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VICC]'IeAOBaHbI ycnosunsa Ha6mop,eH|/|9| KOMMNEHCaUunnm 3€eMaHOBCKOro CnNMHOBOro pacuwensieHnss B 3KCUTOHHOM 60—
3e-rase. /lsywanace marHutoniomuHecueHuns B reometpun Papages npocTpaHCTBEHHO-HENPSMbIX, ANNONSP-
HbIX 3KCUTOHOB B KBaHTOBOI saMe GaAs/AlGaAs wnpnHoi 25 HM NpM HaKaNANBaHNN UX B JIATEPasbHON d/1eK-
TpocTaTnyeckoii fioywke. OBHApY>KEHO, HTO BEMMHMHA KPUTUHECKOrO MArHUTHOrO nonsi B., HUXXe KOTOpOii
B LEHTPE NIOBYLIKM CMMHOBOE (MapamMarHUTHOe) paclyernsieHne JMHUA JTIOMUHECLEHL N SKCUTOHA HA TSHKenoi
AblpKE NPaKTUYeCKM MOMHOCTHIO CKOMMEHCUPOBAHO N3-3a OBMEHHOro B3anMOAelcTBus B nNaoTHOM bose-rase,
JINHENHO pacTeT C 3KCMTOHHON KOHLUEHTpaLueli B Ka4eCTBEHHOM COrflacuu ¢ Teopueii. Vicnonb3oBaHne noTeHun-
anbHON NOBYLUKN NPUHLMMNMANBHO BaXKHO. Be3 Hee B ogHOpoaHOM nsiTHe hOTOBO3OYKAEHUSA ANA AUNONAPHbLIX
3KCUTOHOB HabNOAaeTCss HEMonHas KOMMEHCALNA: BEANYMHA PacluensieHns CyLeCTBEHHO MeHblue, 4em Ans
MPOCTPaHCTBEHHO-NPSMOro 3KCUTOHA, HO 3aMETHO OT/INHAETCSA OT HynsA. DpdEKT KOMNeHcaLuy CNMHOBOrO pac-
wensieHnst HaboaaeTcs TONbKO B YCIOBUSAX HEATPasbHOrO 3apsfoBoro banaHca — B 3apsiXKEHHON KBaHTOBOI
sAAME NoAaBneHne 3eeMaHOBCKOrO pacluenieHnsi OTCyTCTBYET.
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1. BBEJAEHUE

HenaBuo mamu ObL10 obuapyzkeno [l1], 4ro npu
HAKAIUTUBAHUU — JBYMEDHBIX  MPOCTPAHCTBEHHO-HE-
OPSMBIX  JIUTOMSAPHBIX  KCUTOHOB (KBAHTOBAS —sIMa,
GaAs/AlGaAs mmpuHOi 25 HM) B TOTEHIMAILHON
noBymke BOMM3W orBepctus B 3arBope IlorTknm
HaOII0AaeTC  KOMITEHCAINST 3eeMaHOBCKOTO DACIIern-
JICHWSI B MAUHUTHBIX MOJISIX HUKE KPUTUYIECKOTO
nonsg B. = 2 Tn. Dddexrr nomaBienusi CIUHOBOTO
pacIenyienust ObIT TPeACKAa3aH TEOPETUHIeCKN ISt
TEPMOTNHAMUTIECKN DPABHOBECHOTO 003e-KOHIeHcaTa
JIBYMEPHBIX SKCHTOHHBIX MOISIPATOHOB B ONTUYECKOM
MHUKDODE30HATODE IIpU HyJeBOil rTemmeparype [2].
Januptii 3 dexT CBsI3aH €O COUHOPHON NpPUPOHOi
BHYTPUPE30HATOPHBIX moaapuToHoB. OHu 0071872107
cnimaom S = 1 ¢ JAByMs pa3pelleHHbIMEH 3HAYEHU-
SIMM  TIDOEKIINYM  CTIMHA Ha HANPABJIEHWe OCH DPOCTA
CcTpykTyphl, S, = =41, YTO COOTBETCTBYET IBYM
MPOTUBOMOMOKHBIM — HANPABICHUSAM  [UPKYIAPHOM
nonsapusamn, o+. IIpeamosaraercs, 9To OOMEHHOE
B3aMMOEHCTBIE B CTUHOPHOM 003€e-KOHIeHcaTe yCTPO-

