological conditions of silicon nano-objects growth on semiconductor
substrates have been determined. It was established that the silicon substrate with gold film thickness of d =4-5
nm at the duration of the growth time t = 5 min. the crystals with an average diameter of about 50 - 60 nm and the
height of about 100 - 200 nm were precipitated. Extending the growing time in 2 times led to the appearance of
crystals with larger diameter ~ 70 - 110 nm. 3. The technology of silicon nanowire formation induced by metal has
been developed. It has been established that the etching of silicon in solution HF / AgNO3 for 5 min. caused the
simple etched structures formation and within 30 min. the nanowhiskers were formed. 4. The technology of
porous Al203 matrix formation by the electrochemical oxidation of aluminum has been developed. For
reproducing obtaining of dielectric alumina matrix with small diameter and spread distance between pores the
multistage process has to be used. 5. The technology of resonant tunneling structures SiO2-Si-SiO2 formation on
Si nanowires and nanowhiskers based on the deposition of thin films of silicon-rich SiOx with followed thermal
annealing, which causes their transformation in the structure of SiO2-Si-SiO2, has been developed. 6. The basic
peculiarities of electron field emission from silicon nanowires and their emission parameters have been
determined. 7. The basic laws of electron field emission from silicon nanowires with formed resonant tunneling
structures have been determined. Two different slopes on experimental emission current-voltage characteristics
and plots with negative differential resistance have been revealed. 8. The design and manufacturing techniques of
acceleration sensor based on electron field emission from silicon nanotips have been developed. Due to the strong
dependence of field emission current values on displacement and very low inertia of movable electrode the
proposed sensors can be as the basis for the creation of supersensitive accelerometers based on registration of
emission current changes as in the discrete performance and for creating of the accelerometers parts in the

nanoelectromehanical systems.

Inpexc YIK: 537.311.322, 621.793, 536.53

Koau TeMaTHYHHUX PyOpHK: 29.19.31
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VIII. HaykoBa (HayKoBo-TexHiuHa) npoaykuist (HTII)

Ha3zga HTII yKpaiHCBKOIO: ABTOEMICIiiHI KaTO[M HA OCHOBI PETYJIAPHUX aHCAMOIIIB HAHOAPOTUH KPEMHIIO B

JieJIEKTPUYHUX MATPULSIX TA €MICIIHI pE30HAaHCHO-TYHEJIbHI CTPYKTYPHU.

Ha3zpa HTII anrsiiicbKo10: Field emission cathodes based on regular arrays of silicon nanowires in dielectric

matrix and resonant-tunneling structures.

HTII, sixy nepen6a4asiocsi CTBOPUTH:

IIpuunnn, yepe3s aki HTII He Gysi0 cTBOpeHO:

OTpumaHi pe3yJIbTaTH:

l'asy3s 3aCTOCYBaHHS: BupoGHUIITBO HAMIBIPOBIIHUKOBUX IPUTIALB.
PeecTpaiifiHuii HOMep KapTKH T€XHOJIOT1i:

Omnuc HTII: Asroemiciitti (osib0Bi €MiCiiiHi) KaToM HA OCHOBI HAHOAPOTHUH KPEMHIIO 3 TOHMKEHOIO POGOTOIO

BUXOJY.
ConiannbHO-eKOHOMIYHA cripsimoBaHicTs HTII:
Bnyius HTII Ha moBKiJjs:
Bnposags>keHHs1 HTII: He snpoBamxeHo
ITpakTuyHa peasnizanis HTTI
IToyaTok eramy: 2015p.
3aKiHYeHHs eTamy:
Cno>kuBayi npo,quI.li'l': CrioxxuBayi eJIEKTPOHHOI MPOAYKLii
IlepcrieKTHBHI PUHKH: PUHKN BUDOGHUKIB €EKTPOHIKM YKpaiHu
XapakTep cniBpOoOiTHHIITBA 3 iHBECTOPOM
IoTpiGHMIT 06CAT iHBECTHILiH, TUC. TPH.: 10
IIpaBa, 0 HaAIOTHCS iIHBECTOPY MiCJIsA 3aBEpPLIEHHsT POOOTH:
HasiBHicTb Gi3Hec-myIaHy: Hi
TexHiKO-€eKOHOMiYHE OOrpyHTYBaHHSI. Hi
IToTeH1iaILHUI 0OCST POAASKY, THC. TPH.: 10
OuiKyBaHHI TepMiH OKYIHOCTi (POKiB): 5 pokis

HopaTtkoBa iHpopMaList: Bupo6uuiTBo po3pobeHoi nponykujiibaxani crinbui HIJIKP
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