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OﬁHapyﬂ{eHa HN3KOBOJbBTHaA HeCTalMOHapHafd 3J€KTPOHHAaA 3MHUCCUA M3 OOHOCTEHHbBIX YIJIE€POOHBIX Ha-
HOprﬁOK, BO3HHHKAammas IIoclie INpoTeKaHUuA GONBLIIOr0 aBTO3AMMCCHOHHOT'O TOKa. HpennonaraeTca, YTO 3Ta
3MHUCCUA €CTh 3K303JIEKTPOHHAA 3MHNCCHUA, CBA3aHHAaA C MeXaHUYeCKUMHU HaNpAMEHUAMHA U ,Ele(peKTaMPI, BO3HU-

HKawIluM4 B HaHOprﬁKaX o4 BIANAHWUEM 3J€eKTPOCTATUYECKUX CHUII, HeﬁCTBleH.lPIX Ha HaHOprﬁKH B CUIBHOM

3JIEKTPUYECKOM IIOJe€.

PACS: 73.63.Fg, 79.70.+q, 79.75.+g

ABTO031€KTPOHHBIE BMUTTEPHI HA OCHOBE YTJIEPOIHBIX
HAaHOTPYOOK NPUBIEKAIOT BHUMAaHUE MHOTOYMCIEHHBIX
ucclefoBaTeneit Gnarogapa BO3MOMHOCTU HIMPOKOTO KC-
MONb30BaHKUA 3TUX SMHUTTEPOB B BAKYYMHBIX 3JIE€KTPOH-
HbIX npubopax [1]. IMHUCCHOHHBIE XapaKTEPUCTUKK Ta-
KUX SMUTTEPOB B MEPBOM MPUGIUMEHUU XOPOUIO OMU-
ceiBaioTcA Teopueit @aynepa—Hoppareiima, pa3BuToii nna
MertanioB. HabGaionaemeie B psie cly4aeB OTKJIOHEHUS
SMUCCHUOHHBIX XapaKTEPUCTHK OT 3TOH Teopuu 00BAC-
HAIOTCA CYLIeCTBOBaHNEM Ha KOHUMKAaX HAaHOTPYOOK aj-
COpOLIMOHHBIX COCTOAHUMN, YBEIUUYUBAIOMUX IMUCCHUOH-
HbI TOK [2].

CornacHo Teopuu Paynepa—Hopareiima, mioTHOCTH
TOKAa aBTOANEKTPOHHON AMUCCUY j CBA3AHA C TOKANbHBIM
AIEKTPUYECKUM MOjleM BOIU3M MOBEPXHOCTH 3MUTTEpA
E crnenyomuM BhIpameHUueM:
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3neck j Beipamena B A/cm?, E — B B/cMm, a ¢ — pabo-
Ta BbIX0aa sMuTTepa B 5B. Kar Bugno us dpopmyusr (1),
I/l ABTORIEKTPOHHON SMUCCUU XapaKTepHa 0YeHb CHIIb-
Hafl 3aBUCHMOCTb SMUCCHUOHHOT0 TOKa OT 3NEeKTPUYECKO-
r'o MOlfl U, CIEf0OBaTENbHO, OT NPUIOHEHHOI0 HaNpsHe-
HUA.

B xoze uccnegoBaHuil aBTOAIEKTPOHHON ASMUCCHH U3
CII0EB C OJHOCTEHHBIMM YTJEPOIHBIMHM HAHOTpPYOKaMM
(OYH) MbI 00HapyuUiId B ONpPEIENeHHbIX YCIOBHAX MO-
fIBIIEHUE J[ONONHUTEILHOr0 3MUCCUOHHOTO TOKA, KOTO-
pblif cOXpaHAICA NMpU HU3KOM Hanpsmenuu. HsBecTeH
TONBKO OJUH BHUJ 3MUCCHH, KOTOpafd MPOUCXOAUT MpPH