*E-mail: gorbunov@issp.ac.ru

€HO TakK, 4TO HAIPABJIEHHBIE B OJHY U Ty YK€ CTOPOHY
nmapaJulebHbIe CIUHBI OTTAJKMUBAIOTCS, a AHTHMADAJ-
JIeJIbHBIE — TIPUTATHBAIOTCS, JINOO OTTAJKUBAIOTCS,
Ho cmabee. B pesymnbrare, B OTCYyTCTBHE MATHHUTHOTO
[OJTsi SHEPreTUYECKH BBINOJHON SIBIISIETCST CUTYAITUS,
KOTJIa, KOJUYECTBO CIUHOB € Mpoekuusamu S, = +1 u
S. = —1 omuHAKOBO. DTO COOTBETCTBYET JIMHEHHOI
MOJIAPU3AIMKA  UCIIYCKAEMOTO CBETa, JIIOMUHECIICHITUHN.
Pe3koe Bo3pacTanue cTemeHn JTUHEHHOW MOJIAPU3AIIAN
JIeHCTBATEIHHO HAOIIONAETCS IKCIEPUMEHTAILHO TPU
MPEBBIIIEHUH TTOPOTa, HO36-KOHIEHCAIIH 10 KOHIIEHTPA~
mn gacrun (cm., Hampumep, [3]). Ouermmgno, uTo B
JIOCTATOYHO CUJILHOM TEPIeHIUKYIAPHOM MarHUTHOM
nosie (reomerpus Papasesi) Bce CiuHbL Yy T OPUEHTH-
POBAHBI MO TMOJIO W 3aTOTHAT HUKHUIT 3€eMaHOBCKUI
noaypoBedn. OIHAKO B MAJIBIX MATHUTHBIX TTOJISIX, KAK
nokazaso B pabore [2]|, cununoBoe pacuierienue (3d-
dbexr 3eemana) HaOMOAATHCA HE JOJZKHO, ITOCKOJILKY
«KPACHBIH CABUT» — MOHUYKEHWE YHEPTUHU 33 CUET 3aCe-
JIEHUST HUZKHErO CIIMHOBOTO MOJyPOBHSI — B TOYHOCTH
KOMIIEHCUDYETCsSl «CHHUM CJIBUTOM» —
SHEPIUU 33 CYET B3AMMHOTO OTTAJKUBAHWUS MEXKIY
3AMOJIHSIOMINMU HUKHUN TTOIYPOBEHE TAPAJIJICTHHBIMY

IIOBBIINICHUEM

cnnnamn. KoMImeHcarmst UMeeT MeCTO, TMOKa BeTHINHA,
MAarHUTHOTO OIS He TPEBLICHT KPUTHUIECKOe 3HAUEHNE
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B. = 2nU;/gup, rae n — KOHUEHTDALUs YacCTHUl,
g — g-daxrop, up — marmeron Bopa, a Uy — ¢e-
HOMEHOJIOTUYIECKUN  KOI(P(DUIINEHT,  OMMCHIBAIONIIAI
JMUHEHHO-TINPKY ISIPHBIN IUXPONU3M 003e-KOHIeHCATa, U
MTPOTIOPIIMOHAILHBIN  PA3HOCTH KOIDDUIMEHTOB B3a-
UMOEHCTBUST MapaIEIbHBIX U aHTUMAPAJIIETHHBIX
counos [2]. B auanazone 0 < B < B, noagpusaius
SIANITUYECKAsT U ¢ POCTOM TOJIsT MOCTENEHHO TPUOITH-
JKaeTCs K Kpyrowoii. B obmactu B > B, monspu3aiusi
YUCTO KPYyroBas U HAOIIOJAETCS 36eMAHOBCKOE Dac-
nierienue, nponopuuonasbuoe (B — Be).

