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HepnasHo B 2D anekTpoHHo#t cucTeMe Ha ocHoBe (001) GaAs/AlGaAs npu 3anoiHeHHH
BLICOKMX YpoBHeft Jlanmay Obli o6HapyXeH HOBbIfi THI KONIEKTHBHBIX COCTOAHHUN, Ko-
Topstfl, KaK npeanoNaraeTcA, CBA38H CO CMOHTAHHBIM GOPMHPOBAHMEM BOJIHBI 3apPAA0OBOR
naoTHocTH (“nonocataA” ¢asza). B paGoTe paccmMoTpeHa HepemeHHaA NpoGleMa: KaKoBa
NPHYKMHA NMHHHUHTA N0AOC BAOAL KpUcTalIorpaduyeckoro Hanpasienns [110]? Ioka3zano,
YyTO ANA oauHoYHoro rereponepexona (001) A3Bg sdpdexTnBHas macca 2D 3neKTpoHOB
aHH30TpONHA. JTa ecTeCTBeHHAA AHW3OTPONHR cBA3aHa ¢ Ciy-CHMMeTDHell reTepouH-
Tepdefica ¥, HecMOTpA Ha cBoio ManocTb (0.1%), MoMeT onpenenATL HanpablieHHe MO-
noc. MaruuTHoe noje, napaineibHoe TPaHHLe, NPUBOAUT K “MarHUTHOR” BHHM3OTPOMHH
spdexTuBHOR Macchl. KOHKypeHUHA 3THX ABYyX THIOB 8HM30TPONHH (eCTECTBEHHOH W
MarHMTHON) KONMYECTBEHHO ONMCLIBAET SKCIEPHMEHT.

PACS: 73.20.Dx, 73.40.Hm, 71.45.Lr

1. Beegenne. Eme 1o HacTynieHuA 3noxu KBaHToBoro addgerta Xoana 6ul10 nped-
nonoxeHo [1], uro oxHOoposHaA 2D 3NeKTPOHHAaA cHCTeMa B CHIbHBIX MarHUTHBIX MOMAX,
OTBeyaloUIMX 3aN0JHeHNIO ocHOBHOro ypoBHA Jlanpay N = 0 (pakTop 3anonHeHus v < 1),
MOJKET CTaTh HEyCTONYNBOM OTHOCHTeNbHO 06pa3oBaHuA 1D BonHBI 3apAAOBOH NAOTHOCTH
C epHOOM NOPANKA MAarHUTHOM AMuHbLL. IIpHuMHA HEyCTONYNBOCTH CBA3AHA C 0GMEHHBIM
B3aMMoJeficTBHEM, NPUBOAAIMM K 3(PPeKTUBHOMY NPUTAMEHHIO MEMAY SIeKTPOHaMH.
Paccmorpenne Benock B paMkax npubaumeHnsa Xaprpu-®oka, KoTopoe nepecueHHBaeT
BeluYMHY o6MeHa U npeHefperaeT Mex3leKTPOHHLIMH Koppenaunamu. Ilocie oTKprITHA
apoGHoro kBaHTOBOro 3¢ derra Xonna crano AcHo, 4To ANA ¥ < 1 UMEHHO KOpPpPelALHOH-
Hoe B3aMMojeiicTBHe NPHBOJUT K 06pa30oBaHMIO OXHOPOLHOTO COCTOAHMA TUMNA HMULKOCTH
Jlapanna. Tem He MeHee, NpyW 3anoJHEeHMH AOCTATOYHO GONBIIOr0 KOMMYECTBA YDPOBHEH
Jlanpay ponn KoppenAuui yMeHbLWIAeTCH M MOMHO, B NPHMHUUNE, OKUAAThL NOABIEHHA
yka3aHHOR HeycToluuBocTH. B 1996 r. 6bu10 npenckasano [2] noaBaenne 1D Boaxbl 3a-
PAZOBOH IJIOTHOCTH BGJIM3M NOJOBHHHOTO 3allONHeHHA, HauuHaa ¢ N = 2 [3] yposueit
Jlanpay. C sHepreTuyecko#l TOYKH 3peHuA Takaa “monocaran” ¢asa ¢ mepHoAOM HoOpAJ-
Ka JlapMOPOBCKOT0 AMaMeTpa JoJ#Ha ObITh BhirogHee muakocTu Jlahauua U Kpucranna
Burnepa [2, 4].

