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Ordered nanostructures on silicon surface for high efficient photovoltaic cells

Pedepar yKpaiHCBKOIO:

3BIT IogaeThCs B ONHOMY TOMI i ckj1aziae 86 CTOPiHOK, Y TOMY YMCJIi PUCYHKIB 42, TabinLb 4, BUKOPUCTaHUX JIKepel
100. Kio4oBi cy1oBa: MiKpo- Ta HAHOCTPYKTYPOBaHa IIOBEPXHSI, KDEMHI€BI HAHOIPOTH, METaJI-KaTaJIiTUYHE XiMidHE
TpaBJIEHHS], €JIeKTPOXiMiuHe TpaBJIeHHs], IOPUCTi OKCUIHI MaTpulli. MeTa rpoekty: JlociiskeHHs Ta po3pobKa
(OopMyBaHHS BIIOPSAKOBAHMX HAHOCTPYKTYP, & CAMe CUCTEM SIMOK Ta HAHOJPOTIB, HAa IOBEPXHi KPEMHIIO 111
CTBOPEHHS BUCOKOE(DEKTUBHUX (POTOETIEKTPUYHMX I1€PETBOPIOBAYIB. B pe3ysibTaTi BAKOHAHHS TPOEKTY OTPUMAaHi
HACTYIIHi OCHOBHI pe3ysbTaTu: 1. Po3pobiieHa TexHoioris GOopMyBaHHS HAHOAPOTHUH KPEMHII0O METOJIOM MeTasl-
KaTaJliTMYHOro XiMiYHOro TpasyieHHs. BcTaHoBII€HO, 1110 ITpU TpaBJleHHi KpeMHilo y po3uuni HF /AgNO3 npotsrom 5
XB. YTBOPIOIOTbCS MPOCTi IPOTPABJIEH] CTPYKTYpH, a IPOTAroM 30 XB.- HUTKOMNOAi6HI KpucTanu. MonngikyBaHHs
METOZy MeTajI-KaTaliTUYHOTO XiMiYHOTO TPaBJIEHHS IJISIXOM Pi3HOTO CIIOCOOY CTBOPEHHSI MACKU JJO3BOJIAJIO
OTPMMATHU PETYJISIPHI HAHOIIOPYBATI CTPYKTYPH Si 3 cepelHiM TiameTpom nop nopsaaxky 700-800 HM, a TakoX
IOBIJIbHO BIIOPSAIKOBAaHI HAHOMIOPYBATi CTPYKTYpH 3 giameTpom rnop 200 HM. Ha 0CHOBI aHasli3y TEXHOJIOTTYHUX
0CO0GJIMBOCTEN PO3IJISHYTUX METO/IiB OTPMMAHO HAHOCTPYKTYPOBAHi IOBEPXHi KPEMHIIO, 5IKi XapaKTepU3yBaIUCh
BHCOKOIO TIOTJIMHAIBHOIO Ta HU3bKOIO Bii6MBHOIO 31aTHICTIO. 2. [Ipy popmMyBaHHI KpeMHi€BUX HAHOIPOTUH
METOJIOM €JIEKTPOXiMIUHOrO TpaBJIeHHS] BCTAHOBJIEHO, 1110 10JAaBaHHS OKUCHMKA /10 PO3YMHY €JIEKTPOJIITY 30ibIye
€JIEKTPOLHMI MTOTEHIial KPEMHIIO BITHOCHO €JIEKTPOJITY II1if YaC €JIEKTPOXIMIYHOIO TPaBJIEHHS 32 PaXyHOK
rasibBaHiYHOI aHOAM3ALLi], [0 CIIpUsIE €KCTPaKLii AipOK 3 KDEMHIIO Ha i0HM OKMCHUKA, 3aBISIKN YOMY BilOYBa€ThCS
6isibI OJHOPiAHE TpaByieHHs rnoBepxHi. [llopcTKicTh miBok por-Si npu 36isbuieHHi KoHueHTpauii H202 Big 0,97M
10 2,5M 3MeHIIyeThCsl Malike B f1Ba pasu (Bif 3,17 um 1o 1,82 HM). [Tpu 1bOMY po3MipH KPYITHUX IIOP OJJHAKOBI, aje