Hecmorpst Ha TO 9TO crcTeMa SKCHTOHHDBIX MOJIs-
PUTOHOB B ONTHYECKOM MHKDPOPE30HATODE € OYEBHU]I-
HOCTBIO HE SABJISIETCS PABHOBECHOH (THIMYHOE BpEMS
JKU3HU BHYTPUPE30HATOPHOTO TOJIAPUTOHA COCTABIIS-
€T eJMHUIIbI MUKOCEKYH/T), ABJICHUE KOMIEHCALMU CIIH-
HOBOTO PACIIETIEHUsT ObITIO OOHAPYZKEHO IKCITEPUMEH-
TanbHO [4] 1 KOHmeHcaTa SKCUTOHHBIX MOISIPUTOHOB
B GaAs-MUKPOPE30HATOPE B YCIOBUIX KBA3ZUCTAIMO-
HApHOTO HEpPe30HAHCHOrO (POTOBO3OYIKIEHUS B 00Ia-
cru marHuTHbIX mojseit B < 1.7 Tm. 3eemanoBCcKOe
pacImenenne OTCyTCTBOBAIO ¢ TOYHOCTHIO +£5 MKIB
U JeWCTBUTENHHO HAGTIONATACH STUTHIITHICCKAS OIS~
puzanus. Ograko BLIOTH 10 3 T 3HAK MUPKYISAPHO
MOSIAPU3AIMY OBLT OTPUIATETBHBIM, T. €. KOHJIEHCAIWS
OPOUCXOJNTIA HEe HA HUZKHUNA, & HA BEPXHUNA 3eeMaHOB-
CKUil MOIYPOBEHB B MOATBEPIKICHUE HEPABHOBECHOCTH
JAHHOH cucTeMbl. B Takoil CHUTyaluu TPUMEHHMOCTD
pPaBHOBECHOIT MoJenu [2] BbI3bIBAET CEPbE3HbIE COMHE-
HUS.

[Momasnenne 36eMaHOBCKOTO PACIIEILICHUS JI7Ts] BHY-
TPUPE3OHATOPHBIX TOJISIPUTOHOB YIAJIOCH HADIIOZATH
TaK’Ke B YCIOBUIX PE30HAHCHOTO (POTOBO3OYIKIEHUS
(pexKUM  ONTHYECKOrO MAapAMETPUYECKOr0 [eHePaTo-
pa) — B 3aBEIOMO HEPABHOBECHOM TOJISIPUTOHHOM
Kouzercare [5]. Ho mjist omucannst TAHHOTO SIBJIEHUS
aBTOPAM MPHUIILIOCH PA3BUTH COBEPIIEHHO WHYIO (hu-
3UYECKYIO MOJEIh, MPEeANONaraionyio CyIeCcTROBAHNE
OJITHOBPEMEHHO NIBYX HEPABHOBECHBIX KOHIEHCATOB C
MPOTUBOIMOMOKHBIM HAMPABICHUEM TUPKYISAPHON M0-
JIIPU3AIWK, KOPEPEHTHO CBA3AHHBIX 33 CIET MPOIECCOB
MTOJISIPUTOH-TIOJITPUTOHHOTO PACCESTHUST C TIEPEBOPOTOM
CIMHA.

TTo3nmee OBIIO TPEITOKEHO OOBLICHEHWE IKCTIEPH-
MEHTOB € HEPABHOBECHBIM TIOJISIPUTOHHBIM KOHIEHCA-
TOM [4] ¢ MOMOIIBI0 MEXaHU3Ma ONTUYECKOrO OPUEHTH-
POBAHMST CITUHOB TIOJISIPUTOHOB B MarHUTHOM Toje [6].
[Tpu 5ToM, KpOMe TPUITOKEHHOTO BHEIITHErO MO, Yau-
THIBAJIOCH &) BHYTPEHHEe IOJIe, BO3SHUKAIOIIee 34 CUeT
AHW30TPOTIMH SJIEKTPOH-TIIPOTHOTO OOMEHHOTO B3aUMO-
JeicTBUA U MPUBOAAIIee K UCXOAHON TMHEHHONH MOoIApU-
zanun, u 6) 3pGEeKTUBHOE BHYTPEHHEE MOTIe, CBA3ZAHHOE