De-mail: almus@mail.cplire.ru

KOMHATHOI TeMreparype, HU3KOM HaMNpAMeHU! U B OT-
CyTCTBUE KaKUX-1100 [MOMONHUTENbHBIX BO30YHAeHM
(dhoTOHBI, BNEKTPOHBI U AP.) — DK303MEKTPOHHAA DMUC-
cud [3]. dToT BuA sMuccuu Gbir OTKPHIT B 40-Xx rogax
npouutoro Beka Kpamepom [3] u cBasbiBaeTcA ¢ cymecT-
BOBaHMEM B TBEP/bIX TelaX MEeXaHUUECKUX HaMpHMeHui
U nedeKTOB, a TaKKe C MPOTEKaHWEM Ha MOBEPXHOCTH
TBEPABIX Tel XUMHUUYECKUX peariuii. MbI nonaraem, 4To
B HaIIKUX SKCIEPUMEHTAaX MbI HaOMIOZANN SK303IEKTPOH-
Hyto smuccuio u3 OYH, cBAzaHHYIO ¢ MeXaHUUYECKUMU
HanpAMeHuAMH U NedeKTaMu, BO3HMKAIOUUMU B HAHO-
TpyOKax moJ BIUAHUEM 3IEKTPOCTATUYECKUX CHUI, Heii-
CTBYIOI[AX B CUILHOM 3JIEKTPUYECKOM IOJIE.

OVYH 6b11u cuHTe3upoBaHbl IYTOBBIM METOAOM C MC-
nonb3oBanueM Ni:Y,(Os KaranusaTopa B relueBoii aT-
mocepe [4]. Ipucyrcrsue OYH B cuHTesupoBaHHOM
MaTepuaine GbLIO MOATBEPKIEHO METOAOM KOMGUHANU-
OHHOro paccesnud csera [5]. Cion n3 HaHOTPYGOK GblIH
ocaMmJIeHbI METOJOM uJKo(dasHoro anexkTpodopesa us
cnupToBoii cycnensun HanotpyGok La(NQOjz);. Crpyk-
Typa MOBEpXHOCTH OCa{IeHHBIX TNIEHOK NpeJCcTaBleHa
Ha puc.l.

HccnepoBannsa aBTO3I€KTPOHHON SMUCCHM NIPOBOAU-
TUCh B CBEPXBLICOKOBAKYYMHOI YCTaHOBKE, B BaKyy-
me p ~ 10~° Topp. Ilpu ucclefoBaHUAX MCMONbL3OBANCA
cepuueckuii aHOI M3 HepsKaBeloLleil cTalu J1aMeTpPoM
2 MM, pacnonoxeHHbId Ha pacctoguuu 200-400 MEM oT
noBepxHOCTH o6Gpasina. OGpaseln 3aKpemifailcA Ha YHH-
BepcalbHOM MaHunyiaaTtope. IIpu Takux mcciefoBaHU-
fIX paccTofHWe aHojx — obpasel] ONpeJeNANoch 10 JUM-
6y MaHUIYIATOpa NPU HM3MEPEeHUAX SMHCCHH [0 OTHO-
IIEHUI0 K TUMOYy MaHUNynAaTopa, NIPU KOTOPOM BO3HH-
Kall SIeKTPUYECKUI KOHTAKT MemJIy aHoAOM U obpas-
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MecTo 7151 TOHOBOTO PUCYHKA

Puc.1. dneKTpoHHO-MUKpOCKONIMYECKOe M306pasieHune yr-
IepOOHOr0 CIOA M3 OJHOCTEHHBIX HAaHOTPYGOK, ocamJeH-
HOT'O METOJOM KUIKOCTHOIO 31eKTpodopesa

IIOM, TO €CThb KOrjJa aHoj Kacalcfi MOBEPXHOCTHU obGpas-
na. aMepeHua BONbT-aMIEPHBIX XapaKTEePUCTUK aBTO-
SJIEKTPOHHON 3MUCCUM NMPOBOJUINCE C UCNONb30BaHUEM
HCTOYHMKA BbIcOKoro Hanpsmenusa Keithley 248 u nu-
roamnepmetrpa Keithley 6485. dMuccruoHHble XapakTe-
PUCTHUKM 3alUchIBalUCh U 06pabaThIBallCh C MOMOIILIO
NEPCOHANBHOT0 KOMIIBIOTEPA.

