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HenunHeiinbiii 3¢pdext Xoina B KBa3uAByMeEpPHOI 3JeKTPOHHON cucTeMe

A. A. BeirosY

HucTuTyT pusuku nomynposogHukoB Cubupckoro ora. PAH, 630090 HoBocubupck, Poccua

IMoctynuna B pegakuuio 20 mapra 2008 r.

HccnenoBaH HelWHEHHDBIN 3I€KTPOHHBIN TpaHCIOPT B ABONHBIX GaAs KBaHTOBBIX AAMax C JABYMA 3alOIHEH-
HBIMM YPOBHAMHM pa3MepHOro KBaHTOBaHUA npu TeMmmeparype 4.2 K B maruuTHbix moaax B < 1Ta. O6uapy-
#KEeHO, YTO B M3y4yaeMol KBasMABYMEPHOI 3IEKTPOHHOI cHcTeMe Ioj AeificTBUEM CHHYCOMAAILHOrO 3I€KTDPH-
yecKoro Toka I,. TeHepUPYIOTCA BBICHIME TAPMOHMKYN He TOJLKO B IPOJONLHOM HaNpAMKEHUU V. (B), HO U B
xomnoBcKoM Vi, (B). IlokasaHo, 4TO mOA AeiicTBHEM MHUKPOBOIHOBOIO M3IYUYEHWA Y MOCTOAHHOIO 3IeKTpUYec-
Koro Toka Iy B 3IIeKTPOHHO# cucTeMe ¢ OABYMA 3all0MIHEHHBIMY YPOBHAMY Pa3MepHOro KBaHTOBaHUA BO3HUKAaeT
ocuuinupyiomas or MarHuTHoro noiad JJIC Xoana. IlomydyeHHbIe sKCIepUMeHTaIbHBIE NaHHBIE YKa3bIBalOT Ha
He3aBUCUMBI{l BKIaJ AMAaroHalIbHBIX Y HeJMaroHalIbHbIX KOMIIOHEHT TeH30pa NPOBOAMMOCTH B HEIWHEHHBIH

MarHeTOTPaHCHOPT NpH Goabmux dakTopax 3almOIHEHUA.

PACS: 73.23.—b, 73.40.Gk

OnHoil M3 pasHOBMAHOCTEil KBa3WABYMEpPHBIX 3JeK-
TPOHHBLIX CHCTeM ABIAIOTCA ABOMHbBIE KBAHTOBhIE AMBI
C AByMA 3aM0JHEeHHbIMH yPOBHAMHU Pa3MepHOro KBaHTO-
BaHHA. B Takoii KBa3MABYMepHOii cUcTeMe, IOMeIeH-
HOl B MepHeHJUKyJIAPHOe MarHUTHOE MoJe, BO3MOHSHBI
M303HepreTHYEcKre Nepexosl 3IeKTPOHOB MeM Iy YPOB-
uavu Jlanaay pasiM4HBIX pa3zMepHbBIX MOA30H [1, 2], uTo
NPUBOAMT K TaK Ha3bIBAEMbIM MarHeTO-MeiNoA30HHBIM
OCUMIIANUAM JUCCUIATUBHOIO CONPOTUBIEHUA Py OT
B [3, 4]. B pa6orax [5, 6] Gbl10 06Hapy:eHO, U4TO B
HeMHeHHBIX YCIOBHAX, CO3[aBaeMbIX MHKPOBOJHOBLIM
U3y4YeHHeM WIU TOCTOAHHLIM 3JIeKTPUYECKMM TOKOM
I, mpoucxoauT cyuecTBeHHaa MOIUPUKALMA DTUX OC-
OUIANUR. JKCIepUMeHTalbHEIe JaHHbIC, MONyYeHHEIe
B 3TUX paGoTaxX, 6bLIM HeJaBHO BOCTIPOM3BeAeHbI U COIO-
cTaBleHbI ¢ Teopueil [7, 8], 0HaKO MHOTHE acleKThl He-
JUHE{HOr0 MarHeTOTPAHCIOPTa B ABOMHBIX KBAHTOBBIX
AMax OCTalOTCA JO0 CHX NOp HeM3ydeHHbIMH. B wacT-
HOCTH, OCTAlOTCA HeMCCIeJ0BAaHHBLIMHM TakKe HelnHel-
Hble ABIEHNA, KaK IeHepalyd BhICIIMX FapMOHUE B XOJ-
JIOBCKOM HaNpAMEHMH W XOJIOBCKUN 3(Q(EeKRT BbIIPAM-
NeHus, 0OHApYMEHUIO U U3YUEHUIO KOTOPBIX NMOCBAIIEHa
HacToAImaa pa6ora.