Kak e ponmHa NpoABAATHLCA 3Ta (asa B TPAHCIOPTHLIX U3MEPEHMAX, €ClId OHA Bce-
TakM c6pa3yeTcA U MO Kakol-TC NpUYMHe 3anuHHMHroBana? Buaumo, Bnepsbie noaobhan
3afava OblIa pacCMOTPeHa B CeDHH CTapbix pa6oT [5—7], B KOTOphIX 6blLia BBIYMCIIEHa
aHU3OTPONHAA NPOBOAMUMOCTE [5], HCCleAOBAHBI BLICOKOYACTOTHLIE [6] U pasorpeBHble 3¢-
¢erthr (7). Ipu nanuuun nepuoguueckoro 1D norennnana U(z), cosnaBaemoro BoxHo#
3apANOBOi MIOTHOCTH, KamAblil ypoBeHb Jlanaay npeBpamaetcda B y3kyio 1D szony. Ha
Kpaax 3Toll 30HBI IJIOTHOCTbL COCTOAHMI HMMeeT CTeNeHHYIO pPacXoAUMOCTh, KOTopas of-
pe3aeTcA NpH yyeTe caaboro pacceAHNA. B pesyanTaTe NIOTHOCTb COCTOAHHMM Ha ypOBHe
®epmu S(E;) nmeer dopMy asy3yOGoft BUIKH: MMHUMYM B LeHTpPe 30HbI M [Ba NHKa MO
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KpasM 30HBI, TeM Gonee BLICOKMX, YeM MeHbIle TIIOTHOCTL paccewBaTenedl niy,. Henos-
Hoe 3aMoNHeHHe 3TOR 30HbI IPUBOAUT K 06pa30B&HHIO NMONOC, OTAHYAIOLINXCA 3HAUCHHEM V
(tuna v/(v—1)/v/...) ¥ BRITARYTHIX BLoAb ock Y. TIpoBogMMocTH nonepex (0, ) ¥ BROAL
(oyy) MONIOC ONpeNeNnAIOTCA Pa3HLIMU MeXaHH3MaMHU M 06/1aJaI0T KaueCTBEHHO Pa3In4HON
38BMCHMOCTBIO OT V: Oy, BelMKa, HMeeT 30HHbIA XaparTep ¥ 00pPaTHO NPONOPLUHOHANLHA
Nim 4 S?(Ey), a 0, Mana, HMeeT NPLIKKOBLIA XapaKTep U NPAMO NPONOPUHOHANBHE Tim
u S%(Ey), npuyeM npousBefieHHe 0,0y, He 3ABUCHT OT PaccefHuA. ITH Pe3yabTaThbi
6bITM DaKTHYECKH TOATBepAeHbl U 0606mwenbl B [8, 9]. UTo e mokasan sxkcnepuMeHT?

