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JoKa3aHo, YTO YTBepIeHNA 0 HaGMIONeHN! MepeXoNoB MexIy OUaNeKTpuueckoil dasoil u dazamu nemo-

YHCIeHHOr0 KBaHTOBOro 3dderTa Xomla ¢ KBAHTOBLIMY 3HAYEHUAMHE XOJLIOBCKOIl IIPOBOJUMOCTH 04, > 3e*/h,

cHelaHHbIe B pAfe pa6oT, He0GOCHOBAHHBI. 3a KPUTHUYECKHe TOYKHU (a30BBIX MEPeXoJoB B 3TUX paGoTax HpH-

HHUMAaIOTCA TOYKHU IepecedyeHusn 3aBUCHMMOCTelHl QuaroHajlbHOTO COIIPOTHUBIIEHUA Pz OT MArHUTHOI'O IIOJA IPpU

pa3inuvyHbIX TeMIliepaTrypax T IIPU WeT = 1. da camom Jelie 3TU TOYKHU NepeceyeHUud OﬁyCJIOBJIeHI:I HN3MeHeHueM

3HaKa Npou3BOOHON dp../dT npu w.r = 1 B pe3yibraTe BINAHUA KBAaHTOBBIX MONPABOK Ha IPOBOAUMOCTE.

3necs w. = eB/m — UMKIOTPOHHaA YacToTa, T — TPAHCIOPTHOE BpeMsA pelakcanuu, m — shdeKkTuBHaAA Macca

3JIeKTpOoHa.

dazoBaa amarpaMma [IBYMEpHBIX CHCTEM B Mar-
HUTHOM IIOjle NpUBIeKaeT K cebe BHUMaHUE yKe MHO-
ro IeT Kak TeOpeTUYEeCKM, TaK U DKCIEePUMEHTANbHO.
TpakToBKa LeNOUKNCIEHHOT0 KBaHTOBOro addexta Xoi-
na (IIK9X) Ha ocHOBe TeopuM IBYXIapaMeTpPUUYECKOro
ckeiinunra [1], npencraBneHHON rpaduuecks guarpam-
Moii mortoka [2, 3], npennaraer peuieHue npoGremMsr Ge3s
yudeTa 3lIeKTPOH-3IeKTPOHHOr0 B3aumozeiicTBuA. Janb-
Helilllee pa3BUTHe CKEWIMHIOBOM TeOpUHU IOKa3alo, 4TO
INA TIONAPU30BAHHON MO CMUHY SNEKTPOHHOM CHUCTEMBI
BIEKTPOH-3IEKTPOHHOE B3auMMOJeNCTBUe He BIMAET Ha
nosnoskenue rpanun das KX [4, 5].

CornacHO CKEWIMHIOBON Teopuu, TpaHUIA MemIy
nByma ¢aszamu [TKIX Bo3MosmHa TOIBKO B TOM CIy-
yae, eclid B 3TUX (pazax KBaHTOBaHHbIe 3HAYEHUA XOJ-
NOBCKOM MPOBOAMMOCTH NIPU HYNEBO# TeMmmepartype oZ,
oTauyaloTcA Ha €2/h uiu B cillyyae BBIPOMIEHUA YPOB-
et Jlanmay no cnuny — Ha 2e2/h. Ongnako B paAze pa6oT
JONOMEeHO 0 TOM, UTO HaGMIOJAIOTCA MEepPeXodbl MEMmIy
AusnerTpuueckoit dasoit (0f, = 0) u dazamu [IKIX
C KBaHTOBBIMHU 3HAUEHUAMM XOIJIOBCKON MPOBOIMMOC-
™ 0, > 3e’/h. B patore [6] coobmaerca o Habmo-
JIeHUU TepexooB Ugy =0« Ugy = 362/h B IBYMEPHBIX
IOBIPOYHBIX CHCTEMaX B KBAHTOBBIX IMaX HaNpAMKEeHHOI0
Ge. O mabmogenun mepexonoB od, =0 < o, > 3e’/h
B JBYMEPHBIX IBIPOUHBIX CUCTEMAX B KBAHTOBLIX AMAaX
HanpskenHoro Ge cooGmaercs Takske B pabore [7]. B
pabote [8] coobmaeTca o HaOMIOJAEeHUU epPexXooB agy =
=0+ o0l =6e’/huocl =0« ol =8¢’/h B pan-
TOBBIX JNerupoBaHHbIX AMax AlGaAs/GaAs/AlGaAs. U
B paboTe [9] coobmaeTca o HabaIOJeHUU [EePEXOA0B U3
cocrosinuA ¢ of, = 0 B cocToAHMA ¢ 0, OT 6e’/h mo
16e?/h B rerepoctpyktypax GaAs/AlGaAs. B aTux
pabGorax [6—9] 3a KpuTHuecKue TOUKM (HA30BBIX mepe-
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xomoB B, (cM. puc.l) npuHMMAaKOTCA TOYKHU Hepecede-
HUA 3aBUCHMOCTElN JUaroHalIbHOI'0 CONPOTHUBIEHUA Pgq
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duc.l. JluaroHanbHoe Yy[elbHOE CONDPOTUBICHUE prp U
XOILIOBCKOE CONPOTUBIEHUE g, KBAaHTOBOI lerMpoOBaHHOI
aMbel AlGaAs/GaAs/AlGaAs. DnekTpoHHas MIOTHOCThb
N, = 1.04 - 10*® M~ ? TemmepaTyphl Al Pa3TUUHBIX Poq
paBasl 0.3, 0.5, 0.8, 1.2, 1.7, 2 u 3.2 K. CnuHoBoe pacmen-
JIeHWe Majlo U He IPOABIAETCA B Pz U B Pzy. B3ATO U3
pabots! [8]