HuTepec K KccieJoBaHUIO NONEPEYHOT0 COMPOTHUBIIe-
HYA B HeIMHEHHEBIX YCIOBUAX BO3HUK CPABHUTENLHO N1aB-
HO B CBA3Y C U3yUYeHNeM KBaHToBoro adderTa Xosa npu
GONbIIMX MIOTHOCTAX BIEeKTpuueckoro Toka [9]. Henas-
HO TaKue KccleJ0BaHUA ObLIM NPeANPUHATHI B CBA3HU C
yCTaHOBIEHHEM POJIM XOILIOBCKOMN MPOBOAUMOCTH B op-
MHUPOBaHUM MTAHTCKUX OCHUIUIANUA COMPOTUBIEHUA U
Ge3IMCCUIAaTUBHBIX COCTOAHUI, MHAYIIMPOBAHHBIX MHK-

De-mail: bykov@thermo.isp.nsc.ru

POBOJHOBLIM T0JIEM B JABYMEPHBIX 3J€KTPOHHBIX CHUCTE-
Max npu Gonbuux ¢axropax samonHenus [10—19]. Bsi-
JI0 YCTAHOBIEHO, YTO MUKPOBOIHOBOE U3y YeHNE BIUAET
He TONBKO Ha JUaroHalbHbIE, HO M Ha HeAMaroHalbHbIE
KOMIIOHEHTHI TeH30pa conporusienus [15, 16]. B vact-
HoctH, CTYyNeHMKUHBIM C COAaBTOpaMu ObLIO MOKa3aHo,
4TO BIMAHUE MUKPOBOIHOBOIO M3NYUYEHUA HA Pgg U Pgy
06yCIIOBIIEHO HE TONBKO JNUIb NPOA0NbHON MUKPOBOIHO-
BOif ()OTONPOBOAMMOCTLIO, @ ABIAETCA CIEACTBUEM He-
3aBUCHMOr0 BO3JeiCTBUA MUKPOBOIHOBOTO NONA HA BCE
KOMIIOHEHThI TEH30pa MPOBOJUMOCTH O, TO €CTh HA Oyq
H 0,y [15]. PesyabTaTsl, nomyuennsle B paoTax [15, 16],
[O3BONAIOT NPEANONI0KUTE, YTO B HEPABHOBECHBIX YCIIO-
BUAX, CO3[aBaeMbIX MEPEMEHHBIM BIeKTPUYECKUM TO-
KoM I, UM NOCTOAHHBIM TOKOM [g. MM UX COBMECT-
HBIM JeMCTBUEM, TaK e Kak U MUKDPOBOIHOBBIM IOJEM,
HeluHelHbIe ABNEHUA JOMMHbBI NPOABIATLCA HE TONbKO
B [UaroHalbHbIX, HO U B HeJJUaroHalbHbIX KOMIOHEHTaX
TeH30pa MPOBOJUMOCTH.