B 1999 r. npu u3yyeHHMH NPOBOAWMOCTH DNEKTPOHHON CHCTEMBbI CO CBEPXBBICOKOM
NOABHKHOCTBLIO B CTPYKTypax Ha ocHoee (001) GaAs/AlGaAs npu OYeHL HM3KHX TeM-
nepaTypax BOAM3M moayuenbix v > 9/2 6pino ofHapyseno [10-13] HoBoe cocTosmnwue,
KOTOpOe, KaK NpeJnoJaraeTcA, Kak pa3 M CBA3AHO C NpeACcKa3aHHbIM B [2] GOpPMHPOBaHH-
eM nojiocaTol Pasbl. ITO NpeanonoMeHHe npexje BCero OCHOBbIBAETCA Ha HAaGNIONEHUH B
TakKoil cHCTeMe FMraHTCKON aHM30TponuM conpoTusieHuda. OTHouweHHe 3HaYeHMit conpo-
THMBICHMA BAOAL KpUcTanorpaduueckux Hanpasnenuit [110] u [110] nocTuraer Beanyunbl
Rzz/Ryy ~ 5-3500 B 3aBUCHMOCTHM OT reoMeTpun obpaaua, npuyem [110] AsaseTcA Ha-
npaBienueM “nerxoft” npopoaumocti. Kpome Toro, noBefienne Bcex KOMNOHEHT TEH30pa
NpOBOJMMOCTH KayecTBeHHO coriaacyercs ¢ Teopueit [5, 8, 9). IlpeackasanHoe noeenense
BeJUYHHDI 0770y, BONU3Y NONOBUHHOrO 3aNONHEHWA BepxHero yposus Jaufay konnuect-
BEHHO corjacyercs ¢ axcnepuMenToM [14]. Beulo Taxie nokasano [12, 13], uro maruuTHoe
none By ~ 1Tx, napannensHoe nnockocty rerepountepdeiica, MOXET U3MEHUTL HaNpas-
neHue derkoft mpoBoaMmocTH. B paGore (12] 6bln choenaH BBIBOA, YTO NPH HOCTATOYHO
Gonsmux By nanpaBneHue nerkofl NPOBOAMMOCTH MEPNeHAUKYNAPHO HanpaBrenuio Bj.
AnanoruuHblit pesyapTaT 6pin nonyuex B pabore [13] nna By||[110] B6ausu Bcex nomy-
uennix v > 9/2, a taxme ana Byl|[110] s6ausu v = 11/2 u v = 15/2. Teopernyeckoe
paccmoTpeHKe BaMAHMA B, nposenenHoe [15, 16] B npuGnumenun Xaprpu-®ora B moze-
&y napa6oanyeckod KBAHTOBOM AMBI, O3BONUAO OGBACHUTL YacTh pedyanTaTos. Bee 3To
ABJIAETCA CUILHBIM apIYMEHTOM B Nolb3y GOpMHPOBaHHA NojlocaTolt dhassl. OgHaKo npo-
HCXOMAeHNe MeXaHH3Ma, BRIHYMJAIOIEro MoJoChl INIOTHOCTH 38PAJA OPUEHTUPOBATLCA
B MaKpOCKONMHYecKoM ofpa3lle CTPOTo BJOJb ONpefeNeHHOr0 HanpaBleHHA (OpHEHTaumH-
OHHbI! NMHHHUHT), TPH By = 0 go cux nop 6bl10 HEACHBIM. JTO OfHA M3 OCHOBHBIX
HepelleHHBIX npobieM.

B nanuoit pabote oGocHoBbIBaeTCA mpenmonoxenne Kpamepa (17] o ToM, uTo nonu-
menHaA cuMMeTpua (Ca,) NOTeHUMANa reTepOCTPYKTYpHl Ha OCHOBE MOMYNPOBOAHHKOB
6e3 UEHTPa MHBEPCHH MOKeT NPHUBOANTEL K MOABIEHHIO BLIAENEHHOIO HANpPABNEHUA MJIA
nposogumocTH. IloHumenne cnMMeTpUM O3HAaYaeT, YTO Ky6UuecKagd ock, HOPMAalbHaf
K MHTepdeficy, npeBpallaeTCA U3 3epKalbHO-NOBOPOTHOM OCH YeTBepTOro nopaagka (Sy)
B ock Broporo nopaaka (Cz). Huske MbI nokaem, YTo M3-3a ACHMMETPHH NOTeHLMana
aTOMapHO pe3Koro reteponepexona 3ddgexTuBHan macca (3M) 2D anekTpoHOB ABIAETCA
8HH30TponHON (ecTecTBeHHas aHU30TpONMA). B To e Bpems, HanrMume B, kak usBecTHO
[18], Tome mpuBoaMT K anusorponuu IM (MmarHuTHanm anusorponus). Iloatomy pesynn-
TATbl MHOTOYACTHYHBIX YMC/IEHHBIX pacyeToB BAMAHHA B| Ha opueHTauuio monocaro#t
da3br [15, 16] ecTecTBeHHO TpakTOBaTh (B HUAKHEM NOPAAKE TIO Bﬁ) KaK NpoABAEHHE Mar-
HUTHOR aHu3oTponuyn M. Takum o6pa3oM, MHOrouaCTHYHaA 3aaqa 06 OPHeH TaLHOHHOM
NMUHHHHTe nolocaTol $assl CBOAUTCA K OHOYACTHYHOM 3ajaue onpeae]eHHA AHU3OTPONTHH
I9M. Huze OynyT BbIBelleHb! AHATHTHYECKHE BbIpaeHUA AJIA 0GOMX THIOB AHW3OTPONHH
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M (ecTecTBeHHOH W MArHMTHOH) M NOKA38HO, YTO OHH MOIYT KOHKYPMPOBAThL APYT C
gpyroM. Ilpu onpeneneHHbIX BelWuMHe U HanpasBieHHH B) 3T ABa THNa aHH30TpONMHM B
TOYHOCTH KOMIIEHCHPYIOT APYT ApYra, MPUMBOAA B COrJacHU ¢ 3KCHEpHMEHTOM K Hcues-
HOBEHMIO 8HHU30TPONIMH CONPOTHBIEHHA.

