Recently, metal oxides with semiconducting properties, such as titanium dioxide (TiO,), have been widely used
in various devices, especially in the photoelectric technology for various purposes. At the same time, the interest to
the semiconductor heterojunctions is steadily growing due to their advantages in comparison with homojunctions.
Nowadays the heterojunctions are widely used in electronics, lasers and photogalvanization.

The article studies the electrical properties of the anisotype heterojunctions n-TiO,/p-Si obtained by applyi-
ng thin-film TiO, on the etched and polished polycrystalline Si supports. Since the electrical characteristics of the
components of the heterojunctions and metallurgical boundary affect significantly the performance of the semico-
nductor devices based on the heterojunctions, such studies are important for the further development of the devices
based on the heterojunctions n-TiOy/p-Si for electronics and solar energy.

The dependence of the height of the potential barrier and the subsequent resistance on the method of proces-
sing of the silicon supports was studied. It was determined that the tunneling is a dominant mechanism of current
transport through the heterostructures under different conditions of the Si surface processing
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Excnepumenmanvio noxasamo, wo 4ac 00CAzHeHHSA
CMAauioHapHux 3Ha4ueHb KOHMAKMHOI pi3HUUi nomeHuia-
1i6 i pobomu euxody enexmpona nicas o6pooKu nogepxui
Si-naacmun y KUCAOMHO-NEPOKCUOHUX POIUUHAX MeHWi,
HidiC 6 amoHiauno-nepokcuonux. Ompumani pesyaromamu
MpaKmyomocsa Yymeopeuuam na noeepxui Si 6i0nosiono
oKCcuonoi nauieku i 2i0poxcuoHoz20 wapy, wio nio 1ac amooy-
6anus npu3zeo0umsv 00 PopmMyeanHs Maxponopyeamozo i
MIKPO- 4U Me30n0pY6anozo wapy KpemHio

Kntouosi cnoea: nopysamuii xpemuiil, Qinimna ximiu-
Ha 00pobKa, KOHMAKMHA PI3HUYA NOMEHUIANIE, KPEeMHIE-
8i niacmunu

=, u |

JKCnepumMeHmanbHo noKA3ano, Mmo epems 0ocmu-
HCEHUSI CMAUUOHAPHBIX 3HAUEHU KOHMAKMHOU PA3HO-
CMu nomeHyuanNo08 u padomvl 6bix00a INEKMPOHA NOCJIE
o0pabomxu nogepxnocmu Si-naacmun 8 KUCTIOMHO-NEPOK-
CUOHBIX pacmeopax meHvule, Hem 6 AMMOHUAUHO-NEPOK-
cuonvix. Ionyuennvie peyavmamor mpaxmyromes oopa-
306anuem Ha No06ePXHOCMU Si COOMBEMCMBEEHHO OKCUOHOT
naeHKU U 2UOPOKCUOH020 CILOSL, MO NPU AHOOUPOEGAHUU
npueooum K QopmMupoeanuro MaKxponopucmozo u MuKpo-
UNU ME30NOPUCMO20 CNLOSL KPEMHUSL

Kntouesovie cnoea: nopucmolii kpemuuil, Quuumnas
XumMuueckas o6padomxa, KOHMAKMHASL PA3HOCHb NOMeEH-
Yuano8, KpemHuesvle NAACMUHGL
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1. Beryn

bazoBum marepiasioM B eJeKTPOHHIN TeXHIMi I
CTBOPEHHS JIIOMIHECIIEHTHUX TPUCTPOIB, CTPYKTYPHUX
eJIEMEHTIB COHAYHUX OGarapeil, MOBEPXHEBO YYTIMBUX
ceHCcopiB ans motpeb exosorii, Mmeauuuu, Gioaorii €
MoBepXHEeBO-MOAM(iKOBaHUN KpeMHil. BaskausBuii Mo-
MEHT Yy TeXHOJIOTii (pOpMyBaHHS MOPYBATOTO KPEMHIIO —
[NUTAaHHS OQHOPiAHOCTI MOBepXHi Si-nyactus i ctabiub-
HOCTI ii €TeKTPOHHUX BJIACTUBOCTEN.