¢ MEKIKCUTOHHBIM OOMEHHBIM B3auMmomeiicteuem. I1pe-
[IeCCHsT TIOJSIPUTOHHBIX CITUHOB BOKDPYT HAPABJICHUS
CYMMapHOTO MAarHUTHOTO TIOJISA TIPUBOAUT K WX OTTHYIE-
CKOMY OPUEHTHPOBAHWIO BIIOJIb STOTO HANpaBiIeHus. B
pe3yabTaTe 3aBUCUMOCTH JIMHEHHON 1 MUPKYJIAPHON MO-
JIPU3AINN, a TaKyKe 3eeMAHOBCKOTO PACHIETIEHUsT OT
BHEIITHEN0 MATHUTHOTO TIOJIST OKA3BIBAIOTCS KAYECTBEH-
HO OJIM3KUMU C [OJTy9eHHbIMU B pabore [4].

B GaAs uusmuil o SHEpruu 3KCUTOH Ha TAKETON
neipke (hh-exciton) B OTAMYME OT SKCUTOHHOTO TMOJIS-
DUTOHA HE SABJSETCS CIIUHOPOM: KPOME ONTHYECKU aK-
tuBHOro «cersioro» (bright) skcurona ¢ npoexuusivMu
cmaa S, = =£1, mMeercd He CBA3AHHBIN CO CBETOM
«remublit> (dark) sxcuron, mns koroporo S, = 2.
CorslacHO HEKOTODBIM TEOPETHYECKMM pacderaM (CM.,
HaTpuMep, [7]) SHepTHsT OCHOBHOTO COCTOSTHNST TEMHOTO
9KCUTOHA JTOJIZKHA OBITH HECKOIHKO MEHbIITe, 9€M Y CBeT-
JIOTO, TOATOMY TPU MOHUZKEHWU TEMIEPATYPBI B Hep-
BYIO OYepeIh JTOYKHBI KOHIEHCHPOBATHCS NMEHHO TeM-
HbIe SKCUTOHBI. CBOHCTBA 4-KOMTIOHEHTHOTO SKCHUTOH-
HOTO DO3e-KOHJeHCaTa B MArHUTHOM IOJIe ObLIU HeJaB-
HO IPOAHAJIM3UPOBAHBI TeOpeTUYeCKH B padore [8], rie
mpeacKka3aHa, B YaCTHOCTH, BO3MOYKHOCTD (DA30BHIX TIe-
DPEXO/IOB B MAPHUTHOM IOJIE MEXKJIy COCTOSHUSIMU KOH-
JIEHCATA ¢ PA3HBIM KOJTUYIECTBOM KOMIIOHEHTOB. Takumm
06pa3oM, @ priori MOYKHO OBLIO OKUIATH, YTO MOy IeH-
HOe B 9KCIEPUMEHTe MOBeIeHIe B MATHUTHOM TT0JIe CTTH-
HOBOH TOMAPU3AINN SKCUTOHHOTO KOHJEHcAaTa Oyjer
6osee CIOKHBIM, deM JJIsT SKCHTOHHDBIX MOISTPUTOHOB.
[TosTomy sKCepuMeHTAIBHOE OOHApYIKeHue 3hdexrTa
KOMITEHCAIIMH 3€eMAHOBCKOTO PACIIEILICHUST [Tt JIUTIO-
JIAPHBIX SKCUTOHOB B pabore [1] okazanoch mocrarou-
HO HEOKWIAHHBIM cOObITHeM. ClieyeT OTMEeTHTD, UTO,
HECMOTDsI HA TOpa3juo Oosbliee BpeMs Ku3Hu (OKOJIO
1 Hc), uccienyemasi cucrema JUIONSPHBIX YKCUTOHOB
TaK’Ke OKa3asaach JIaleKka OT PABHOBECHS TTO CTMHOBBIM
CTEemeHsIM CBOOOMBI: KaK M IJIsT SKCUTOHHBIX TOJIAPU-
TOHOB [4], BepxHuii 3eeMaHOBCKUI NOILYyPOBEHb JIEMOH-
CTPUPOBAT GOJIBIIYIO 3aCETEHHOCTD, YeM HIDKHHII [1].
Od9eBHIHO, YTO U B CIyUae AUTOIIPHBIX SKCUTOHOB STB-
JIEHHE KOMIIEHCAIIUU CIIHHOBOTO PACIIEIICHIS BPSIJL, JIH
MOYKHO OTHCATh TPOCTOW MOMEIHIO IS PABHOBECHOM
cucremst [2].

