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Pedepar (yxp)

3BIiT ojaeTscs B ODHOMY TOMi i ckjajae 86 CTOPIHOK, Y TOMY YMCJi PUCYHKIB 42, Tabnulp 4, BUKOpPUCTaHUX mxepes 100.
Kio4yoBi cjioBa: MIKpO- Ta HaHOCTPYKTYPOBaHa IOBEPXHS, KPEMHi€Bi HAaHOIPOTH, METaJ-KaTaJiTU4YHE XiMiYHE TpaBJIEHHS,
€JIEKTPOXiMiUHe TpaBJIEHHS], IOPUCTI OKCUAHI MaTpulli. MeTa npoekTy: JocCiIpKeHHs Ta po3pooKa GOpPMyBaHHS BIIOPSIIKOBAaHUX
HaHOCTPYKTyp, @ CaMeé CHCTEM $SIMOK Ta HAHOJAPOTIB, Ha I[OBEPXHi KPEMHII0 [JIs CTBOPEHHS BHUCOKOE(EKTHUBHUX
(oroenexTpuIHNX NEepeTBOPIOBAYiB. B pe3ysibTaTi BUKOHAHHS IPOEKTYy OTPMMAaHi HACTYIHI OCHOBHI pe3ysbraru: 1. Po3pobieHa
TeXHOJoriss GOPMYBaHHSI HAaHOAPOTUH KPEMHII0 METOOM METayj-KaTaliTUYHOrO XiMiYHOro TpaBjeHHS. BCTaHOBJIEHO, WO IIpU
TpaByIeHHi KpeMHio y po3urHi HF /AgNO3 npoTsarom 5 xB. YTBOPIOIOTHCS NMPOCTi MPOTPaBJEHi CTPYKTYpH, a npoTiIrom 30 XB.-
HUTKONOZAiOHI Kpuctanu. MopudikyBaHHS MeETOHy MeTan-KaTaJiTUYHOrO XiMiYHOrO TpPaBJIEHHS LUISIXOM Pi3HOTO CIOCo6y
CTBODEHHSI MACKU [03BOJIMJIO OTPUMATH PETYJISIPHI HAHONOPYBATi CTPYKTYpU Si 3 cepenHiM giameTpom mop nopsaky 700-800
HM, a TaKOX JOBLJIbHO BIIOPSIIKOBAaHI HAaHOIOPYBATi CTPyKTypu 3 giamerpom nop 200 HM. Ha ocHOBI aHasi3y TEXHOJIOTIYHUX
0COOJINBOCTEN PO3IJISIHYTUX METOJiB OTPUMAaHO HAaHOCTPYKTYpOBaHi IOBEPXHi KPEMHIIO, $IKi XapaKTe€pU3yBaJMCh BUCOKOIO
MOIJIMHAJIBHOIO Ta HU3bKOIO BiOMBHOWO 37aTHicTIO. 2. I[Ipn GopMyBaHHI KPEMHiI€BUX HAaHOILPOTHMH METOAOM €JIEKTPOXiMiYHOTO
TpaBJICHHSI BCTaHOBJIEHO, IIO [AOJABaHHS OKMCHMKA [0 PO3YMHY €JIEKTPOJITY 30i/blllye €JIEKTPOLHMI MOTEHLial KPEMHII0
BiZJHOCHO €JIEKTPOJIITY Iifi 4aC €JIEKTPOXiMIYHOTO TPaBJIEHHS 33 PaXyHOK rajbBaHiuHOI aHOAM3Al, 1[0 CIIpUsAe eKCTPaKIii JipoK 3
KPEMHIIO Ha iOHM OKMCHUKA, 3aBIsKU YOMY BiIOyBa€TbCs Oibll OQHOpPifHE TpaBjieHHs 1oBepxHi. llopceTkicTh muiBok por-Si pu
36inpieHHi KoHUeHTpauii H202 Bix 0,97M mo 2,5M 3MeHIyeThcs Maiike B Ba pasu (Bif 3,17 HM mo 1,82 HM). [Ipu Lpomy po3mipu
KPYIIHUX IIOp OJHAKOBi, ajie iX IOBEpPXHEBA KOHLEHTpallii 3MeHIIyeTbCsl. 3alpolIOHOBAaHA MOJEJb [Jisl PO3PAXyHKY ONTUYHUX
napameTpiB IJIiBOK IOPYBAaTOrO KPEMHIIO 3 €JliNCOMETPUYHUX BUMIpiB. B pamkax mozeni 6yJio NigTBepIKEHO, 1O i3 30i/IbIIEHHIM
Yyacy TpaBJIEeHHSI OGHOYACHO 3 TPaBJIEHHSIM 00'€MHOr0 KPEMHiI0 BIJIMO MPOXOAUTh PO3TPABIIIOBAHHS TIOBEPXHI BXXe C(POPMOBAHUX
HaHOKPUCTaJIiTiB por-Si. 3. BUKOpUCTaBIIA METOJ, XiMiYHOrO IMapoBOro OCaJKEHHS Y BiJKPUTIM MPOTOYHIN CHUCTEMi OTPUMAaHO
MacyBU HAHOBICKePiB Si Ha KpeMHieBil nigxkianui 3 cepegHiMm giamerpom 200-600 HM. BcTaHOBIIEHO, 10 MiHIMasIbHE 3HAYEHHS
KoedilieHTa BifOMBaHHS 1715 HAHOBICKepiB Si CTaHOBWIO 5%, a MakcuMasbHe 3HaueHHsS KoediljieHTa noravHaHHS 97%. Sk
pe3yJIbTaT, 3allPONIOHOBAHO KOHIIEMIIiI0 CTBOPEHHS aHTUBIIONBHUX TIOBEPXOHb HA OCHOBI HaHOBICKepiB Si, BUPOLIEHUX METOIOM
XiMIiYHOTO IApOBOTO OCAJKEHHSI Ta HAHONOPYBATUX CTPYKTYpP Si, OTPMMaHMX MaTOLOM METaJI-KaTaJiTUYHOTO XiMiYHOTO
TpaByieHHs. 4. Po3po6seHo Ta ONTHMI30BAaHO peXMMHU (OPMYBaHHSI MOPUCTHUX OKCHAHUX MATpHllb. BCTaHOBJEHO, IO AJIs
BiZITBOPIOBAHOTO OTPMMAaHHS [i€JIEKTPUYHUX MATPHULb OKCHIY alIOMiHII0 3 MajJMM PO3KMIOM AiaMeTpy i BifcTaHi MK mopamu
HEOOXiZJHO BMKOPHCTOBYBAaTU OaraTocTafiiiHuil mpouec. Ha nepiii cragii npoBoanutecs aHopgHe okucyaeHHs B 0,3 M po3zunHi
maBJieBoi Kucaotu npu Hanpysi 40 B i temneparypi 0°C npotsrom 2 rog. I[1oTiM Becb MOPUCTUI OKCUJ, alIOMIHII0 BUNAJIIETCS B
cymimi kucyor 0,2 M H2CrO4 i 0,4M H3PO4 npu 60°C npotsirom 5xB. [10TiM 3HOBY IIPOBOAUTHCS MPOLIEC aHOAYBaHHS. | Tak 10
TUX TIip TOKU HE CIIOCTEPIraeThCs piskuil cran cTpymy. B pesysnbrarti oTpumyioTecst opu posmipom 20 - 35 HM. Haiibinpma
BITOPSIIKOBAHICTb JIOCSITAETHCSI MPU Hanpysi 6;m3pk0 40 B, BoHa mosinmyeTsest 3i 36i/bIIeHHSIM 4acy IEpUIOro aHO[yBaHHS Ta