2. EcTecTBeHHaa aHu3oTponudA. epey paccMoTpeHHeM MHOTOYACTHYHON 3a1a4yH
Heo6XOAMMO CHauaaa MOCTPOMTHL OAHOYACTHUYHBIN FaAMHIBTOHHER A/A 30HBI [IPOBOXMMOC-
T B (001) III-V rerepocTpykType. B [19] 6bin0 nokasano, 4To KOPPEKTHO NMOCTpPOEHHAA
MHOT'O30HHAA CHCTeMa ypaBHeHHH anA orubapomux GyHKRUUA coxpaHAeT MHPOpMaLHIO O
cuMMmeTpun retepocTpyKkTypsl (Cay), KoTOpas HMZe, YeM CMMMETDHA COCTaBAAIOUIUX
cTpYKTypy MaTepuanos (Ty). 3To moHMMeHHe CHMMETPHH ONMMCHIBAETCA, B YACTHOCTH,
onpefieleHHOro BUJa KOPOTKOAEHCTBYIOIWMMH NOTEHUHANaMH, TOKATH30BAHHBIMM Ha re-
TeponHTepdeiice. CyllecTBoBaHHE CMEIINBaHHA TAMKENLIX H JerKHX ObIPOK B leHTpe 2D
3oHbl BpuamioaHa sAIBAAETCA OAHMM M3 CIEACTBUH NMOHMKEHUA cHMMeTpuy [19, 20]. dTo0
cMelMBaHKe 00BACHAET OGHAPYKEHHYIO B [21] FHraHTCKYIO ONTHYeCKYIO 8HH30TPOMHUIO
(c Temn me raaBHbiMM ocAmu [110] u [110]) B KBaHTOBBIX AMax Ha OCHOBe MOJdYNpO-
BOAHHMKOB C Pa3AM4YHLIMH KaTHOHAMH M aHHOHaMM. OueBHUAHO, YTO HHU3KaA CHMMETPHA
JOMHa NPOABHTLCA TBK»E H B YpPaBHeHMHM AnA orubaomux ¢yHKUM#E B 30He NpPoBOAH-
MocTH. TeM He MeHee, noaydeHHoe B paGoTe [19] oaHO30HHOE ypaBHEHMe HE CONEPMMT
uHdopmanuy o Cz,-CHMMETDUH H3-38 TOT'0, YTO COOTBETCTBYIOUMMH MalbIMH BKIafAaMH
npeHe6peraiocb. Tenepb Mbl fonxHbI HX paccMoTpeTh. IlockonbKky Hac 3aech He 6yayT
HHTEePecoBaTh YJIEHbl C CHMMeTpHeil, 6olee Bbicoko#, ueM Cs,, 3 PeKTUBHBIA raMHib-
TOHHAH MOMeT COJepKaTh JKUIbL ONepaTopbl KHHETHYECKOR M NOTEeHUHaNbHO! 3HepruH,
HCHoNb3yeMble B CTaHAAPTHOM npuGnuxennn M, a Taxske aHM3OTPONMHBIA BKiaj, UMe-
omu#t Ca,-CHMMETPHIO, KOTOPLIA U OyAeT HalldeH HUMKe.