JKCNEepUMEHT TPOBOAWICA CIeJYIOIUM 06pa3oM.
Buauane mnpoBoAMIUCH U3MepEHUA BONbT-aMIEepHOI
XapaKTepUCTUKUA 5SMUCCHOHHONO TOKa B JAManaso-
He 107°—107°A npu yBemMueHuHM HaNpHKEHUA
Memay aHoioM u obpasnoMm. Takag XapaKkTepUCTH-
Ka 1A ogHoro ua ob6pasnoB ¢ OYH npuBenena na
puc.2a (kpuBaa 1). Ha puc.2b sra xapaxrepucTura
nepecTpoeHa B KoopauHaTax @aynepa-Hopareiima
(logI/V? = 1/V). B arux KoopAuHAaTax B COOTBET-
crBuu ¢ Teopueit ®aynepa—Hopareiima BonbT-amnepHbie
XapaKTepUCTUKU aBTO3JIEKTPOHHOU BMHCCUM JONMHBI
YRIAOBIBATHCA Ha NPAMYIO JIuHMIO. HKak BHAHO u3
puc.2b, BonbT-amMnepHasa XapaKTepUCTUKA, U3MEPEHHAA
npu yBennueHud Hanpskenus (KpuBasa 1) B o6aactu
TokoB I < 4-1077 A ABnfeTcA NpAMONUHEMHOH B KO-
opaunatax ®aynepa—Hopareiima, To ecTb HaGmonaercA
aBT03NeKTpPoHHaA sMuccua. HeGonbInoe 0TKIOHEHNE Xa-
PaKTepUCTUKU OT NPAMOI TMHUM NpU GONBIIKUX TOKAX,
NO-BUJUMOMY, CBA3AHO C HE3BHAUMTEIbHBIM U3MEHEHUEM
(opMbl (3aTynieHneM) KOHUMKA HAHOTPYGKU.

3aTeMm ofpaszell BBIAEpPKUBAICA TPU SMUCCUOHHOM
toke I ~ 107%A B Teuenme 30mun. IIpu 3ToM Ha-
GmofacA MIABHBIA POCT TOKa co BpemeHem oT 106
mo 2-107% A. Tlocne aToro uamepanach BOIbLT-aMNepHas
XapaKkTepUCTHKA YMUCCUOHHOTO0 TOKA NPU yMEHbIIEHUU
Hanpsmenusa. Hanpsamenue ymenbmanocs or 1060 no
560 B, ogHako Tok majal Toabko oT 2-107% 10 3-1077 A
(xpuBas 2, puc.2), B To BpeMsA Kak [epBOHAYalbHO NPU
V = 560B Tor 6b11 paBen 10710 A. Bonee Toro, pame
npu yMeHbuieHuu Hanpsenus no 100 B, amuccuonHsIi
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Puc.2. (a) BoabT-ammepHble XapakTePUCTHKH 3IEKTPOH-
HO¥ 3MUCCHUY U3 yTIEPOIHBIX CIOEB C ONHOCTEHHBIMHU HAHO-
Tpy6kamu. KpuBaa 1 — yBenndeHve HanpfAMmeHUA, KPUBaa
2 — yMeHbIIeHUe HaIpAMeHUA mocle BbiAep:ku 30 MUH
npu toke I ~ 1078 A. (b) - Te me xapakTepucTHEH, Te-
pecTpoeHHbIe B KoopauHaTax @aynepa—Hopareiima
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TOK BHauale ocTapaics Ha ypoBHe 107 A. Takum o6-
pasoM, Mbl HabmiOAany HU3KOBOJBTHYIO 3JIEKTPOHHYIO
smuccuio u3 OYH npu nonax moutu B 10 pa3 MeHb-
IIe, YeM IoJie, COOTBETCTBYIOIIee MOABIEHUIO aBTOIEK-
TPOHHON 3MMCCHM TaKoil e BelMuyuHbl. MBI monara-
eM, uTo HabmojJaeMafd 3MHUCCUA €CTh HK303JeKTPOHHAfA
AMUCCUA U OHA CBfi3aHa ¢ MeXaHWUYEeCKMMM HampAMeHu-
avu B OYH, Bo3HUKaOMUMKU MO AeficTBUEM BJIEKTPO-
CTaTUYECKUX CHJI IPHU NPOTEKaHUU SMUCCHOHHOIO TOKa.
dTa sMHCCHA HecTalMoHapHa U GbICTPO ClafaeT co Bpe-
MeHeMm. Hawr BuaHO Ha puc.3, 3a 5 MUH 3MUCCUOHHBINH
Tok npu V = 100B cnagaer ot 10~7 10 6-10'° A. Cnan
CO BpeMeHEM TaKjke XapaKTepeH [JIA DK303JIEeKTPOHHOM
AMUCCHUHU.

