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3NEKTPUYECKUE CBONCTBA AMOP®HbIX YIMEPOAHBIX
NIMEHOK C TIPA®UTONOAOBHOU CTPYKTYPOU

. A. KoBasenko, U. A. Bpy0aeBckuii

KBenopycckuii cocyoapcmeennulii ynusepcumem ungopmamuxu
U paouosneKkmporuxu, 2. Murnck

Hccredyromes snexkmpuueckue ceotucmea amMopQhHbIX YerepoOHblX NIEHOK epapumonooooHoll
cmpykmypol moawunot. 50 HM, NOAYYEHHLIX MemOOOM IIeKMPOHHO-TYUE8020 UCNAPeHUs Ha
CMEKNAHHBIX NOONOJNCKAX € HUKenegblm cioem. HMccnedosanus npogoouucy ¢ UCHONb308AHUEM
MEMo008 UsMepeHUsi 601bM-AMNEPHBIX XAPAKMEPUCTIUK U UBMEPEHULl eMKOCMU 8 OUana3one Han-
pswcenuti om —3,5 0o +3,5 B. [lonyyennvie pe3yrvmamul Mo2ym Obims UCNOTb308AHbL NPU PaA3PaAdOmKe
INEKMPOHHBIX YCMPOUCE HA OCHOBE AMOPPHBIX YeIePOOHBIX NIIEHOK.

KuroueBblie cioBa: amMopdHBIH yriiepo, HOIYIIPOBOJHUKOBBIE CBOWCTBA, BOJBT-aMIIEpHAs
XapaKTepPUCTHKA.

ELECTRICAL PROPERTIES OF AMORPHOUS CARBON FILMS
WITH GRAPHITE-LIKE STRUCTURE

D. A. Kovalenko, I. A. Vrublevsky
Belarusian State University of Informatics and Radioelectronics, Minsk

This work investigates the electrical properties of amorphous carbon films with graphitelike
structure having thickness of 50 nm, obtained by electron-beam evaporation onto glass substrates
with nickel layers. The investigations were carried out using measurements of current-voltage
characteristics and capacitance measurements in the voltage range from —3.5 to +3.5 V. The
obtained results can be used in the development of electronic devices based on amorphous carbon films.

Keywords: amorphous carbon, semiconductor properties, current-voltage characteristic.

AmMopoHBIi yriaepon Giarogapsi CBOe YHUKaJIBHOW CTPYKType SIBISICTCS OAHUM U3
NEPCIIEKTUBHBIX MATEPHAIIOB JJI1 COBPEMEHHOM 37eKTpOHUKU. OHAKO €ro AIEKTPUIECKUe
CBOWCTBA, OCOOCHHO TOHKHUX IUIEHOK, OCTAIOTCS HEJOCTaTOYHO M3yYEHHBIMHU M3-3a CIIOXK-
HOCTH (POPMHUPOBAHUS YTICPOAHBIX IUICHOK ¢ rpaduTonomodHoi ctpykrypoi. Ocolyro
poib B (DOPMUPOBAHUM DSJEKTPUUYECKUX CBOWCTB UIPAOT TPaHMLbI pasliena «MeTasll-
IUIEHKa», 4TO JIeJaeT HeOOXOIMMBIM IPOBEIEHUE KOMIUIEKCHOro uccienosanus BAX B
IIMPOKOM JIMana30He HAMPSLKEHUH U1 pa3paOOTKU HOBBIX 3JIE€KTPOHHBIX YCTPOMCTB.

Ha crexnsiHHbIe TOMIOXKKK ¢ HUKeNEBbIM ciioeM (100 HM) METOIOM 3JEeKTPOHHO-
Jy4eBOrO MCIApEHUs B BaKyyMe OCaXJAJIUCh TOHKHE aMOp(HbIE yIiIepoaHbIE IJICHKH
rpaduTOno00HON CTPYKTYpHI TOMmUHON ~50 HM. [locne ocakaeHHs IJICHKH IO/BEpra-
JMCh OTXKWTY B BakyyMme npu Temmeparype 973 K B Teuenne 9 MUHYT (AaBieHHE KaMephbl
5-10 ITa).