Ilonyuynrs BUA OQHO30HHOTO raMHILTOHNAHA, UMelolero Cz,-CHMMETPHIO, MOMHO Me-
TofoM MHBapuHaHTOB. OcTaBifA B CTOpOHE CIMH-OpOUTaNbHOE B3aMMOAeHCTBHE, MOMHO
chenaTh BbIBOJ, 4TO cMMMeTpua C,, HONMHA NPOABMTHCA B ONEPATOPE KHHETHYecKOH
axepruu. HanpaBum KomnonenTsl 2D KBasuummnynbca BAONL KyOHMueckHux oceil: p,||[100]
u py||[010]. Toraa yacTs onepaTopa KMHETHYECKON 3HEpPrHM, KBAAPATHYHAA N0 0606IIeH-
Homy 2D umnynncy (P, , P,), nonxHa uMeTb BHX

2 2

T= P%,Py + %A(P,Py +P,P,). (1)
3aeck m* — DM 30HBI MPOBOAMMOCTH, & BeauyHHa A (KOTOpafd MOMeT 3aBMCeTh OT z)
onpeenseT ecTeCTBeHHyo anu3oTponuio AM B mnockocTn 2D anekTpoHHoro rasa. Ilony-
YMM ABHOE BhIpateHue AiA A, HCIOIb3yA BblBeJeHHBbIN B [19] MHOrO30HHBIA MaTPHUHBINA
raMMiIbTOHHEH, AeHCTBYIOWHIA Ha cTonGey orubaomux pyHkuuit. B k-npeacrasnenuu ox
HMeeT BUJ
1

k
HylD = B3P + —

DOnn” (2)
rae n ¥ n' — uHAekcol 30H. IlepBoe cnaraemoe B (2) colepKHT BKIaAbl OT MAABHBIX
NOTEeHIIHaJI0OB H kp-BaaHMOIIEﬁCTBHH; OHO MMeeT CTaHLApTHBIA BHA. B'ropoe cjlaraemMoe
B (2) omucbiBaeT BKJAA aTOMapHO Pe3KOro reTepoMHTepdelCHOro NMoTeHUNAaNa B NEPBOM
NOpAAKE N0 MajloMy napameTpy ka, rae 1/k — TMNMYHAA ANMHA W3MEHEHWA OrHGAIOMIMX
(hyHRuMiA, a — noctoAnHad pemeTku. IlepeATH K OAHO30HHOMY BapMaHTy MeToAa oruba-
omuxX QyHKUMA MOKHO, MCHIONB3YA TEOPHIO BO3MYIIeHHUH no oneparopam kp u Dy. Bo
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BTOPOM TOPAZKe N0 Kp-B3aUMOAEHCTBHIO NOAYYHUM MepBoe (CTaHAAPTHOE) claraeMoe B
(1). B rtperbem mopaake (BTopoii mopafok no kp u nepseift no Dy) noxyunm BTOpOE
caaraemoe B (1), npuuem A(z) = ad(z) n

12{c| pz | 1) Donn (n' | Py | ¢) +4Docn (n | pz | n') (n' | py | c)
- (3
* Z m(2) (€c — €n) (€c — €n') 3)

n,n’
3necy §(z) ectb d-pynxuua lupara, z = 0 onpefenseT NojaoMmeHue reTepouHTepdeiica,
(n|pi|n') ecTh i-KoMNOHEHTa MeK30HHOIO MATPHYHOrO 3JIEMEHTA MMIYIILCA, ¢ — HHAEKC
30HBI NPOBOAMMOCTH, g — Macca CBOGOAHOro 3JeKTPOHA, U €, — SHEPrUA Kpas 30HLI N
B OJHOM M3 MaTepHaloB CTPYKTYpbl. BhipaseHHe NIA KIIOYEBLIX MAPAMETPOB TEOPHH
Donyn B npocTelimielt MoJenn UMeET BUA