Binowmo [1], o micssa ¢pisuynoro um XiMivHOTO BIJIN-
BY Ha Si-moBepXHIO i1 €IeKTPOHHUH CTaH, a, OTIKe, 1 eseK-

Tpodi3nyHi mapamMeTpu 3MiHIOIOTLCS TPOTATOM IIEBHOTO
vacy. Tomy, g BuGOpy ONTUMAJIBHUX YMOB MijKOIepa-
mifinoro 36epiranns Si-miacTuH, 30KkpeMa mepen dop-
MYBaHHSIM [OPYBATOTO APy, HEOOXiTHO KOHTPOJIOBATH
TPUBAJJICTD peJaKCaiiHNUX SIBUII, K1 BiAOyBaOTHCS Ha
MMOBEPXHi.

Meto1o poboTu 0yJI0 HOCITIUKEHHST BIIUBY CIIOCO0Y
dinimuoi xiMiuHOi 06pOOKM Si-NMJACTUH § KHCJIOTHO-
MEePOKCUJHUX Ta AMOHIauHO-TEPOKCH/IHUX PO3UMHAX
Ha 4acoBy CTabiIbHICTD €JIEKTPOHHOTO CTAHy MOBEPXHI
nepen GopMyBaHHSAM HAHOCTPYKTYPOBAHUX i HOpPyBa-
THUX ITapiB KPeMHIT0.




2. MeToiuKa eKCIiepHMEHTY

B excrepumentax BUKOPUCTOBYBaJu miiioBaHi Ta
TMoJIipoBaHi Si-mJIacTUHU pP-THIY TPOBIAHOCTI, Opi€eHTa-
ii (111) 3 muromum onopom p=10 Owm-cm. Ilomepennio
06poOky mpoBoanH 3rigno 3 [2]. Dininray ximMiuxy 06-
pobky (DXO) moBepxHi MPOBOAUIN Y KHUCIOTHO-TIEPOK-
CHU/IHUX Ta aMOHIaYHO-TIEPOKCUJIHUX PO3UYMHAX, 30KpeMa:
3a BapianTom 1 (mepmmii etanm y cymimi HyO9:NH,;OH:
H,0=1:1:6; apyruii — HyO,:HCl:H,O=1:1:6); Bapiantom
2 (mepmwuit eran y cymimi HyO9:NH;OH:H,O =1:1:10;
npyruit — HoO9:HNO3:H,0=3:5:7); Bapiantom 3 (Hy0,:
HNO3:H,0=3:5:7); Bapiantom 4 (mepuruii etan y cymirmi
H»09:NH,OH:KOH:H,0=2:1:1 Baru.:30; apyruit — HF:
H,0=1:4; tperiit — Hy09:HCl:H,0=1:1:4); Bapiantom
5 (mepmuit eram y cymimi HoOy:NH,OH:KOH:H,O=
=2:1:1 Baru.:30; apyruit — HCl:HNO3=1:3). Posuunu ais
ximMiuHOI 06pOOKM roTyBaJu 3 peaKTUBiB Mapku “oc. 4.”
TAaKUX KOHIeHTpaiit (mac. %): HyOy — 33, HCl — 37,
HNO3 - 76, NH,OH — 25, HF — 48 [3].

B skocti mapameTrpa cTabiIbHOCTI €TEKTPUIHUX BJIa-
CTUBOCTEN KPeMHIi0 BUODPAJU BEJIUYUHY 3MIHU KOHTaK-
taoi pisnuii nortentmianis (KPIT) 3 wacom. KPII Bumi-
poBasim mMetomom KenbpBima Ha ycTaHOBI, cxeMa SKOi
npuseznena B [4]. B ocHOBI po6oTH YCTaHOBKH JIEKUTD
kommencaniianii metos BumipioBanusa KPII, ska Bunnkae
MiX JIOCJI/IPKYBAHOIO IMOBEPXHEIO Si-NJIACTHH i MJIaTUHO-
BUM BIiOpalliiiHUM eJIeKTPOJOM. 3MiHHA eJIeKTPOopy HIiiiHa
CUJIa CUCTEMM IIJIaTUHA — KPEMHIiii, IIPSAMO IpoIopIiiiiHa
BeJINYMHI MTOBEPXHEBOTO TOTEHIiaJy HamiBIPOBiHUKA.
Ycranoska mosBosse BumipioBatru KPII B mexax +4 B,
3 tounictio £0,001 B y pexumi ckaHyBaHHS MOBEpPXHI
Si-mnacTuw 3a 3aganoio mporpaMoio. TpuBamicTs 01HOTO
BUMIpIOBaHHS 5 ¢ 3a pyuHoi KomieHcartii i 0,1 ¢ — 3a aB-
TOMaTHUYHOI.