Hacrosmas pabora MOCBAIIEHA BBISICHEHUIO YCIIO-
BUii, MIPU KOTOPBIX KOMIIEHCAIUS CIIMHOBOI'O DACIIET-
JIEHUST PeATUu3yeTcst st 60o3e-ra3a JUMOISIPHBIX IKCH-
TOHOB B NMUPOKON OINHOUHON KBAHTOBOI sime. C 3T0oit
[ETBI0 UCCIEOBAHBI, B 9ACTHOCTH, 3ABUCAMOCTH OT K-
CUTOHHOW KOHIIEHTPAIIMA U OT 3apsiIOBOrO Dalanca B
KBAHTOBOI sime. OOHAPYKEHO, UTO BEIUINHA KPUTHU-
4eCcKOro MarHuTHOIO nojd B, neficTBUTEIbHO JTUHEHHO
pacrer ¢ 3KCHUTOHHOW TJIOTHOCTHIO. Bmecre ¢ Tem Ha-
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pylIeHue 3JeKTPUuIeCKOl HeHTPaTIbHOCTH B KBAHTOBOM
sIMe KapAWHAJIBHBIM 00Pa30M BJIMSET HA 3€eMAaHOBCKOE
PACIIEIIEHHE: ero TIOBEIeHNE B MATHUTHOM TIOJIE CTAHO-
BUTCsT OOTee CIOKHBIM, & 3(PPEKT KOMIEHCAIINN TTPOITa-
nmaer. I[IpoBeneHo cpaBHEHHWE C MOBEIEHWEM B MAarHUT-
HOM TIOJIe CITUHOBOM MOJISIPU3ANNN KaK MPOCTPAHCTBEH-
HO-TIPSIMOTO SKCUTOHA B OTCYTCTBUE SJIEKTPUIECKOTO
TOJTsA, TAK ¥ IPOCTPAHCTBEHHO-HEIIPAMOr0 SKCUTOHA He3
HUCTMOIB30BAHNUSA JaTePAJIbHON MOTEHIMATIBHONW JOBYII-
ku. COMHOBOE pACIIENIeHne JIHHUE MPSMOTO SKCUTO-
Ha BesieT ceOs B TIOTHOM COOTBETCTBUU C W3BECTHBIME
JAHHBIMY 7T TMHPOKWX KBAHTOBBIX M GaAs/AlGaAs
[9-11]. dyist AMTONADHBIX SKCUTOHOB 0€3 MOTEHINAIh-
HOIT TOBY KK HAOMIOMaeTCst 3P HEKT HEMOMHON KOMITeH-
CallMy: BEJIMYNHA PACHIENIEHHUST CYIIIECTBEHHO MEHBIIIE,
geM JIIsT MPSMOrO SKCUTOHA, HO 3aMETHO OTJIUYAETCS
ot Hysisi. QODHAPYKEHHBIN paHee «TUTAHTCKUN» CUHUM
CABUT SHEPIUU UMOJSIPHOTO IKCUTOHA B MAJIbIX Mar-
HUTHBIX TOJsiX [1] ¢Bsi3aH ¢ HAJIWYMEM B MOTEHINAIb-
HO#1 JIOBYIITKE HECKOMIIEHCUDOBAHHBIX 3aPSA/I0B — BEJIU-
9UHA CABUTA PACTET C YBEJIUICHUEM UX KOHIIEHTDAIUH.