B ofmem ciyyae OTRIMK 3N€KTPOHHOI CHCTEMbI Ha
CUHYCOUJANbHBIA 3NEeKTpUYECKUit TOk [,. B mpucyTt-
CTBUU MOCTOAHHOrO TOKA Iy, MoMeT ObITh MpeAcTaBlIeH
B BUJIE CyMMBI:

V=Rolyc+ VO +vO 4 v@ L yv® 4 0 (1)

raie Ry — craTuyeckoe conpoTuBIeHUE, paBHOE OTHO-
wennio Ve /Iyc, V() — npanpssenne HyneBoit rapmo-
muen, a VO, V@ u VO — panpamenus nepsoi,
BTOPOii M TpeTheil rapMoHUK, COOTBeTCTBeHHO. Ha-
muune B Bhipasenun (1) komnomenth V(%) orpamaer
3¢ ¢dEeRT BBINPAMIEHUA B CHUCTEME, TO €CTb MOABJIEHUE
MNOCTOAHHOTO HANpPAMEHUA MO JeficTBUEeM NepeMeHHOo-
ro BNeKTPUYECKOro ToKa. B cnyuae, Koraa Anf BONBT-
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amnepHoii xapaktepucturu (BAX) Beimmonuserca ycno-
Bue Vye(lye) = —Vae(—1Iac), a uepes obpasen mporera-
er nepeMeHHblii TOK I,., B cymme (1) mpucyTcTByioT
IUIIb HeYeTHble TapPMOHUKM. B 3TUX YCIOBHUAX YlEeHbI
RoIsc u VO g (1) oTcyterByIOT, TO €CTh OTCYTCTBY-
eT u 3(p¢eKT BeINpAMIEHUA, KOTOphIi B cucTeme ¢ BAX
Buga Vic(lac) = —Vac(—Idc) mOmMeH NoABAATLCA MULIb
NPY OIHOBPEMEHHOM NPOTEKAHUY IEPEMEHHOI0 U NOCTO-
fAiHHOro TOoKOB. Hak 6yneT nmokasaHo HUMe, B MarHeTo-
TpaHCNOpPTe U3y4YaeMoil 3JIeKTPOHHON CUCTEMEI NOJ Aek-
cTBUEM TOKOB I,. U I3, reHepupyIlOTCA BhICIINE rapMo-
HUKHU He TOJBKO B IPOJOJNBbHOM HaNpAMEHUHU, HO U Nome-
PEYHOM, UTO coriacyeTcs ¢ BbIBOJAMU, CAeTaHHBIMU B
pabote [15]. Tarme Gyner mokasaHo, 4TO NPU COBMECT-
HOM JIefiCTBUM MUKPOBOJIHOBOI'O U3IyYeHUA U ToKa Iy, B
JBOMHBIX KBAaHTOBBIX AMax npu Gonbmwux darTopax 3a-
NOJHEHUA BO3HUKAET OCHWIINPYIOIaA OT MarHUTHOIO
noaa A C Xomna.