3. EkcniepuMeHTaJIbHi IaHi OCHKeHb Ta iX 0OroBOpeHHs

[l BuBuyenHs BimBy crioco0y MXO nosepxHi Si-
mactun na Beawvynny 3minu KPII 3 wacom mposeznena
cepis nocaimkenb. Onep:kani pe3yabraTil y BUTJI /I KiHe-
THYHWUX KPUBUX TIpesicTaBieni na puc. 1, 2. Ix ananis mo-
3BOJISIE TOBOPUTH, 10 CHOCIO XiMiuHOT 06POOKHU BILIMBAE
ak Ha xapakTtep 3mian KPII 3 vacowm, Tax i Ha Bernumny
i€l aminm. ITicas “nyxuux” o6po6ok (Bapiantu 1, 4, 5)
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nig yac 36epiranus Si-nacTud B arMocdepi moBiTps ix
KPII 3uacom 3mMeHNTYyETHCS, 32 BUHSITKOM TTOJipOBAaHUX Si-
[JIaCTVH 1icyist 06po6ku 3a Bapiantom 1. BesnunHa sminu
KPII paig Takoro tuiry 06po6oK He3HauHa i 1715t O11bII0CTi
3 HUX y pocJimxkenomy intepsadi yacy (120 ron) ne mocsi-
ra€ craiionapHux 3auadenb. [leil pakT cBIiAIUTH PO TE, IO
moBepxHst Si, micJast 06pO6KN B aMOHiaqHO-TIEPOKCHTHOMY
pos3unHi HecTabijibHA | XapaKTEPU3YETHCS TPUBAJUMU
pemaxcatnifinumu aminamu KPII.
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Puc. 1. 3anexHictb 3minn KPT1 (¢) Si-nnactuH Big uacy
36epiraHHs (t) nicns pisHux sapiaHtie ®X0: 2, 5 — 3a
BapiaHtom 1; 1, 4 — 3a BapiaHTom 4; 3, 6 — 3a BapiaHToM 5;
1, 2, 3 — nonipoBaHi nnactutu, 4, 5, 6 — wnidposaHi

Y Bumnaaky “kucaoTHux” 06pobok (BapiaHT 3) uM iXHiX
koMmOiHaliii 3 “nyxkHuMu” 06pobkamu (BapianT 2) 3MiHa
KPII 3 wacom xapakTepusyeTbcsl Pi3KUM 3MEHIICHHSIM
npotsaroM 20+40 Tox i mogasbIIUM JOCATHEHHSM CTalli-
onapuux 3nHauenb KPII (puc. 2). Ile cBiguurh 1mpo te, 1o
00po6Ka B KUCJIOTHO-IIEPOKCUIHIX PO3UYNHAX e(heKTHBHI-
11a, Hi’k — B aMOHia4YHO-TIEPOKCU/HUX PO3UNHAX.

3 puc. 2 caigye, mo s Oiabmocti Bapiantie GXO
cniocrepiraerbest 3meniieHHst KPII 3 wacom, To6to po6o-
Ta BUXOJY €JEeKTPOHA NpHU IboMy 30isbiyerbes. Taka
3MiHa CBiZIYUTDH 1IPO 3POCTAHHSA HEraTUBHOIO 3apsd/y Ha
TMOBEPXHI.