KOHIeHTpaLjil Kucsoty. [1py TOBIMHI MJ1iBKY 2 MKM 4Yac aHOAYBaHHS CTAaHOBUB 15 XB.

Pedepar (aHrI)



Report is submitted in one volume and has 86 pages, including 42 Figures, tables 4, used sources 100. Keywords: micro- and
nanostructured surfaces, silicon nanowires, metal catalytic chemical etching, electrochemical etching, porous oxide matrix. Aim:
Research and development of the formation of ordered nanostructures, such as nanowires and pits on the surface of the silicon
to create highly efficient photovoltaic cells. As a result of this project the following results have been obtained: 1. The technology
formation of silicon nanowires by metal catalytic chemical etching has been developed. It was established that at silicon etching
in a solution of HF / AgNO3 for 5 min the simple etched patterns are formed, and within 30 min - whiskers. The modification of
the metal catalytic chemical etching method by different ways for mask creation allowed to obtain the regular nanoporous Si
structure with an average pore diameter of the order of 700-800 nm, and randomly ordered nanoporous structure with pore
diameter of 200 nm. Based on analysis of the technological features of these methods the nanostructured silicon surfaces have
been obtained that are characterized by high absorption and low reflectivity. 2. During formation of silicon nanowires by
electrochemical etching it was found that adding of oxidant to the electrolyte solution increases the silicon electrode potential
relative to the electrolyte during the electrochemical etching by galvanic anodyzation that promotes the extraction of the holes
from the silicon on oxidant ions, so it causes the more uniform etching of the surface. The roughness of por-Si films with
increasing of the H202 concentrations from 0.97M to 2.5M is reduced almost twice (from 3.17 nm to 1.82 nm). The large pore
sizes are the same, but their surface concentration is decreased. The model for calculating of the optical parameters of porous
silicon films based on ellipsometric measurements has been proposed. In frame of this model it was confirmed that
simultaneously with deep etching of bulk silicon there was the additional etching of the surface of already formed por-Si
nanocrystals with increasing of the etching time. 3. Using the chemical vapor deposition technique in open flow system the
arrays of Si nano whiskers on the silicon substrate with an average diameter of 200-600 nm has been obtained. It was
established that the minimum reflectivity for Si nanowhiskers was 5% and the maximum value of the absorption coefficient was
97%. As a result, the new concept of creation of the antireflection surfaces based on Si nanowhiskers, grown by chemical vapor
deposition, and nanoporous Si structures, obtained by metal catalytic chemical etching method, has been proposed. 4. The
conditions for formation of the porous oxide matrix have been developed and optimized. It was established that for reproducible
obtaining of dielectric alumina matrix with small dispersion of the diameter and the distance between the pores it is necessary
to use multi-stages process. At the first stage the anodic oxidation in 0.3 M oxalic acid solution at voltage of 40 V and 0 °C for 2
hours is performed. Then the whole porous alumina is removed in the mixture of acids 0.2M H2CrO4 and 0.4M H3PO4 at 60 °C
during 5 min. Then again, the anodization process is performed. And so on until there is a sharp decline in current. As a result
the pore size of 20 - 35 nm has been obtained. The greatest ordering is achieved at the voltage of 40 V/. It improves with
increasing of the first anodizing time and acid concentration. At the thickness of the film 2 microns the anodizing time was 15

minutes.
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