UsyuaeMble B paBoTe TreTepPOCTPYKTYpPhl Mpen-
cTaBaAny co6oif CHMMETPUYHO JErMPOBaHHLIE TBOMHbBIE
GaAs kBanToBble AMBIL. [[lMprHa TYHHEIBHO-CBA3AHHBIX
AM dw coctaBifana 13 HM. B rauecTBe GOKOBBIX Gapb-
epoB K GaAs HKBaHTOBRIM fIMaM WKCIOJNb30BalUCh
AlAs/GaAs cBepxpelleTkM, a B Ka4eCTBe TYHHEIbHOTO
G6apbepa Memay fAmamu ucnonb3oBanca ciuoit AlGaAs
TonuuHoi dp=2HM. CTPYKTYyphI BhIpallUBalIUCh METO-
IOM MOIeRyIfipHO-Iy4eBoii snutakcuu Ha (100) GaAs
noanoxkax. MccnenoBanus npoBogunuck npu 7' = 4.2 K
B MarHuTHeIX nonax B po 1Tn na moctuxax Xonna
mavHoit L=450MEM u mupunoit W=>50mMurM. OGe
TYHHeNbHO-CBA3aHHbIe KBAHTOBbLIE MBI GBLITU 3alIyHTU-
poBaHbl OMHYECKMMHU KOHTaKkTaMmu. IllocToAHHBIN TOK
I3 Benmnuunoit ot 0 o 100 MKA ¥ mepemeHHBIH TOR I
BennuuHoit oT 1 mo 100 MKA mogaBanuch 0JHOBpEMEHHO
Ha oMuueckue KoHTarThl 1 u 4 (BcraBka K pwuc.l).
Yactora f Tora I, BapbupoBanack B guamnasoHe ot 10
o 500Tu. Beanuunsnr V,, = Vag(W/L) = Vg5 (W/L)
u Vyy=V26=V35 uamepsanuco Ha uvacrorax f, 2f u 3f
npu nomomuu cunxponHoro ycunutena. IIC Xomna
perucTprupoBaiach Ha YacTOTe aMILINTYAHOU MOAYIfA-
UM MUKPOBOJHOBOTO M3NyuYeHUf, KOTOpasA 3ajaaBallach
B auanasone oT 0.1 mo 1ul'u. MuxpoBoaHOBoe mone
yactoroii 1.5TT'n mogaBanocs Ha KouTakThl 1 u 4 mo
KoakcuanbHoMy HKaGenmio. KoHueHTpanua sneKTpOHOB
nr B TeTEePOCTPYKRTypax BhIUMCIANACH K3 CONPOTUB-
NeHUuA pgy npu B=0.5Tn. Benuumna nry cocrasnana
8.4 - 10! cm2. TloaBUMHOCTB f4; BBIYMCIANACH U3 NT
¥ BeIUYUHBI p;, B HyleBoM B. Ilpu T = 4.2K ona
cocraBnana 7.2 - 10° cm? /Be.

IIpu BrimonHenun 3akoHa OMa OTKIUK 3IEKTPOH-
HOU CHCTeMbl Ha CUHYycOMJanbHBIN TOK I, He conep-
JKUT BBICHINX TAapMOHUK, TO €CTh Voo = Rol,c, a Ry
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Puc.l. 3aBUCHUMOCTH T3o(B) M rey(B) AIA pasmTuyHBIX
I4c=0 — mupHafA nuHMS,
I3c=15MKA — ToHKaa auHUA U [3.=40 MKA — OMyHKTUD-
Hafg nvHVA. Ha BcTaBKe nprBelieHa U3MepUTEILHAA CXEMA.
T=4.2K. I,;=1MKA

BeIIMYVH IIOCTOAHHOI'O TOKAa:

onpenenderca HaritoHoM BAX. BesycnoBHo, uTo Henu-
HeliHbIe CBOMCTBA AMEKTPOHHON CHUCTEMEI OMpeneNnfioT-
ca Bugom BAX. OgHako B pAfe ciydyaeB, B YaCTHOCTH,
KOr/la OTKJOHEHUA OT JIMHEHHOCTH He3HAYUTElNbHbIe, B
SKCIEPUMEHTE NPEANOYTUTENRHEE UccleNoBaTh He BAX,
a ee NMpOM3BOAHYIO — AuddepeHalbHOE CONPOTUBIE-
uue r = dVy./dlq.. Npoussonnan dVyc/dlyc = Vac/Iac
IpU aMILIUTYlE IePEMEHHOTO TOKA, CTPEMAIIENCA K HY-
710, YTO U JIE}KUT B OCHOBE HKCMEPUMEHTANLHOI0 U3Me-
penus auddepeHnrarbHOr0 conpoTuBienusa. Meroau-
YeCKM, KaK 5TO MOKAa3aHO Ha BCTaBKe K puc.l, compo-
TuBneHne r & V,./I,. u3Mepanocs Ha wacToTe [ me-
peMeHHOro ToKa [, B MPUCYTCTBUU MOCTOAHHOIO TOKA
Ij.. Towr I,, ymeHblIancA N0 TaKO{ BENUYUHBI, HUMKE
KOTOpO# 3aBUCHMOCTH T4, (B) A TOKOB, 0TIMYAIOMWMX-
Cfl B IBa pas3a, BOCIPOU3BOAMINCH C TOUYHOCTbIO ~ 1%.
B usyuaembix ctpyktypax npu T = 4.2K B maruur-
HeIX nonAx B < 1Tx 3To ycnoBue BBINONHAETCA A
I,. < 2mKA [6]. Ha puc.l npeicraBieHsl sKCIEpUMEH-
TalbHble 3aBHCHUMOCTHU 74,(B) u r5y(B) nna uccuepy-
eMbIx ABOUHBIX GaAs KBaHTOBBIX fIM, U3MePEHHbIE Ha
nepeMeHHOM ToKe [,c=1MKA B NpUCYyTCTBUU MOCTOAH-
Horo Toka Iy ot 0 mo 40 MKA.

