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HEJIMHEWHBIE CBOMCTBA YACTOTHOHN 3ABUCUMOCTH
EMKOCTHU CTPYKTYP HA OCHOBE ITOJIYITPOBO/IHUKOBBIX
I'PAOUTONOJAOBHBIX IVIEHOK YIJIEPOJIA
JI.A. Koanenko, M.C. X. Anb-Maxnasu, U.A. BpyOneBckuii
Vupeoicoenue obpazosanus « beiopycckuti cocyoapcmeenuiii ynugepcumen
uHgopmamuru u paouosnekmpoHuxuy, e. Mumnck, Pecnyboaiuxa beaapyce

AnHoTauusi. B pabore uccnenoBaHbl 4aCTOTHBIE 3aBUCUMOCTH €MKOCTH CTPYKTYP METajli-
MOJTYTIPOBOJHUK-METAJIT HA OCHOBE TOHKUX TOJYIMPOBOAHUKOBBIX TPapUTOMONOOHBIX MIIEHOK
yIJIepoaa, OCAKIECHHBIX B BaKyyMe. YCTaHOBJIEHO, YTO THUIT YACTOTHOH KPHUBOW €MKOCTU He
3aBUCHUT OT TOJSIPHOCTH MPHUJIOKEHHOTO HAmpsokeHus cMmemeHus. OOHapyKeHO pe3Koe
yBEJIMUYEHUE EMKOCTH HA HU3KMX YaCTOTAaX U €€ YMEHbIIECHHE C MOCIEAYIOIUM HACHIIIEHUEM
B BBICOKOYACTOTHOM oOnactu. IlokasaHo, yTto HaOMOgaeMble HEJIUHEHHbIE OCOOEHHOCTH
MoOryT ObITh OOBsSCHEHBI Tossipu3anueli MakcBemna-Barnepa, oOyCIOBJIEHHOW HaIUYueM
MPOBOAAIMX TPAPUTONONOOHBIX HAHOKIACTEPOB (SP -rHOpHAM3ALMs) B JUAIEKTPHUECKOI
matpune  (sp’-rubpummsanusi). IlomydeHHbIE  PE3yNBTATBl  BAXKHBI IS CO3IAHHS
3JIEKTPOMArHUTHBIX HKPAHOB Ha OCHOBE YTJIEPOIHBIX HAHOCTPYKTYPHPOBAHHBIX MATEPHAJIOB.
Kiouesbie cyioBa: rpadguTtononoOHble TUIGHKH YTepoaa; eMKOCTHbIE CBOWCTBA, YaCTOTHAS
3aBHCHMOCTB, monspuzamusi Makcsemna-Baruepa;, sp?/sp’-rubpuausanmst; HaHOKJIACTEPHI,
OU3JIEKTPUYECKasi MPOHULIAEMOCTD; SJIEKTPO(U3MUECKHEe CBOMCTBA.

NONLINEAR CAPACITANCE-FREQUENCY CHARACTERISTICS OF
STRUCTURES WITH SEMICONDUCTING GRAPHITE-LIKE
CARBON FILMS
D. A. Kavalenka, M. S. H. Al-Mahdawi, 1. A. Vrublevsky
Educational Institution “Belarusian State University of Informatics
and Radioelectronics”, Minsk, Republic of Belarus

Abstract. The paper investigates the frequency dependences of the capacitance of metal-
insulator-metal structures based on thin semiconducting graphite-like carbon films deposited
in vacuum. It was found that the type of capacitance frequency curve does not depend
on the polarity of the applied bias voltage. A sharp increase in capacitance at low frequencies
and its decrease followed by saturation in the high-frequency region were observed. It is
shown that the observed nonlinear features can be explained by Maxwell-Wagner polarization
due to the presence of conductive graphite-like nanoclusters (sp2-hybridization) in a dielectric
diamond-like matrix (sp3-hybridization). The obtained results are important for understanding
the electrophysical properties of carbon nanostructured materials.

Keywords: graphite-like carbon films; capacitive properties, frequency dependence;
Maxwell-Wagner polarization; sp%/sp® hybridization; nanoclusters; dielectric constant; thin
films; electrophysical properties; carbon nanomaterials.

Beenenue
Yrnepoa cnocoOeH (GopMUpOBaTH Marepualibl ¢ IIUPOKUM CHEKTPOM

CBOMCTB: OT JAMPJEKTPUYECKHX (aiMa3) A0 npoBojsamux (rpadur), 4YTO
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0OYCIIOBIEHO PA3TMYHBIMA THIIAMU MHOPUIM3aiy aToMoB (sp? u sp®). ITosTomy
TOHKHE rpaduTOnO00HBIE TUIEHKH, KOTOPBIE MOTYT COYETaTh 00a THMa CBA3CH,
OPEICTABISIFOT 3HAYMTEIBHBIA MHTEPEC [UIsl  JJEKTPOHUKA M CO3JaHUs
ANEKTPOHHBIX  (UABTPOB  Onarojaps  BO3MOXKHOCTM — YOPABIEHUS — HMX
anekTpopusnyeckumMu  napamerpamu. Llenpto  gaHHONH paboThl  ABIISETCS
WCCIICIOBAHUE YACTOTHBIX 3aBUCHUMOCTEH €MKOCTH M aHAJIM3 MEXaHU3MOB

MOJIAPU3ALMH B CTPYKTYPaxX Ha OCHOBE TAKUX IUICHOK.