2. METOANKA SKCIIEPIMEHTA

WccnenoBannch MpOCTPAHCTBEHHO-HETTPSIMbBIE [TATTO-
JISPHBIE SKCUTOHBI B ITHPOKOit (25 HM) OJMHOYHO KBAH-
ToBoit sime GaAs/AlGaAs, moMelneHHONH B momepetd-
HOE TeTepoCoAM 3JIeKTpudecKoe mose. Bmerrnee Ha-
npszkerre U NPUKIAIBIBAIOCH K BEPXHEMY 3JIEKTPO-
gy — 3arBopy IlloTTku HA MOBEPXHOCTH TeTepOCTPYK-
TYPBI — OTHOCUTEIFHO HUKHETO BCTPOEHHOTO SJIEKTPO-
Jla, — MPOBOISAIIETO SJIEKTPOHHOTO KAHATIA B JIETHPO-
BAHHOMW KBAHTOBOIl siMe BHYTPH CTPYKTYpbI. Paccros-
HUE MEXKIYy 3meKktpomamu d = 265 HM, a BeJIUYNHA
obycioBienHor0 Gapbepom IIOTTKH BCTPOEHHOTO OT-
PHUIATETBHOTO TOTEHIUATA OMPEIETIAIACH IO HAIPs-
JKeHUIO OTKpbiBauus quogaa IIloTTku (pesxkum  «Imioc-
kux 30H»): Ug ~ +500 mB. Takum obpaszom, Hamps-
JKEHHOCTH 3JIEKTPUYIECKOr0 TIOJIsT BHYTPU MMEIOIIEero-
CsT TLTOCKOTO KOHJIEHCATOPA OIEHUBAIACH U3 COOTHOIIIE-
uust F' = (U — Up)/d n, nanpumep, TIpW HANPSIKEHAN
U = +235 mB nocrurana 10 kB/cm. Baarogaps npu-
JIOZKEHHOMY 3JIEKTPUYECKOMY OO0 TUMOTSPHBIE IKCH-
TOHBI WMEIOT OOJBITON JUMOILHBIE MOMEHT B OCHOB-
Hom cocrosuuu (6omee 100 ). B uccnemyemoii cucre-
Me TaKhe SKCUTOHbI BCJICJCTBUE JUIOIb-TUIOTBEHOTO OT-
TAJKUBAHUS He CBSA3BIBAIOTCS B MOJIEKYJIBI WU JIPYTHE
MHOTOYACTHIHBIE KOMITJTEKCHI.

®oTOBO30YIKIEHNE KCUTOHOB W HAOJIOIEHUE WX
JIIOMUHECHIEHIIMYA BEJTUCH 9epe3 KPyTJioe OKHO THAMEeT-
pPOM 7 MKM B HEMPO3PAYHOM METAIHNIECKOM CJIOE 3aT-
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sopa Ilorrku (Au/Cr rommmuoit 100 HM). B orcyr-
CTBUE MATHUTHOTO MOJIST JUMOJISPHBIE SKCUTOHBI HAKATI-
JIUBAIOTCA B KOJBIEBOW JaTepasbHON JIOBYIIKE, KOTO-
pasi BO3HWKAET BIOJIb MEPUMETpPa OKHA W3-3a CHUIBHO
HEOHOPOTHOTO dIeKTprutdeckoro moist [12, 13]. Kax 6br-
JI0 TIoKa3aHo B pabore [1], B mepmeHIMKYISPHOM Mar-
uurHoM mose (reomerpusi Papases) 3amerHoe KOJIM-
YECTBO HEMPSIMBIX SKCUTOHOB KOHIIEHTPUPYETCs BOIIH-
30 LEHTPa OTBepcTHs. Hakomienne sKCUTOHOR B TaKO#
MArHUTOITIEKTPOCTATHIECKON JIOBYIIIKE TTPOUCXOIUT B
CKDEIEHHBIX PAJIUATBHOM MEeKTPUIECKOM W IePIIeH-
JUKYJISPHOM MArHUTHOM TIOJISIX — TOJ00HAs TeoMeT-
pWst SKCTIEpUMEHTa, TIpeJjiarajiach panee B pabore [14]
JI7IsI peaTn3aliuy SKCUTOHHOM O03e-KoHaeHcanmn. men-
HO 9TH 3KCUTOHBI B IEHTPE OTBEPCTUS JIEMOHCTPUPYIOT
3pPEeKT KOMIEHCAIINY CIMTUHOBOTO PACIIETICHNsT B Ma-
JIBIX MACHUTHBIX 00X [1] U cBOiicTBA MMEHHO TaKUX
SKCUTOHOB U3YYaUCh B TAHHON padore.