Haii6inbi iMoBipHEM (GaKTOPOM, IO CIIPUIE YTBO-
PEHHIO aKIeNTOPHUX [OBEPXHEBUX CTaHIB MOKe OyTu
amcopbuis Okcureny, axuii dhopmye “peanbHuit” cran
noBepxHi Si [1].
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Puc. 2. 3anexxHicTtb 3mitn KPI (¢) Si-nnactu Big vacy 36epiranns (t) nicns ®XO: a) 3a sapiaHTom 3;
6) 3a BapiaHToM 2; 1 — nonipoBaHi NnacTUHM, 2 — WidosaHi



4. BucHOBKH

Croci6 ¢inimrnoi ximiuHol 06pobku mosepxHi Si
BILIMBAE Ha CTabiABHICTD il enekTpodisnynmux mapame-
TpiB. Hac 1ocaruenus cranionapHuX 3Ha4eHb KOHTAKTHOI
pi3HUIlI MOTeHIiadiB i PO6OTU BUXOMY €JEKTPOHA MEH-
muii micsast 06po6KU MOBEPXHI B KUCTIOTHO-TIEPOKCUTHIX
pO3uMHAX, Hi’)K B aMOHIQUHO-IIEPOKCHUHUX PO3UMHAX.
Ab6comoTHi 3Havenns KPII aug nmosipoBaHuMX MJIACTUH
3MIiHIOIOThCS Y 2+3 pasu MeHIle, HiX A MIidoBaHUuX,
a 1micsst 06poOKK Yy PO3UMHAX CUJIbHUX OKUCHUKIB 3HAK
KPII maidposannx miactun depes 15+20 roaun 36epi-
TaHHS 3a3HA€ iHBePCii.

®Dinimua 06pobka B AIIP npussoauts 10 dhopmy-
BaHHs IiZAPOKCUAHOIO MIapy, BHACKIL0K agcopOuii rpyi
OH- Ta yTtBOpeHH4 Ha Si-mOBepXHi CKJIAJHUX CUIIKAT-
ionis [(H20)Si(OH)g]*, AKMIl MBUAKO PO3YMHACTHCS
Ha TOYATKOBOMY eTalni aHOAyBaHHs 1 NPU3BOAUTH /10
(opMyBaHHs mapy MiKpo- UM Me30IOPYyBAaTOTO KPeM-
HilO.

O6pob6ka B KIIP cynpoBoxkyerbest agcopbiiero io-
HiB H' Ta mo3suTuBHO 3apsjkKeHMX MilleJl CHJIKaTHOI
KUCJIOTHU, IO CIPUSE YTBOPEHHIO OKCUIHOT MJIiBKH, KA
Ha II0YaTKOBOMY eTalli aHOJYyBAaHHS BHACJiOK JIOKAJb-
HOTO MPOTPABJIIOBAHHS CTBOPIOE MACKY i TPU3BOIUTH 10
(bopmyBaHHSI MaKpOIIOPYBATOrO MIAPY.
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Abstract

The article studies the influence of Si-wafers processing in acid-peroxide and ammonia-peroxide solutions on

the temporary stability of the electronic states of the crystal surfaces before formation of the nanostructured and
porous silicon layers. A characteristic parameter of stability of the electrical properties of a semiconductor was sel-
ected the change in contact potential difference over time, which was measured by Kelvin.

After “alkaline” treatments during the storage of Si-wafers in air, their contact potential dif ference decreases
with time. The change in the contact potential difference for this type of treatments is small and most of them (up
to 120 hours) does not reach steady-state values in the studied interval of time. This fact indicates that Si surfa-
ce is unstable after the treatment in ammonia-peroxide solutions and is characterized by long relaxation changes
of the contact potential difference.

In case of "acid” treatments or their combinations with “alkaline” ones, the changes of the contact potential
difference over time is characterized by a sharp decrease during 20 + 40 hours and subsequent attainment of ste-
ady-state values of the contact potential difference. This indicates more efficient processing of Si-wafers in acid-
peroxide solutions than in ammonium peroxide ones.

It was shown experimentally that the time necessary to reach the steady-state values of the contact potential
difference and the time of electron activity after Si-wafers surface treatment in acid-peroxide solutions is less than
in ammonia-peroxide solutions. The results are treated by the formation on Si surface of oxide and hydroxyl layers
that leads to the formation of macroporous, and microporous or mesoporous silicon layers

Keywords: porous silicon, final chemical treatment, contact potential difference, silicon wafers