W3 szaBucumoctu 74, (B), uamepennoit npu Iy.=0,
ClielyeT, 4TO MarHeTOo-MeMOJ30HHbIE OCHUIIALUU CO-
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NPOTUBIEHUA B M3y4yaeMbIX oOpasnax mpu TeMmepary-
pe 4.2 K HauuMHAaIOT MPOABIATBLCA B MarHUTHBIX MOMAX
B > 0.1Tn. 3tu ocuunnaquu nepuogNYHel B o6paTHOM
MarHuTHOM IIOJIe, a MOJNIOKEHUEe UX MaKCHMYMOB OIlpe-
nensetcd yciaosueM (Ex — Ey)/h = wgas = kw,, rae E;
u E> — sHepreTuyeckoe nojioxeHue NOAypoBHEl B BOIi-
HOI KBaHTOBOH fAIMe, w. — NUKIOTPOHHAA YacToTa, a k —
1ejioe MoJoMKUTeNbHoe uncio. BeruncienHasa us nepuojaa
STUX OCHUIANUN BEeIUMUYWHA paclleNeHUs MOy pOBHeIl
pasmepHoro KBanToBauua Asas = FEs — E; coctaBuia
2.9 M3B, uTo 6IM3KO K pacYETHOMY 3HAYEHUIO B U3yua-
eMmbIx naBoiHbIX GaAs KBaHTOBRIX AMax. Takoe 3Hep-
reTUYecKoe pacllenyieHue COOTBETCTBYET Pa3HOCTH KOH-
LEHTpalnuii B nog3oHax ny —ng = 0.8 x 101 . em—2. He-
X0 A U3 o6Ieit 3NeKTPOHHOMN KOHIEHTpalUY, OnpeeNeH-
HO# M3 XOJIJIOBCKOT'O COMPOTUBJEHUA, MO{HO BEIUMCIUTh
3JEKTPOHHbIE KOHIIEHTpPalMH B NMOA30HaX, KOTOpPBIE CO-
craBuin: nq = 4.6-10" cm~2; ny = 3.8-10 1 em—2. Kar
BUOHO U3 pucyHka, ocuumnanuu [ly6uurosa — ne I'a-
asa, COOTBETCTBYIOI[ME OBYM 3aMoOJHEHHBIM IOA30HAM,
HaYMHAIOT MPOABIAThLCA B nonax Gonee 0.5 Ti.
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Puc.2. BonbT-ammnepubie xapaktepuctuku: (a) Vie(Iy.) u
(b) de;(Idc). B=0 - ;xupHasa IMHUA, wsas/w.=6 — TOH-
KaAd IUHUA U wSAS/wc=4 — myHKTuUpHada auHua. 17=4.2K