Dopn = Z (n | 0Usin(4mjz/a) | n') / dG(z cos (4:1[],2) ds. @)

j=41,42,... 4nj/a

DOyuxuun G(z) 1 6U (r) onpeneneHst Tak, YTO KPUCTALTHYECKUH IOTEHIMAN FeTepPOCTPY K-
typst umeer Bua U(r) = Ui(r) + G(2)8U(r), rae Uy u Uy = Uy + 6U aBnsoTca Kpuc-
TAMINYECKHMH NOTEHLMaNaMi ABYyX MaTepHaloB CTPYKTYpPhl. 3aMeTHM, YTO IapaMeTp
Doxy onpenenseT cMelyBanMe TAMENBIX M erKUX ABIPOK B neHTpe 2D 30nb1 Bpuamosua,
npuueM X U Y — uHAeKCHI G10XOBCKMX (QYHKLHI KpasA BaleHTHOR 30HBI I'15, npeoGpaay-
IOWHUXCA KaK T ¥ Yy NpHU onepauuax cumMerpuu rpynnst Ty [19, 20].

3. Yuer “maruuTHO#” asu3oTponuH. Ecau npusectu Tensop o6paTHoit apdek-
THBHOH Macchl K IiaBHBIM OCAM, TaK YTO B HOBhIX KoopauHaTax z||[110] u y|[110], u Ha-
JOMHTb MAarHUTHoe none B B kaau6poBke BekTOp-noTenuuana A = (By,z, —B,z+ B,z,0),
To opbuTanbraa yacte 3D raMuIbTOHHAHA LA 30HBI MPOBOAUMOCTH NPHUMET BHJ

Hsp = 2p= +V(z)+ = (nt' (z)) (p, + E‘;B,,z)2
+% (T; (z)> (o - SBozt ngz)z. (5)

3neck V(z) 3anaeT adpeKTHBHBINA NOTEHUHAN KPaA 30HLI IPOBOAHMOCTH, € — aneMeHTap-
HbI#t 38pAR, ¢ — ckopocThk cBeTa. Ilpn yyere koneuHo#t Tommuub 2D cnos KOMNOHEHTY
MarHuTHOTrO NOJA, NapalelbHyIo reTepounTepdeiicy, Mo#HO paccMaTPUBATh 0 TEOPHH
Boamywenuit {18]. Bo BTopom nopaaxe mo By ara npouenypa NpUBOAMT K NMOABNEHHIO
AMaMarHUTHOrO CABMra MOA30H PAa3MEPHOr0 KBAHTOBAHMA M K YBeIUYeHHMIO (ANA HHMKHeH
nojg3oHbl) 3M B HanpaBleHuu, NepneHAMKYJIAPHOM B|. EcrecTBenHyio anusoTponuio
9M TaKHe MOMKHO PacCMOTPeTh N0 TEOPHH BoaMyweHuH. JIA MpocTOTHI MbI MONOKHUM,
uto B nmapanaenvno anbo [110], nu6o [110], Tax uto B,B, = 0. Bkmouaa Bce unenst
BTOpOro NMopAjka MalocT# no Bj u nepsoro no a, ANA HuxHeR noa3oHsl noayuynm 2D
raMniIbTOHHAH

2
Hip = Ei+ g (BI+B]) ((s%),, - (%) +

1 Anat € 2
+2m‘ (1 ) B” Aa) (Pz + EB" (z)u) +

1 Anat € e 2
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IlapameTpel ecTecTBeHHo#! anusoTponuy IM u anusorponun M, HHAYuUHpOBaHHOH Mar-
HUTHBIM [0JIeM, UMEIOT BHJ

2¢? B} z
Anat = 2m*a (6(2))11 ’ = m* C2” E | >1. El (7)