OcHOBHAA YACTH

Tonkue rpad@uTono00HbIE YIIIEPOAHBIE MIEHKH TONUHOW ~50 HM ObL
OCWKACHBI B BAKyyM€ HA CTEKJISTHHBIC MOJUIOKKH C HIKHUM CIIOEM HUKEIIS.
Bepxane Merammmyeckue KoHTakThl (Ni1) mmomaneto 800800 Mkm
(OPMUPOBATUCH METOJOM 3JIEKTPOHHO-TYUYEBOTO HMCIAPEHMSI YEPE3 MACKY.
H3MepeHnss €MKOCTH MPOBOMWIMCH € MOMOMBK aHaymzartopa THS12 wu
30H10BOI cranumn SEMISHARE M6 B mMpPOKOM [auana3oHe 4YacToT MpH

PA3JIMYHBIX ITOJIAPHOCTAX HAIIPAXKCHUA CMCIICHUS.
9KCHepI/IMeHTaIIBHO YCTAHOBJICHO, YTO YaCTOTHLIC 3aBUCHUMOCTH CMKOCTHU

HOCAT HEJIMHEHHBIA xapakTep (pucyHOK). HesaBucumMo OT MOASPHOCTH
OPUJIOKEHHOTO HAMPSDKEHWS, HA HHU3KMX YacTOTaX HaOJIOJACTCS PE3KOE
YBEJIMYEHUE EMKOCTH, TOTJA KaK B BBICOKOYACTOTHOH 00JaCTH MPOUCXOIUT €€

cian ¢ moC/ICAYOIHUM HACBIITICHUCM.
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YacToTHAast XapaKTEpUCTUKA EMKOCTH CTPYKTYP
C TIONYITPOBOAHUKOBOM rpadUTONO00HOH MIIEHKOH yriepoaa
Frequency dependence of capacitance of structures
with semiconducting graphite-like carbon film

XapakKTCpHO JJIA IrCTCPOrCHHBIX CHUCTCM

I[TogoOHOE  TIOBENEHUE
3TOMY

v 00BsicHsieTest  mosispu3aumeii  Makceemna-Barnepa.  CornacHo
MEXaHU3My, Ha TpaHuOax paszena (a3 ¢ PpasauyHOi  NPOBOJUMOCTEIO
NPOUCXOANT HAKOIMJIEHUE 3aPSAA0B, YTO MPUBOJUT K POCTY AMDIEKTPHUECKON
NPOHUIAEMOCTH HA HU3KUX YacToTax. C YBEITMYEHUEM YaCTOThI BKJIA JAHHOH
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NOJIAPU3ALMN CHIDKAETCS, M JUAJICKTPUYECKAsh MPOHUIAEMOCTh CTPEMHUTCS K
CTALlMOHAPHOMY 3HAUYEHUIO.

B wuccnenyembix rpaduTOnOAOOHBIX IMIEHKAX POJb  MPOBOJSLIMX
BKJIOUEHHH WIPAIOT HAHOKIACTEPHI ¢ Sp’-rubpuausaumeii (rpaduronomnobHas
(asza), OKPY>KEHHBIE AUDIEKTPUUECKON MATPUIIEH ¢ IpeodnagaHueM Sp -CBs3eii.
Hannume Taknx HAaHOCTPYKTYPHBIX HEOJHOPOIHOCTEH MOATBEPKACHO JaHHBIMU
[TPOCBEYUBAOILEN DIIEKTPOHHON MUKPOCKOITAH.

3aKkJIYeHue

B pabore nmokazaHo, 4TO CTPYKTYPbl METALI-NOJYNPOBOJHUK-METAII HA
OCHOBE  MOJYMPOBOAHUKOBBIX  rpa@MTONONOOHBIX — YIIEPOAHBIX  MJIEHOK
00Ja1al0T  SIPKO  BBIPAXKCHHONW HEJIMHCHHOCTHIO YAaCTOTHOH 3aBUCHUMOCTH
E€MKOCTH. Y CTaHOBJIEHO, YTO JOMHUHHUPYIOIIUM MEXAHU3MOM, OTBETCTBEHHBIM 32
BBICOKME 3HAQUEHUSI €MKOCTH B HHM3KOYACTOTHOH 0OJacTH, SBISETCS
nonspuzanuss Makceemna-Baraepa. JlanHblid 3@QekT 0OyCIOBIEH HaIM4MEM
IPOBOJISIIKX SP>-KJIACTEPOB B JMAJIEKTPUUECKOil sp’-matpuie. ITomyueHHble
PE3YABTaThl BAKHBI JUJIS1 MIOHUMAHMS SIEKTPO(YU3AYECKAX CBOHCTB YIIEPOIHBIX
HAaHOMATEPUAIOB U UX MIPUMEHEHHUS I CO3JAHUS JIEKTPOMArHUTHBIX SKPAHOB.
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