Puc.1 HarnagHo moKaspIBaeT, YTO MPU yBeINYEHUHU
Toka I3. TPOUCXOAUT CYIIeCTBEHHOe BHUIOU3MEHEHUe
3aBUCUMOCTEl T,;(B), B TO BpeMA Kak 3aBUCHMOCTU
r3y(B) ANA pasIMYHBIX TOKOB 4. BemuuuHoit ot 0 mo
40 MKA mpaKTHYECKM OCTAIOTCA HEM3MEHHBIMHU. Takoe

noBeJleHNEe MNoNMHOCThIO cornacyerca u ¢ BAX, mpuse-
JeHHbIMU Ha puc.2. BupgHo, 4TO HeNWHEHHBIH TpaHC-
NOPT TMPOABIAETCA JNUIIb B MPOAONLHOM HAaNpAMEHUU
Ve, BA KoTOporo Habmonaorca BAX Buna Vyc(lae) =
—Vac(—1Igc). U3 TeopeTnyecKux OCHOB 3IE€KTPUYECKUX
ieneil U3BECTHO, UTO NMPU NMPONYCKaHUM CUHYCOUTalbHO-
ro Toka I, yepe3 HelMHEHHBIH s1eMeHT ¢ Takoii BAX
B I[leMM JOJKHBI FeHepUpoBaThCA JUIIL HeUeTHbIe rap-
MOHMEKH. [[elicTBUTENLHO, UCCIEJOBAHNA CIEKTPAlbHOT'0
coctaBa V,; NOATBEepAUIN, YTO NPU MPOMYCKAHUM Uepe3
XONNIOBCKUIM MOCTUK TOKa I, B MPOJONBHOM HamMpsie-
HUM YeTHbIe TapMOHUKM OTCYTCTBYIOT. B To e Bpems,
HEYeTHbIe TAPMOHUKM MPUCYTCTBYIOT He TONBKO B Ha-
npA#eHun Vyp, HO U B XOJUIOBCKOM HANPAHEHUN V.
Ha puc.3 npeacTaBieHbl 3aBUCUMOCTH IPOJOIBLHOIO
U TONepevHoro Hanps;eHuit oT B, uaMepeHHble Ha yT-
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Puc.3. 3aBUCHMOCTH IPOJOILHOTO ¥ MONEPEYHOr0 HAIPHA-
MKeHMit TpeThell rapMmoHukm or B: (a) Vz(f)(B) n (b)
Vw(g) (B). T=4.2K, I,.=60vrA. CTpenkoii ykasaHo Io-
IoeHne ToukMn “c6on”

POEHHOI YacToTe CHHycoMmalbHoro Toka I,c. BumHo,
YTO A NPOJOJILHOIO HaNPAMKEHUA TPEThEl rapMOHUKY
BBINONTHAETCA YCIOBHE Vz(i)(B) = Vzg)(—B), a juA mo-
NIePeYHOr0 BBINOIHAETCA Vz(g) (B) = —Vz(g)(—B). Kpo-
Me TOro, aMIIUTYbI Vz(g) u Vzg cpaBHUMBI. Takoe
noBefieHNe KaueCTBEHHO COBMAaeT ¢ BIUAHUEM MUKDO-
BO/THOBOTO TOJIfl HA Pgy U Pzy JBYMEPHOTO BIEKTPOHHOTO
raza B GaAs/AlGaAs rereponepexogax [15, 16]. Toects
reHepanus TpeTheil FrapMOHMKY B XOINIOBCKOM Hampse-
HUU N0 aMINIUTY /e, CPaBHUMOI ¢ TpeThbeil rapMOHUKOM
B [POJIONLHOM HaNpfAKEHUM, HE MOMET GbITh 00yCIOB-
neHa BIMAHUEM I, NWIIb Ha 04,. B cooTBeTcTBHM C
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pesynbTaTamMu paGoThl [15] MOHHO 3aKIIOYUTH, YTO U B
uccleyeMoii cucteMe npu 6oismux hakTopax 3amnoiHe-
HUfl HEMUHENHBINH TPAaHCMOPT 0GYCIOBIEH HE3aBUCUMBIM
BIUAHUEM DIEKTPUYECKOr0 MONA Ha JUAarOHANBHYIO U
He/lMaroHalbHYyI0 KOMIIOHEHThI T€H30pa MPOBOAUMOCTH.