OT MarHUTHOTO MOJA NPU W,T & 1 OpU pasnuYHBIX TEM-
neparypax T (w. = eB/m — UMKIOTPOHHAA 4acToTa,
T — TpaHCIOPTHOe BpeMfA penakcanuu, m — 3pdexTus-
Haf Macca IeKTPOHa). JPU 3TOM Py, CIa60 3aBUCUT OT
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MarHuTHOTO IOJNA U TeMIepaTypbl B OKPECTHOCTU TOY-
K B..

B Hacrosameit paGoTe mokazaHo, YTO 3TU YTBEpPHKIeE-
HUA 0 HaGNIONeHUY MepeX0/I0B Me# Ay TUANEKTPUUECKON
tdazoit u pazamu [IKIX ¢ KBAaHTOBLIMM 3HAUEHUAMU XOJI-
JOBCKO# mpoBoauMoOCTH 07, > 3e?/h HeoGOCHOBaHHHbI.
da camMoM [elle TOUKa MepecevyeHrs 3aBUCUMOCTeil gua-
TOHANLHOTO CONPOTUBIEHUA Py (1) OT MATHUTHOIO MONA
IpU pa3nUyYHBIX TeMIepaTypax o0yciloBieHa U3MeHeHU-
eM 3HaKa npousBogHOl dp,,/dT B pesynbrare BIUAHUA
KBaHTOBBIX monpaBok [10] Ha MIPOBOAMMOCT.

B MarHuTHOM monle [gUaroHalbHOe U XOIJIOBCKOE
KilacCUYecKue NMPOBOJUMOCTH UMEIOT CIeIYIOMHUi BUI:

0 Nge?t 1

Opy = 1
m 14 (wcT)2 M)
u
N, 2
Ugy _ Nee’r  wer i 2)
m 1+ (weT)

(3mecs N, — aIeKTpoHHAA MIOTHOCTH). KBaHTOBbIE mO-
NpaBKM K [MaroHalnbHOi mpoBoguMocTH Ac,,(T) =
= 04¢(T) — 0%, < 00, y6GriBaloT Npu MoHMKEHMH TeM-
neparypsel. dpu T — 0 0,,(T) — 0, Kpome KpuTHUeEC-
KHX Touek, rae oy, = (i +1/2)e?/h (cm. puc.2). 3a uc-
KIoyeHreM o6nactu cnaboit nokanusauuu (B < 1Tn),
XOILIOBCKAA NPOBOZUMOCTD Oy, He 3aBHCHT OT TeMIlepa-
TYPBI BILIOTB [I0 TEMIEPATyP, IPU KOTOPBIX 04, ~ €2 /h.
dpu Gonee HU3KUX TEMIEpaTypax XOIIOBCKAA NPOBOLH-
MOCTb 0, HauMHAeT 3aBUCEThb OT TeMIEepaTyphl, CTpe-
MACh K GinaiiieMy KBaHTOBaHHOMY LEI0YHCIEHHOMY
3HAUYEHUIO 04y (B;) = ie?/h Tak, 4ro npy w.r < 1 Benu-
yuHa B; < Be.

