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AnHomayusi — C NOMOLLbIO TEXHONOMMN BbICTPbIX TAXENbIX
VNOHOB MOArOTOBMEHbI U U3Y4eHbl CTPYKTYPbl HA OCHOBE CUCTEM
n-Si/SiO, ¢ HaHoMopamu B CrosiX AMOKCUAA KPEMHWsI, 3anor-
HeHHbIMM yYacTuuamu Cu u Ni. Moka3zaHa cenekTMBHOCTb 3a-
NnonHeHns HaHonop metannamu. MNposefeHbl nameperHns BAX
nceneayemblX CTPYKTYpP M MokasaHa LenecoobpasHocTb Uc-
nonb3oBaHusa TexHonormm TEMPOS ana cospaHus mMarHuTo-
YyBCTBUTESbHBIX CTPYKTYP.

|. BBepgeHue

B nocrnegHee Bpemsi NpoBOOUTCS UHTEHCUMBHOE U3Y-
yeHne HU3NYECKMX CBONCTB HMU3KOPa3MEpPHbIX CUCTEM U
HaAHOCTPYKTYPHbIX MaTtepuanos, C Lenbio Co34aHns pas-
HOOOpa3HbIX HaHO3MEKTPOHHbIX YCTPOWCTB. B cBsi3u ¢
3TMM NpeacTaBnsieT UHTEPEC TEXHOMOMsl TPEKOB BbICT-
pbIX TSKEMbIX MOHOB, CBA3aHHas ¢ (hOPMMPOBAHMEM Y3-
KMX 1 NPOTSKEHHbIX obnacten pagnaluoHHOro NoBpeX-
OeHUs («NaTeHTHbIX WMOHHBIX TPEKOB»), B pesynbraTe
BO3[ENCTBMNSI Ha BELLECTBO SHEPreTU4HbIX MOHOB. [lo-
crneayoliee TpaBrieHWe NaTeHTHbIX TPEKOB MO3BOMsieT
chopMUpOBaTbL MUKPO- W HaHOMOpbI, KOTOpblE MOryT
UMEeTb pasnuyHylo dopmy 1 pasmepsbl (o1 10 HM), B 3a-
BMCMMOCTM OT NapaMeTpoB 00Nny4eHusi, yCroBui Tpas-
neHus, a Takke TMNa noanoxku [1].

C Hay4HOW U MpaKTUYEeCKOW TOYKM 3pEHUs, nepcrek-
TMBHO CO3[1aHWe CTPYKTYP Ha NOAJSIOXKKE KPEMHUS C ero
OKCWUAOM, COAEpPXKaLLMM NOHHbLIE TPEKU, BHYTPU KOTOPbIX
nocpeacTBOM MeToda MOAMNOTEHLMANBHOIO 3MEKTPOXM-
MUWYECKOTO OCaxaeHusi (hopMmnpyroTCst OQHOPOAHbIE Ha-
HOKOMMO3MLUUWM WU MHOFOCIIONHbIE HaHOCTPYKTYpbl C
yepeaywLWwUMNCs CrnosiMm, COCTOAWMMU M3 deppomar-
HUTHBIX WU HEeMarHWTHbIX HaHo4dacTtuy. [lpu cosgaHum
yKa3aHHbIX MarHUTOYYBCTBUTENbHbLIX CTPYKTYp Lieneco-
06pas3Ho uc-nonb3oBaTh pa3paboTaHHyl paHee TEXHO-
nornto TEMPOS («Tunable Electronic Material in Pores
in Oxide on Semiconductors» — «YnpaBnsiembli 3nek-
TPOHHBIN MaTtepuan ¢ nopamv B OKCMAe NonynpoBOAHU-
ka») [2-3].

MccnenoBaHme Takux CTPYKTYp cOo3faeT Npeanochin-
KN Ons MOLENMPOBaHUS 3MEKTPOHHbBIX YCTPOWCTB C
bapbepom LoTTkn, o6nagaoLwmx HeNMHERHbIMA BOSbT-
aMmnepHbIMW XapakTepucTukamu, B TOM 4ucne oTpuua-
TenbHbIM AnddepeHumanbHbiM conpoTueneHuemM. Pea-
nu3aums ccopMynMpoBaHHOW MAen NO3BONMUT co3faa-
BaTb CEHCOpbl MarHWTHOIO MOIns C yBENMYEHHOW YyBCT-
BUTEMNbHOCTBLHO.