s n3ydyenuss BAX u u3mMepeHuit eMKOCTH METOJIOM 3JIEKTPOHHO-TY4E€BOI0 HCHape-
HUSI HUKEJIS Yepe3 MacKy ObUTM COPMHPOBAHBI BEPXHUE METAITMUECKUE KOHTAKTHI TOJI-
nHOM 100 HM ¢ mmomaneio 800 x 800 mxm. M3mMepeHuss mpoBOAMINCH HA PETHCTPATOPE
Progress-3000 npu Hanpsbxkenuu oT —3,5 1o +3,5 B. [lepen xkaxapiM u3MepeHueM CTPYK-
TYPY BbIIEP>KUBAJIN MO HAIPSDKEHUEM B TeueHHe | MUHYTBI JUIs yCTPAHEHUs! IEPEXOTHBIX
IPOLIECCOB U MOJyYEHHUsI TOYHBIX MOKa3aHUI TOKa.

Pe3ynbTaThl M3MepeHHH MOKa3ald CUMMETPUYHOCTh MPSAMBIX U OOpaTHBIX BETBEH
BAX amMop(dHBIX yriaepoIHBIX IUIEHOK IpadUTONON00HONW CTPYKTYPHI, YTO OOYCIIOBJICHO
OMUYECKHM KOHTAKTOM HHKeJIs ¢ yriepofHoi miueHkoi (puc. 1). Kak u3BecTHo, npu us-
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MEHEHUH 3JIEKTPUUECKOTO MOl IPOUCXOAUT U3MEHEHHE MOJI0XKEHUS ypoBHSI Depmu B 30-
HE JIOKAJIM30BaHHBIX COCTOSIHUH, BIMSIOIIEE HA 3JIEKTPOHHBIN NIEpEeHOC HOCUTENEN 3apsa,
YTO HAOMIOJAETCs B HAIIUX UCCIIEIOBAHUSX.
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Puc. 1. BonpT-amriepHast XapakTepuCTUKa rpauTONOJ00HON YriepouCTOMN IIIEHKH
IIPY TTOJIOXKHUTEILHOM U OTPHLIATEIHHOM HAIIPSHKEHUH C/IBUTA (@) 1 00beANHEHHBIE
npsiMasi 1 00paTHas BETBH BOJIBT-aMIICPHON XapaKTEPUCTUKH (6)

N3mepeHne BOIbT-aMIEPHBIX XapaKTEPUCTHUK MO3BOJIIET MPOAHAIN3UPOBATh YAEIBHOE
COIPOTUBJIEHUE P, U3YYWUTH BIMSAHUE JOKAIM30BAaHHBIX COCTOSHHUM B 3aIIPEIIECHHON 30HE £, 1
OTIPENICIUTh THI 3aPSTHBIX [IEHTPOB (JIOBYIIKH, IOHOPHI WIIK aKIIENTOPbI) [2]. DTH COCTOSHUS
CBSI3aHBI CO CTPYKTYPOH yITIEpOAHOM CeTH U IeeKTaMH B HEH, BKIIIOUAsT BAKAHCUH, MEXKY3JI0-
BbIE aTOMBI U HE3aBEpILEHHBbIE CBsI3U. AHamM3 BAX mo3Bosmvn onpenennTs MoBEIEHUE J0Ka-
JIM30BaHHBIX COCTOSIHUH MPH 3aXBaTe HOCUTEIIEH 3apsiia U3 AIEeKTpoAoB [3].

Ha puc. 2 npencraBieHsl JBe KpUBBIE BOJIbT-aMIIEPHON XapaKTEepUCTUKH: KpuBas [ —
MIpY HAPACTAHUM HAMPSKEHUS; KpUBas 2 — MPU NaJCHUN HANPSHKSHMUSL.