C y4eToM KBaHTOBBIX ONPABOK J1aroHalbHOE U XOl-
NOBCKOE CONMPOTUBIEHUA IBYMEDPHON 3I€KTPOHHON cHc-
TeMbl paBHbI

pea(T) = 0% + [ (6%,)" = (p22)°] Acaa(T)  (3)

pay(T) = P2, — 200,00, A0se (T). (4)

3necy yurteno, uto pl, = o0,/ [(ng)2+(agy)2],

#y = 0%/ [(0%)" + (02,)°] m 0%, 02y, 0%, w03, -
3aTpaBoYHble (HEeNepeHOPMHUPOBaHHbIE) NPOBOLUMOCTHU
U CONPOTHUBIEHUA, COOTBETCTBYOMNE TU(DY3UOHHOMY
IBUKEHHUIO B3IeKTPoHa 0e3 uHTephepeHUUOHHbIX (110-
Kanu3auuoHHbIX) 3)(EKTOB Ha PAcCTOAHUAX GONBIINX,
yeM mar audpdysun. TemnepaTypHas 3aBUCUMOCTH
Pzz MeHAET 3HAaK B MarHuUTHoM moile B, B KoTopoMm
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duc.2. CxemMaTUUecKkaf CKeHIMHroBafg AuarpaMma MOTOKa
NIl KBAHTOBO# AIMBI, JaHHbIe NJIA KOTOPOil MpeacTaBIeHbI
Ha puc.l. CnuHOBOe pacmienieHHe NpeHeGpe:KMMO Malo.
CnomHble TMHUY NPENCTaBIAIOT co60ii cemapaTpUCh] qUa-
rpaMMebl. IIITpruXoBble TMHUM NMOKa3bIBAIOT NMHUU 3aTpa-
BOYHBIX IIPOBOJVIMOCTeMt agy(agz) npu w.T < 1 gna obpas-
I1a ¢ 3aTPaBOYHOM NIPOBOAMMOCTLIO B HYJIeBOM MarHUTHOM
none ¢° = 7.5262/’7,. OYHKTUDHbIe TUHUN — CKeHIMHIO-
Bble IMHUM noToka. IlITpux-myHKTHUpHaA mpAMad COOT-
BETCTBYET COOTHOIIEHUIO w.T = 1

0 — 0
Paz(B) = py,(B). Jpu KIaccHYECKOM paccMOTPEeHUH
0 _ 0 —
pzz(B) - pzy(B) IpHA WeT = 1.
2

dpu 04y > e’/h, HO wT < 1, AuaroHaibHoe co-
NPOTUBIEHUE p,, CHauala BO3pacTaeT MPU MOHUKEHHU
TeMIepaTypbl 10 BEIUUNHBI

1
209,

(5)

Pzz,max =

a 3aTeM p,, yObiBaeT, cTrpeMmack kK 0 mpu 7' — 0, 3a
UCKIIOUEHNEeM KPUTHUYECKMX MarHUTHBIX Honeil, B Ko-
TOPBIX ogy = (i + 1/2)e%/h. Tarum obpazom, oTpula-
TellbHafA BeNnunHa dp,,/dT B Inana3oHe M3MepeHUR He
03HayaeT, UYTO JIEKTPOHHAA CHCTeMa HAXOAUTCA B JAU-
ANEKTPUUYECKOM COCTOAHUMU.

OtmeruMm, uto monoxenue ¢a3 [[KIX Ha ocu mar-
HUTHBIX MoJell He ompefensderca GaKkTOPOM 3aMoTHEHUS
v mpn wr < 1. Owo 3apaerca BeanuuHoi o3, h/e®. dra

BelMYMHA OTIUYHA OT v A1A weT < 1 [11].
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Urak, B HacToAmeil paboTe NMoKa3aHO, YTO yTBep:K-
neHus pabot [6—9] o HabmOJeHNH IepeX0I0B MeM LY I1-
aieKTpuyecKoii ¢asoit u dazamu [[KIAX ¢ KBaHTOBBIMU
3HAUEHUAIMA XOINIOBCKOW NPOBOAMMOCTH oF, > 3 He-
000CHOBaHHBI. Ja caMOM [ielle TOUKa MepeceueHU 3a-
BUCHMOCTel JUaroHalbHOrO CONPOTUBICHUA Py, (T) OT
MarHuTHOTO MONA NPHU Pa3dNYHBIX TeMIepaTypax oby-
CIIOBIEHA U3MEeHeHHeM 3HaKa NPOu3BOAHOM dp,, /dT npu
weT & 1 B pe3ynbTaTe BIMAHUA KBAHTOBBIX ONPABOK Ha
IPOBOJUMOCTD.
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