Il. OcHoBHaA yacTb

Mpu BbINOMHEHWM KCCNEAoBaHMSA MCNOMb30BanUCh
NOAMIOXKN B BMAE MOHOKPUCTANNMYecknx nnactuH n-Si.
[vokena kpemHusa Ha Hux dphopmmpoBancsd nytem Tep-
MWYECKOrO OKUCMEHWS. JlaTeHTHbIE NOHHbIE TPEKU B No-
nyyeHHbIX cTpykTypax n-Si/SiO, cosgaBanuck nytem mx
00ny4YeHnss MoHamu Au*®" ¢ sneprueit 350 MaB u
dnioeHcom 5 x 10® cm? Ha LIMKNOTPOHE C MCNONb3oBa-
HMeM kamepbl 0bnydeHns «BIBER» (LleHTp TexHomnorum
MOHHbIX My4ykoB XaH-MantHep-UHcTutyTa, 1. BepnuH,
Fepmanus).

TpaBneHue NaTeHTHbIX TPEKOB B NIABUKOBOW KUCIO-
Te npuMBOAMIO K 0Opa3oBaHUO B AMOKCUAE KPEMHWUS
CTOXaCTM4YeCKU pacnpeferieHHbIX Mop B BUAE YCEYEH-
HbIX KOHyCcOB C AnameTpamun ocHoaHun 100-200 HM Ha
rpaHuue ¢ Si n 150-250 Hm Ha noBepxHocTu SiO,. Ux
BbICOTa CoOTBEeTCTBOBana tonwuHe crnos SiO,, koTopas
nocne TpasneHus coctaenana nopsgka 200 HM.

3anonHeHne HaHonop meTannamu (MeAb U HUKenb),
NpoBOAMUINIOCE METOAOM MNOAMNOTEHUMAanbHOro 3MeKTpo-
XMIMUYECKOro OCaXKOEeHMUs, KOTOpbIA no3sonseT hopmu-
poBaTb HAHOKMacTepbl MeTannoB, OUANEKTPUKOB M Mo-
NyNpPOBOAHMKOB M/UNu nx YepeaytoLmecs crion [4-5].

PesynbTaThl ocaxaeHnss Meau B HAHOMOPbI AWOKCU-
0a KPeMHMSI MO OaHHbIM CKaHWPYHOLLEN 3MeKTPOHHOW
Mukpockonuu (COM) nokasanu, 4To MeTon MOANOTEH-
UMarnbHOro 3MeKTPOXMMUYECKOTro ocaxaeHus obecneym-
BaeT CeNieKTVBHOE 3anorfiHeHWe MeTannamu obnacrten
WNOHHBIX TPEKOB.

OTn pesynbTaThl ObINM NOATBEPXAEHLI UcCcnenoBa-
HUSAMW MOBEPXHOCTU MOJTyYEHHBIX CTPYKTYP METOOO0M
ckaHupyloweln 3oHgoBon mMukpockonun (C3M), puc.i.
BuaHo, 4TO npw BbIGPaHHbBIX pexrMMax ocaxaeHust npo-
UCXOOMT HEe TONbKO 3arnofiHEHME KaHarioB MOHHbIX Tpe-
KOB, HO (hOPMUpPOBaHWE BbLIPOCTOB HaL HWMMK Ha Mo-
BepxHocTu SiOy.

408
358
3e8
258
288

| 150

L T ot T
Zoen 4688 Gogn  B8@A 16088 12080

58

Puc. 1. 'somempudeckoe usobpaxeHue
nosepxHocmu SiO; ¢ npompasneHHbIMU UOHHbIMU
mpekamu, 3anosiHeHHbiMU Cu (Memod C3M).

Fig. 1. Isometric image of SiO; surface with etched
ion tracks filled with Cu (SFM method)

[Ona npoBegeHUs M3MEpPEHMIN BOMbT-aMMEPHbIX Xapak-
TEPUCTUK uccregyemblx CTpykTyp (n-Si/SiO/Cu u n-
Si/SiO2/Ni) HaHOCMNUCb MHAMEBLIE 3MEKTPOAbLI Npu Mno-
MOLLM YyNbTPa3BYKOBOW Manku. [aHHblA MeTopn Obin Bbl-
OpaH B CBSA3U C TEM, YTO OH 06ecneynn OMMYHOCTb KOH-
TakTa, MOBTOPSIEMOCTb PE3YNbTaTOB U MEXaHUYECKYH
ycTonumBocTb. B pesynbraTe npoBefeHVs M3MeEpPEeHWUs
BONbT-aMMNepHbIX XapakTepUCTUK Obinn nonyyeHbl pe-
3ynbTaTthl, NpeAcTaBneHHble Ha pUCyHKe 2. [laHHaa BAX
XapakTepHa ansi cucTem MeTann-aManeKkTpuk-
nonynpoBoAHuK ¢ 6apbepom LLoTTkM.
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Puc. 2. BAX cmpykmypsbi n-Si/SiO2/Cu.