Bos0y:kaenne aUMOMSIPHBIX  HSKCHTOHOB — OCYIIe-
CTBJISLIOCH OJIHOBPDEMEHHBIM JIefiCTBUEM [IBYX HEpe-
PBIBHBIX JIa3epOB C IJIHHAMU BOJIH Agp 782 uM
(dboroBo3dyxKmenue ¢ sueprueii  (HOTOHOB MeHbIIe
IMIUPUHBLL  3alpelieHHoil 30ubl B Oapbepe AlGaAs,

WK «moAdapbepHoes BO3OYKACHWE) U Aoy = 659 HM

(«mapbapbepuoe» (oroosbyzxaenue). x usnydenue
doxycupoBamoch Ha 06pa3el] B MITHO IHAMETPOM OKO-
g0 20 mrm. KomOwHammeil n3mydeHuss Takux Ja3epoB
U IKCIEPUMEHTATBHO MOT00PAHHBIM COOTHOIIIEHUEM TX
MOIITHOCTEH TOCTUrATIACH MAKCUMATbHAS KOMITEHCAIHS
M30BITOYHBIX 3apsIOB B JIOBYIIIKE, W CaMa CHCTEMa
9KCUTOHOB TOAEP/KUBAIACH MAKCUMAILHO HEATPAIh-
Hoit. Pamee OBLTO yCTAHOBIEHO, YTO HEATPATHLHOCTD
dOTOBO30OYKIEHHOIN TEKTPOHHO-IBIPOYHON CUCTEMBI
Ype3BbIYAWHO BaKHa 19 peaan3alud SKCUTOHHOI
603e-kougencanuu [12,13]. Tlosromy npu wusydenun
BIUSIHAS SKCUTOHHON ITOTHOCTH Ha 3P(PEKT KOMIIEH-
CAITMY CTTTHOBOTO DPACIIETITIEHNsT BOMPOCY 3apsiIOBOTO
bamaHca yaemsanaoch ocoboe BHUMaHHe. KOHTPOIDH
HEATPATBHOCTH TPOBOJAUIICSA MO JABYM CIHEKTPATHHBIM
0cobeHHOCTAM. BO-TIepBBIX, M0 BO3HUKHOBEHUIO HUIKE
0 YHEPTUH NMpuMepHo Ha 1 M3B oT mHUKM CBOOOIHOTO
(mefirpanbHoro) hh-3KCUTOHA JIMHUU CBA3AHHOrO (3a-
PSAYKEHHOTO) SKCUTOHA (TPUOHA), KOTOPAs MPH CIa00M
OTKJIOHEHWN OT HEHTPAJHLHOCTU BBITVISAIUT KAK TLIEY0
HAa KPACHOM CKJIOHE OCHOBHO# muHWH. BO-BTODBIX,
0 MPUCYTCTBUIO B CIEKTPE JIOMUHECICHIIUU JTHHIN
SKCUTOHA Ha JIETKON nbipKe (lh-3KCWTOH), KOTOpasi B
JeCATKU pa3 cmabee OCHOBHON JuHUN hh-3KCUTOHA Ha
TSKEION JbIPKE U PACIONOYKEHA BBIIMIE [0 SHEPIHH
Ha Heckombko M3B. Ilpm yBenmmuennm B KBAHTOBOIt
sIMe KOHIIEHTPAIMY HECKOMITIEHCUPOBAHHBIX HOCHUTEEH
3apsanga JuHuA [h-9KCUTOHA CIABUTACTCS B KPACHYIO
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CTOPOHY, OnmuzKe K JuHAn hh-3KCUTOHA, yMEHDIIAeTCS
€e WHTEHCUBHOCTH W, B KOHIIE KOHIIOB, OHA TIOJTHOCTHIO
nporazaer [15]. Crsazano 310 ¢ Tem, UTO, BO-TIEPBHIX,
penakcamys ropgYux KCUTOHOB HA JIETKOU JIBIPKE B
HU3ITee COCTOSTHME 3a CYeT PACCesHusT Ha HeCKOMIIeH-
CUPOBAHHBIX 3apsgax MPOUCXOIUT TOpas3no ObicTpee,
9eM Ha HeHTPAJIbHBIX SKCUTOHAX. BO-BTOPBIX, HATHYIHE
CBOOOIHBIX HOCUTEEH TPUBOAUT K IKPAHUPOBAHUIO K-
JIOHOBCKOTO B3aWMOIEHCTBUSA U yMEHBIIEHUIO SHEPTUU
CBsI3M 9KCUTOHA [15].