3neck E,, — 3Heprua gHa m-Toit nogsonsl npu B = 0. Bripamenne ana Ag B (7) cnpa-
BEJAMBO C TOYHOCTLIO [0 YIEHOB BTOPOro nopAfka mo napametpy hw./(E; — E;), rae
we = eB,/m*c. B none B, = 2.5Tx (B skcnepuMeHTe [13] 3TOMY NOMIO COOTBETCTBYET
¢arTop 3anonHenua v = 9/2) ana oueHKH Ap MbI MOKeM NpeHeGpeub TAKOH IONpPaBKOIA:
hw, ~ 4M3B, a mear E; — E; nonmua 6bITh Gonbine 3Hepruu Pepmu By, oTcuuTaHHOM
OT HMKHel NMof3oHsl; npyu Kounentpauuu 2D anektponoB N, = 2.7-10'! cM~2 mbI uMeem
E; ~ 10Mm3B.

4. Onenkun. OcHoBbIBafACh Ha OAHHBIX 3KcnepuMeHTa [13], npoBeseM OLEHKY Ap,;
u Ap npu B = 0.5 Ta (Takoe MaruutHoe noxe npu B ||[110] npespamaeT conpoTusne-
HHe M3 aHH3OTPONHOro B M3OTPONHOE; MpH GONbUIMX 3HAYeHMAX By HanpasieHue “ner-
Kolt” npoBoauMocTH noBopauyuBaercA Ha 90°). Hs-3a oTcyTcTBHA nonHol MH(opMauMy
06 o6pasnax MbI IPOBENY CEPUIO CAMOCOTIIACOBAHHBIX PACYETOB, BAPbUPYH KOHUEHTPALMIO
ocTaTo4yHbIX akuentopoB N, B GaAs. Pesynntatst npu N, = 10" cm~3 npu 3nauenun
N,, B3aTom u3 [13], TaKoBb!:

Z : (z)— Elt ~1-107"em?/3B,  (8(2))n = 1-10°em™, (8)

Ilna apyrux snavenuit N, (ot 103 cm~3 g0 10'® cm~3) pesyanTaThl pacyeToB oTIMYAIOTCA
oT (8) He Gonee uem B 2 pa3a. H3 (7) u (8) crenyet snauenue aHu3oTponun M, BbI3BaHHOH
mMarHuTHeIM noaem By = 0.5 Ta:

Ap =1.3.1072 = 0.13%. (9)
H3 paBeHcTBa Anq: = Ap MOHO Tenepb K3BIeUb 3HaueHUe NapaMeTpa a:
.10-8
= O—W =1.1-10*cm/r. (10)

Ouenum Bhipaenue (3) B ABY30HHOM NMPUGIMKEHHMH C SHepreTHueckodt menbio Eg:

L 2(c|p | X) Doxy (Y |py|c) _ _ Doxy (1)
o mE,’

Taxum o6pa3oM, N3 3KCAepUMeHTaNbHbIX AaHHbIX [13] ¢ yuerom (10) u (11) cnegyer, uTo
Doxy ~ 0.4-10783B. cm. CpaBHMM 3TO0 3HAYEHHE C TeM, YTO M3BECTHO U3 JTUTEPaTYpHI.