Fig. 2. Current-voltage characteristics of n-
Si/SiOy/Cu structure

[NanbHenwne wuccrnenoBaHUst MHOFOCHOWHBIX HaHO-
CTPYKTYpP C 4YepeayllimMMucs HaHocrosimm us deppo-
MarHUTHbIX U HEeMarHUTHbIX HaHOKMacTepoB MNO3BONAT
onpegennTb NEepCrnekTMBHOCTL U LenecoobpasHoCcTb
UCMNOSb30BaHUSA KOHLUEMUMM 3NEKTPUYECKN-AaHN3OTPON-
HOW CTPYKTYpbl Ha ocHoBe nonynpoBogHuka (TEMPOS).

Ill. 3akno4yeHue

C ncnonb3oBaHMEM MOHHO-TPEKOBOW TEXHOMOMMU
nony4yeHsl cTpykTypbl N-Si/SiO2 ¢ HaHONoOpaMu B CrOsAX
OnoKcMaa KpeMHUs, 3anonHeHHbIMK Yyactuuamum Cu m Ni.
Metogamm COM n C3M nokasaHa CENeKTUBHOCTb 3a-
MOrHEHUs HaHomop MeTannamu. BeibpaH meTon HaHe-
CEHWSI KOHTaKTOB M MOMyYeHbl pe3ynbTaTbl U3MEpPEHUs
BAX. lNokasaHa nepCcnekTUBHOCTb MPUMEHEHUA TEXHO-
norum TEMPOS gns co3gaHusa MarHUTOYyBCTBUTENBHBIX
CMUHTPOHHBIX CTPYKTYP.

ABTOpbl npusHaTenbHbl [O.OuHKy (XaH-ManTHep-
WHctutyT, r.bepnuH MNepmanns) 3a nomowp B 06nyde-
HuMnM obpasuos, a Takke E.A. Ctpenbuosy (benopyc-
CKM rocyaapCTBeHHbIM yHuBepcuTeT, r.MuHck, bena-
pycb) 3a MOMOLb B NPOBEAEHWM MOANOTEHLMANbHOro
3NEKTPOXUMMUYECKOTO OCaXAEHNS METAIIIOB.
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Abstract — Structures on the base of n-Si/SiO, with
nanopores in silicon dioxide layers filled with Cu and Ni parti-
cles are prepared by means of the swift heavy ion track technol-
ogy, and investigated. A selectivity of nanopores filling with met-
als is shown. Current-voltage characteristics of the studied
structures are carried out and a feasibility of the TEMPOS tech-
nology application for a creation of magnetically sensitive struc-
tures is presented.

|. Introduction

A creation of structures with silicon substrate with its oxide
containing ion tracks where, by means of the underpotential
electrochemical deposition method, are formed multilayered
nanostructers with sequential layers of ferromagnetic and non-
magnetic nanoparticles, is promising from scientific and
practical point of view. The use of developed TEMPOS
(“Tunable Electronic Material in Pores in Oxide on
Semiconductors”) technology is feasible for a creation of the
above mentioned magentically sensitive structures.

Il. Main Part

By means of the swift heavy ion track technology, which in-
cludes irradiation by '*’Au®®*, chemical etching of ion tracks and
underpotential electrochemical deposition, structures on the
base of SiO,/n-Si with nanopores in silicon oxide layers, filled
with Cu and Ni nanoparticles, has been prepared and studied.
Selectivity of filling of nanopores with copper clusters was
shown by scanning electron microscopy (SEM) and scanning
force microscopy (SFM) methods. An appropriate method of
contacts application has been chosen (indium contacts have
been applied by an ultrasound welding method), and current-
voltage measurement results are presented in Fig. 2. These re-
sults are characteristic for a metal-insulator-semiconductor sys-
tem with the Schottky barrier.

Further investigations of multilayered nanostructures with
sequential layers of ferromagnetic and nonmagnetic nano-
clusters shall assist in determination of exploitability and feasi-
bility of the electrically-anisotropic structure on the base of a
semiconductor concept (TEMPOS).

lll. Conclusion

n-Si/SiO; structures with nanopores in SiO; layers filled with
Cu and Ni are obtained with the use of swift heavy ion track
technology. A selectivity of filling of nanopores with metals is
shown by SEM and SFM methods. An appropriate method of
contacts application has been chosen, and current-voltage
measurement results are obtained. A feasibility of the TEMPOS
technology application for a creation of magnetically sensitive
structures for spintronics is presented.

2008 18th Int. Crimean Conference “Microwave & Telecommunication Technology” (CriMiCo’2008). 8-12 September, Sevastopol, Crimea, Ukraine
578 © 2008: CriMiCo’2008 Organizing Committee; CrSTC. ISBN: 978-966-335-166-7. IEEE Catalog Number: CFP08788