CinegyeT OTMETHTb, YTO B 3aBUCHMOCTAX TPETh-
el TapMOHUKHU OT MArHUTHOTO MonifA HaGmiojaeTcH Xa-
pakTepHbIil “c6oit” ¢a3bl OCHUINANMI, OTMEUEHHBIN Ha
puc.3 cTpeinkoil. AHamu3 3aBUCHMOCTeil Vz(g)(B) noKa-
3ajl, YTO MOJIoMKeHue TOUKM ”c60A” B MarHUTHOM MoJe
3aBUCUT NUHEHHBIM 06pa3oM OT BENMYMHBI EPEMEHHO-
ro Toka. Takoe moBejgeHNe IKCTPEMYMOB B MarHeTO-
MONEBbIX 3aBUCUMOCTAX XapaKTepHO A OCUMIIALNA,
CBAI3aHHBIX C TYHHENUPOBaHUeM 3UHEPa MEHK /Y YPOBHA-
mu Jlangay [20—23]. Ono 06yclOBIEHO HAKIOHOM ypPOB-
ueit Jlanmay B anextpuueckom mnone Xomrna Egmg. Tyu-
HeNupoBaHUe MPOMCXOAUT MeH Iy 3anoNHEeHHbBIMU yPOB-
uamu Jlangay, nemamumu Hue ypoua @epMmu, U myc-
ThIMHM YPOBHAMU, HAXOAAMMMUCA HaJ ypoBHeMm Depmu,
IPOCTPAaHCTBEHHO pa3fieleHHbIMU OucTaHnueit yR,., roe
v ~ 2, a R, — IMKIOTPOHHBIH paguyc. XOILIOBCKOE MOJE
OPUBOAUT K OCUUIIANUAM, NEPHUOA KOTOPHIX OMNpeaens-
eTcA OTHOIIEHNeM wy /w., The wy = eyR.Eg/h. To
€CTh MONOKEHNA SKCTPEMYMOB STHX OCHUILIANUN OMH-
HbI CMellaThCA B MArHUTHOM ToOJie TIPU U3MEHEeHU! Be-

4
I T=42K | (a)
—~ 2r
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Puc.4. 3aBucuMOCTH IPOJOILHOTO ¥ MONEPEYHOro Hamps-
JKeHM# BTOpoii rapmonuku or B: (a) V; (2)(B) u (b)
ViD(B). T=4.2K, I,;=60 MKA, I4,=20 MKA

au4yuHbl Efr, a COOTBETCTBEHHO M BEIMYKMHBI TOKA I10 JIK-
HeiiHOMYy 3aKoHy. IIpeaBapuTenbHbIe OLlEHKM TOKa3alu,
4yTO HabmogaeMsblit “c6oit” cooTBeTCTBYET wir /we ~ 0.5.
Ananmoruunsrit “c6Goit” HaGmiogancA HEZaBHO B MCCIERY-
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eMbIX CTPYKTypax B AudepeHnnanbHOM CONPOTHBIE-
Huu [23].

Puc.4 nokaseiBaeT, 4To npy J06aBIEHNH K NEPEMEH-
HOMY TOKY, IPOTEKAIOLIEMY Yepe3 XOINIOBCKUI MOCTHUK,
IOCTOAHHOTO TOKa B OTKJIMKE KBa3WABYMEDHOH 3ieK-
TPOHHOM CHCTEMbI IOABIAETCA BTOPasA FrapMOHUKA. JTOT
(baKT He yANBHUTENEH, OH [OJIHOCTHIO COOTBETCTBYET Te-
OpeTHYECKMM OCHOBaM 3JIeKTpuuyeckux uemeil. Onua-
KO BTOpaf rapMOHMKa, Kak U TPETbA, NPOABIAETCA He
TOJBKO B [POJOILHOM HaNpAMEHWH, HO U B Nomepey-
HoM. Tawr e, KaKk U AIA TpeThell TaPMOHMKH, aMILIH-
TYIB! BTOPOi TaDMOHMEM B 3aBUCUMOCTAX Vio) (B) n
Vi )( B) cpaBHUMBI, a JIfl MArHETONONEBBIX 3aBUCHMOC-
Teil BBINONHAIOTCA COOTHOILIEHHUS: 2(5)( B) = ;E(zz)(—B)
u V(z)( B) = —Vz(z)(—B). Tenepanusa BTOpOil rapMoOHU-
KM NpejAnojaraeT HaluuWe B OTKJIMKE M HYyIeBOHM rap-
MOHHUKHM. JTa rapMOHMKA OTUYETIMBO POABIAETCH B OT-
KIMKe Ha MUKDOBOIHOBOE U3nyueHue. Y3 MmarueTonone-
BBIX 3aBHCHMMOCTel MuKpoBoiaHoBoit JJIC, mpuBeaeHHBIX
Ha puc.5, BUJHO, YTO [PK NponycKaHuM 4yepes obGpaser