OTcyTCTBHE THCTEpE3UCa MEXy 3THUMHM KPUBBIMHM YKA3bIBA€T HA OTCYTCTBHUE DJICK-
TPUYECKON MOJSPU3ALMK IUICHOK YTJIEPOJa, YTO SIBJIAECTCS Ba)XKHBIM YCJIOBHEM IS UX
MIPUMEHEHUS B MUKPO- U HAHOXJIEKTPOHHBIX YCTPONCTBAX.
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Puc. 2. Bonbr-aMIiepHas XxapaKTepHCTHKA TpaduTOrmo100HON YTIIepOaHOH UIEHKH IpH
CKaHMPOBaHUH HAIPSDKEHUS ¥ NIaJJCHHH HAPSDKCHHS B IIOJIOKUTEIBHON 00acTH
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B pesynbrare npoBeNEHHBIX HCCIIEOBAHUI YCTAaHOBIEHBI OCHOBHBIE 3aKOHOMEPHO-
CTH D3JIEKTPOHHOTO TIepeHOca B aMOPQHBIX YITEPOIHBIX IUIEHKaX TrpaduTornomodHoi
CTPYKTYpbl. AHaU3 BOJbT-aMIEPHBIX XapaKTEPUCTUK IOKa3all, YTO MEPEHOC HOCUTENEH
3apsa ONpeessieTcsl JOKAJIW30BAHHBIMU COCTOSIHUSIMH B 3alpelleHHON 30HE, KOTOpbIE
TECHO CBSI3aHbl CO CTPYKTYpPOM yTrJIepoJHOH ceTH U HanuuueM JedekToB B Heil. OTcyTeT-
BUe rucrepesuca Ha BAX yka3biBaeT Ha CTaOMJIBHOCTH JJIEKTPUUYECKUX CBOMCTB HCCIIe-
yeMBIX CTPYKTYp. [losydueHHble pe3yabTaThl MOTYT ObITh MCIIOJIb30BaHbI IIPHU pa3paboTke
AJIEKTPOHHBIX YCTPOMNCTB Ha OCHOBE aMOP(HBIX YIJIEPOJHBIX IJIEHOK, YTO MOATBEPIKIAET
NPaKTUYECKYIO 3HAUUMOCTh MPOBEJICHHBIX UCCIIETOBAHHMN.
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NCCNEOOBAHUE MEXAHU3MA NMPOBOAMMOCTU AHOOHbIX
MJIEHOK TIO; NMPU HU3KUX TEMIMEPATYPAX

. A. KoBasenko, M. A. bBynesuu, . A. Bpy0JeBckuii

Benopycckuii 2ocyoapcmeennwiil ynusepcumem uH@opmamuxu
U paouosnekmpouuxu, e. Munck

H3yuenvr snekmpuueckue ceolicmea monxkux nienok TiO, nonyueHHvIX Memooom 21eKmpo-
Xumuueckoeo okucnenus. IIposedeno uccrneooganue 6016mM-AMNEPHLIX XAPAKMEPUCTNUK NIEHOK
6 ouanazone memnepamyp 263-300 K. Buviagnen mexanuszm mMOKO8 0SPAHUUEHHO20 HPOCTPAH-
CMBEHH020 3apAda 01s NPOBOOUMOCMU MOHKUX HieHok. Onpedenena acummempus BAX npu
NPAMOM U OOPATMHOM 8KTIOUEHUSX.

KuroueBble ciioBa: JUOKCUJ TUTAHA, JIEKTPOXUMHUUYECKOE OKUCIEHUE, TOKH OTPAaHUYECHHOIO
IIPOCTPAHCTBEHHOIO 3aps/ia, BOIbT-aMIIEPHBIE XapAKTEPUCTHKH, ITOIYTIPOBOIHUKOBBIE CBOICTBA.

INVESTIGATION OF CONDUCTIVITY MECHANISMS IN ANODIC
TIO, FILMS AT LOW TEMPERATURES

D. A. Kovalenko, M. A. Bunevich, I. A. Vrublevsky
Belarusian State University of Informatics and Radioelectronics, Minsk

The electrical properties of TiO thin films obtained by electrochemical oxidation method
have been studied. An investigation of current-voltage characteristics of the films was conducted in
the temperature range of 263—300 K. A space charge limited current mechanism for the
conductivity of thin films was identified. Asymmetry of I-V characteristics under forward and
reverse bias conditions was determined.

Keywords: titanium dioxide, electrochemical oxidation, space charge limited currents, cur-
rent-voltage characteristics, semiconductor properties.

[Tnenku TiO, B HacTosiIIee BpeMsl HAXOAST IPUMEHEHHE B COTHEUYHbIX sueiikax B Ka-
YECTBE 71-TUIA TPAHCIIOPTHOTI'O CJIOs, B AeTeKTOpax Y ®d u3nydeHus, caMOOYHUIIAIOIIUX T10-
KPBITHSIX U B (poTOKaranm3e. Bo MHOTUX M3 MPUMEHEHHH HCHOJIB3YIOTCS 3JIEKTPOIPOBO-