B cunbHOM 3IE€KTpUUECKOM IOJe, COOTBETCTBYIOUIEM
MOABIEHUIO aBTOJEKTPOHHON SMUCCUM, HA HAHOTPYOKHM
JIefCTBYIOT 3JIeKTPOCTaTUYeCKHe CUIbI, BRITATHUBAIOINE
HaHOTPYGKM K aHomy [6—8]. MmeHHO 3TU cuibl npu
60ONbLINX YMUCCUOHHBIX TOKAaX 4acTO NMPUBOJAT K 0OpPbI-
By 4acTH HaHOTPYOKH, Jerpajanii U pPe3KoMy yMeHb-
LIEHUIO SMUCCUOHHOTrO ToKa [8]. [lnA OLEHKH BIeKTpo-
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Puc.3. BpemeHHasA 3aBUCMMOCTL 3MHCCHOHHOIO TOKa W3
YrIepogHBIX CIOEB C ONHOCTEHHBIMH HAaHOTPYGKaMu Ipu
V = 100 B nocae Buigepsxku 30 MuH mpu Toke I ~ 1076 A

CTaTU4YeCKUX CHUJI, NIPUIOMEHHBIX K OTAEJNbHBIM HaHOT-
pyﬁl{aM MbI HUCIIOJB30BalHU Clleaylollee BbIpasKeHune:

F = (1/2)eE*S. (2)

B sToit dpopmyne F' — cuna B HeioToHax, € — aneRTpu-
yeckas nocroanHasa B ® - M~ ', E — sIeKTpHUecKoe Hole
BB-Mm! u S — mmomans B M2. Ilna oLleHKU BEJIMYMHBI
F' MBI BBIYMCIUIN CUNY, IPUIOMKEHHYIO TOIBKO K KOHITY
HaHOTPYOKM, Tak Kak BOMU3M KOHIa HAHOTPYOKU Beu-
YyHa ’NeKTpuueckoro nona E makcumanwha. [lna Takux
BbIYACIEHUH MBI Mcnonb3oBamu g9 = 8.85 - 1012 ®/m,
E = 3-10°B/m, S ~ 1078 m? (guamerp OYH d ~
1um) u monyuunu, uto F ~ 3 - 107! H. Orcioma me-
XaHMYecKoe HampsmeHue, neiictByiomee B OYH, paBHo
F/S =3-10"H/m?. MsI nonaraem, 4To TaKoe MeXaHH-
YyecKoe HampfAeHHe MO3KeT NPUBeCTH K o6pa3oBaHUIO

JnedeKToB Ha GOKOBBIX TTOBEPXHOCTAX HAaHOTPYOOK, a 3TO
BBI3OBET MOABIEHUE YK303IEKTPOHOB. [[ONONIHUTENBHBIM
(arTOpPOM, MPUBOJAIINM K MOABIEHUIO AeEeKTOB Ha IMO-
BepxHocTAXx OYH, ABnAeTca pasorpeB HAHOTPYOOK dMUC-
CHOHHBIM TOKOM.

Jerpaganusa aBTO3NeKTPOHHON SMUCCUH U3 YTIEPOA-
HbIX HaHOTPYOOK ompegenfieTc, B MEepPBYIO ouepe]b,
pa3pelBOM 3MUTHUDPYIOLUIMX HAaHOTPYOOK NOA HAeiicTBU-
€M BIEeKTPOCTaTUYECKUX CHUJ, TAHYIUX HAHOTPYOKU K
anopy [8]. 3apmonro mo paspeiBa B HaHOTpyGKax, mo-
BUIMMOMY, BOBHUKAIOT MeXaHUUYeCKHe HanpAMEeHU , KO-
TOpbIE MOT'YT NPUBECTU K NOABIEHUIO 3K303]I€KTPOHHOM
smuccuu. MbI momaraeM, 4TO UCClIEJOBaHUA DK303JIEK-
TPOHHON 5MHUCCUM JagyT [NONONHUTENbHYIO HH(OpMa-
IIUIO O Mpolecce Aerpajanuy HaHOTPYOOHK.

ABTopb! Gnaromapusl A.B.TapmeBy 3a mpoBenenue
ucclefoBaHUN MeTOJOM CHaHUpYIOLlell 3JeKTPOHHOI
MHUKpockonuu. PaGoTa BbhINONHEHA NpPU YacTUYHOMH
¢unaucoBoit mognepmre Poccuiickoro ¢onma ¢yHma-
MeHTaNbHbIX HcclefoBanuit (rpaut # 04-17618).
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