4

=

(arb. units)

0)
xy

v,
s

4
-0.50

Puc.5. 3aBucuMocTH MONEpeyHOi MHUKPOBOMHOBOI (OTO
AJIC or B pnA pa3IvyHbIX BEIUYUH [OCTOAHHOIO TOKa:
I3.=0 —
u Iyc = —20MKA — OyHKTHUpHaA IWHUA.
F=15TITn

mupHafa auHufA; I3.=20MKA — TOHKaA IWHUA
T = 42K,

nocTogHHOro Toka BennuunHa JJC 3HauuTenbHO Bo3pac-
Taet. IIposBnenue MmurpoBonHoBoii IIC B oTcyTCcTBUE
NIOCTOAHHOrO0 TOKA MOKeT ObITh CBA3aHO C BhINPAMIIEHU-
€M Ha HenpjealbHbIX OMUYECKUX KOHTaKTax.

Taxum oGpasoMm, B HacTosleil paboTe oOHapyHie-
Hbl Takue HelMHelHble ABIEHMA, KaKk I'eHepalnus BbIC-
IIMX FapMOHUK M XOIUIOBCKHUIl 3((PeKT BRINPAMIEHUA B
oBoiHBIX GaAs KBaHTOBBIX IMAX B MarHUTHBLIX MONAX
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B < 1Tn. KauecTBeHHBII aHANU3 MONYYEHHBIX BKCIe-
PUMEHTANBHBIX JaHHBIX NMO3BOJAET 3aKIIOYUTH, YTO OC-
HOBHOI TpPUYMHOI HENWHEHHOTO TpaHCIOpTa B U3yudae-
Moii KBa3UAByMepHOii ciucTeMe, Kak U B paGoTax [24, 25],
fIBNAeTCA clneKkTpanbHasa auddysua HocuTeneil 3apana,
BO3HHMKAIOUIaA MOJA NeHCTBUEM BIEKTPUYECKOrO MONA U
NPUBOJAIIAA K HETPUBUAILHON 3aBUCUMOCTH QYHRIUU
pacnpeJeneHU HEPAaBHOBECHBIX BIEKTPOHOB IO SHEPTH-
AM [26, 27]. TlonydueHHble sKCIIEpUMEHTANBHbIE JaHHBIE
NIOKAa3bIBAIOT, YTO HENWHEHHBIN TPaHCIOPT B HM3y4dae-
MOl KBa3UJBYMEPHOIl cucTeMe Mpu GONBIINX PaKTOpax
3anoiHeHuA 06yCIOBIEeH He3aBUCHUMBIM BIMAHUEM 3JEK-
TPUYECKOro MONA Ha AMaroHalLHYIO U HeJUaroHalbHYIO
KOMIIOHEHThI T€H30pa MPOBOAMMOCTH.

ABTop Gnarogaput A.B.Topana 3a KOHCTPYKTUBHbIE
3aMevaHuf K ctaThbe, a U.B. Mapunmuna u J[.B. Homoko-
HOBa 3a MnoJe3Hble fucKyccuu. Pa6Gora 6blna nogaep#ana
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