B paGore [20] Gblno HalifeHo, 4To AnA retepocTpykTyp GaAs/AlAs pasnuunsle onen-
KM, OCHOBaHHble KaKk Ha pacueTax MeToJaMM NCEBIONOTEHLMAna X CUALHONA CBA3M, Tak
H Ha CPaBHEHMK C BKCIEPHMEHTOM IO AaHM30TPONHOMY OOMEHHOMY paclleNNieHHIO SKCH-
TOHHbIX ypoBHefl B cBepxpeweTkax II-ro Tuna GaAs/AlAs, paloT sameTHbIt pa3Gpoc
B 3HayeHuH napametpa Doxy. IoayuenHoe B [20] 3HaueHMe HaxomuTCA B Npeaenax
[0.35, 0.99] - 10~83Bcm. Ecam ucnonnaosaTh AMHEHHYIO MHTEPNONALMIO, TO B reTepo-
crpykrype GaAs/Alg 3Gag7As Mbl umeem ouenky ceepxy: Doxy = 0.3 107%aBcm.
JTo 3HA&YEHME HEIUIOXO COracyeTCA ¢ [0Jy4YeHHLIM HaMH BbllIe.
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5. 06cympaenne. Temepn MoMHO cAenaThb BBIBOJ O TOM, YTO eCTeCTBEeHHaA aHHM30-
tponua AM, noxose, ¥ eCTb TOT caMblif MEXAHH3M, THHHUHIYIOMMHA HanpapleHue Noaoc
npu B = 0, cm. Tarme KoHey pasgera 1. Otcioa ciefyeT 3HaueHue 3HaKa nmapamer-
pa, ¢purypupytomero B (1): a < 0. KoHkypeHUHA ecTeCTBEHHOM AHMIOTPOUHH Ang H
MarHUTHOM aHu3oTponuu Ap, MHAynupoBaHHo# monem By = (0, B,), npuBoguT npH
By = 0.5Ta k usorponusaunu 2D 31eKTPOHHOro CHEKTPa. B peayabTaTe HanpabieHue
NONOC CTAHOBHTCA XB0THUYECKHM, & COMPOTHBIAeHHe U30TponubIM. Ilpu ganbueiimem yBe-
audeHuu Bj NOMUHUpYeT MAarHWTHAA @HWU3OTPONMA W MOJOCH NoBopauuBaoTeA Ha 90°.
3nauenne anuaorponuu IM AnA POpMHUPOBAHUA MHOTONIEKTPOHHBIX aHU3OTPONHBIX CO-
CTOAHMI MOMHO MOHATH CleLyIOmKM o6pasoM. OueBuano, uto 2D anerTpouHas cucTema
¢ aHu3oTponHo# M M M30TPONHLIM KYTOHOBCKMM B3aHMonelicTBHeM sKBuBaleHTHa 2D
3NEKTPOHHON CHCTeMe ¢ M30TPONHON (UMKIOTPOHHOM) Maccoll M aHM30TPONHBIM KYJIOHOB-
CKKM B3auMogelcTBHeM. MOKHO OKHAATb, YTO MMEHHO 3TO 3 (PEeKTHBHO aHM30TpPONHOE
B3auMojelicTBHe, IMHHUHIYA OPMEHTALHMIO MoJocaToil ¢(a3bl, HO3BONAET OGHADYHHMBATH
€e B MarHeToTpaHCIOpTe. :

Hna nvipor rerepouHTepdelicublit BRIax, MMelowuil cummerpHio Cay (M, MO3TOMY,
NMHHUHTYIOWUH nonocaTtyio da3y), 6onbie, 4eM I 30HbI IPOBOJAMMOCTH: OH NOABNAET-
cA B IEPBOM NOpAAKe TeOPHH Bo3MylueHu# [19], Toraa kak aHusorponuasa 3M B (1) G6eiia
noiyueHa B TpeTheM NopAgke. MoMKHO N03TOMY OMHAATH, YTO ALIPOYHAA NoiccaTas da-
3a Gonee ycToiuupa M MokeT (GOPMHDPOBaTLCA NPH 3aN0IHEHMM Gollee HU3KMX ypOBHe
JNangay, cp. ¢ [22].

ApTtops! 6narogapusr B.U.IIIk10BCKOMY 38 CTHMYIHPYIOILYIO AUCKYCCHIO U Mojie3HOe
3aMeuanue. Pafora Gblla noanepxana Poccuitckum ¢QoHOOM pyHAaMeHTaNbLHBIX UCCIENO0-
Bauuit (99-02-17592), HHTAC (97-11475), ®enepansusiMu nporpamMmamu “@uauka TBep-
HOTeNAbHBIX HAHOCTPYKTYP” (99-1124) n “IloBepxHocTHbIe aTOMHbIe CTPYKTYpbI” (3.1.99).
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