iX MOBepXHEBa KOHLEHTPALlil 3MEHINYEThCA. 3alIPOIIOHOBAHA MOJEJb IJI PO3PAXyHKY ONTUYHMX [TapaMeTPIiB IJIiBOK
[IOPYBaTOro KPEMHIIO 3 eJliNCOMETPUYHUX BUMIpiB. B pamkax mozesi 6ysio niaTBepaKeHo, 10 i3 30i7bIeHHIM Yacy
TPaBJIEHHS OJHOYACHO 3 TPaBJIEHHSM 00'€éMHOI'0 KPEMHIIO BIJINO IPOXOJUTh PO3TPaBJIIOBaHHS [I0BEPXHi BXKe
c(pOpMOBAHUX HAHOKPUCTAITIB por-Si. 3. BukopucTasmm MeTom XiMiYHOrO NapOBOrO OCAIPKEHHS Y BiIKPUTIi
IIPOTOYHI¥ CUCTEMI OTPUMAHO MAaCHBU HAHOBICKePIB Si HA KpeMHieBil minknanni 3 cepenHim agiamerpom 200-600
HM. BcTaHOBIEHO, 10 MiHiMaIbHE 3HaYeHHS KoediljieHTa BinOouBaHHS 11711 HAHOBICKePiB Si cTaHOBUJIO 5%, a
MaKCHMMaJlbHe 3HaueHHs KoeilieHTa NoramHaHHs 97%. SIK pe3ysibTaT, 3alpOIIOHOBAHO KOHLEMNILil0 CTBOPEHHS
AHTHUBINOVBHMUX [IOBEPXOHb HA OCHOBI HAHOBICKEPIB Si, BUPOLIEHUX METOLOM XiMiYHOTO IAPOBOTO OCAIKEHHS Ta
HAHOIIOPYBATUX CTPYKTYP Si, OTPUMaHUX MaTOLOM METayI-KaTaliTUYHOrO XiMiYHOro TpasyieHHs. 4. Po3pobyieHo Ta
OINTHMi30BaHO PEXUMU (POPMYBAHHS IIOPUCTUX OKCUJHUX MAaTPULb. BCTaHOBIIEHO, IO 17151 BiITBOPIOBAHOTO
OTPMMAaHHA [ieJIEKTPUYHMX MAaTPULb OKCUIY aJIIOMIHIIO 3 MaliMM PO3KUAIOM JiaMeTpy i BilcTaHi MixX mopaMu
HeOOXiIHO BUKOPUCTOBYBAaTH baratocragiiiHuil npouec. Ha nepuriii ctazii mpoBonuTbcs aHogHe okucyieHHs B 0,3 M
PO34nHi maBaeBoi Kucaotu npu Hanpysi 40 B i temneparypi 0°C npotsrom 2 rog. I1oTiM BeCh NOPUCTUI OKCUT,
aJoMiHilo BUpasnseTscs B cymimi kucyaoT 0,2 M H2CrO4 i 0,4M H3PO4 nipu 60°C nipoTsirom 5xB. I10TiM 3HOBY
[IPOBOAUTLCS MPOLIEC aHOLYBAHHA. | TaK 40 TUX Mip [TIOKK HE CIIOCTEPIraeThCs Pi3KUil criag, CTpyMy. B pesymbraTi
OTPUMYIOThCS ITOpU po3Mipom 20 - 35 HM. Haii6inbuia BIIOPsAIKOBaHICTh AOCITAETHCS [IpY HAMPY3i 65113bK0 40 B,
BOHA IOJINIIYETHCS 3i 30i/IbLIEHHSIM Yacy NIepIIOro aHOLyBaHHS Ta KOHLeHTpalii KucaoTu. [1py ToBuuHI 11iBky 2

MKM 44aC aHOJYBaHH{ CTaHOBUB 15 xB.
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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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