O6pa3ser; HAXOIUIICS HEMOCPEIACTBEHHO B YKUJIKOM
“He BHYTPH CBEPXIDPOBOISIIETO COTEHOUIA B OMTHTE-
CKOM KPHOCTaTE, B KOTOPOM MOKHO OBIIIO BECTH JKCITe-
PUMEHTBI B MHTepBaJie MArHUTHBIX moneit 0 < B < 6 T
npu temnepatype T & 1.7 K. Vznyuenne TrOMUHECIIEH-
AU COOMPATIOCH € TIOMOIIBIO KBAPIEBOH JNH3BI ¢ PO-
KYCHBIM paccTogaueM 12.5 MM W IUCTOBOM anepTypoii
NA =~ 0.4, pacnonoxKeHHOH mepes, 00pa3ioM BHYTpU
coJeHonia. Y BeJINdeHHOe n300pazkenre OKHA B 3aTBO-
pe lorTku, gepe3 KoTopoe Bemnch (POTOBO3OY K ICHIE
¥ HAOIIOACHNE JTIOMUHECHEHINH, TPOEIUPOBAIIOCH HA
BXOJHYIO IeNb crekTpomerpa (pokycHoe paccrosmue
500 mm) ¢ oxyaxmaemoit kpemuuesoit CCD-kamepoit
Ha BBIXOe. B mannoit pabore OOMBIMTUHCTBO CIEKTPATb-
HBIX H3MEPEHWH MPOBOAMIOCH 6€3 MPOCTPAHCTBEHHO-
ro paspemtenus. [logsgpusamus (HOTOMIOMUHECIIEHITTT
AHATM3UPOBAJIACH C MOMOIIBIO Tpu3Mbl [1ana u ger-
BEPTHBOTHOBOIT (PA30BOI TLTACTHHKH.

3. SKCIIEPUMEHTAJIBHBIE PE3VJIBTATbBI
n OBCY2KJEHUNE

Hac mpexme Bcero wHTEPECOBAIO, KaK BEIEeT Ce-
05 cucTeMa AUMOISAPHBIX SKCUTOHOB B MATHUTHOM IIO-
Jie TIpW U3MEHEeHWH ILTOTHOCTH Oo3e-ra3a. Ilpm moaro-
TOBKE IKCIEPUMEHTOB TIO BAPHUPOBAHUIO SKCUTOHHOMN
KOHIIEHTPAIUU OOHAPYKUIOCh, YTO HEIOCPEICTBEHHO
CBA3aHHAA C 3TON KOHIEHTpaluueid MHTeHCUBHOCTD JIU-
HUU JIIOMUHECIEHIINU B [EHTpe OTBepcTus I, HeTpu-
BUAJBLHBIM 0OPA30M 3aBUCHAT OT MOIIHOCTH HAI0apbep-
Horo (GporoBo3OyKAeHUI P,;, IpH (DPUKCHPOBAHHBIX MOJI-
G6apbepaoM (HOTOBO3OYKIEHUN Py, ¥ MPUTOKEHHOM K
obpasmy BHermHem Hanpsikenwn U. Ha puc. 1 Bum-
HO, 9TO B OOJACTH MOIMHOCTeH Hakadek P,, or 3 10
30 M Bt Habm01aeTCsT HEMOHOTOHHAS 3aBUCUMOCTD UH-
TeHCUBHOCTH JUHUHU I, (P,p) ¢ MAKCUMYyMOM B paiiome
10 MkBr (ToYku; B 9T0it 00/1ACTH TOKA3AHBI CBETIIBIME
kpyzkkamu). OKa3ajaochb, 9TO UMEHHO B TOM Ualia-
3oue P,, B CIEKTpe JIOMUHECIIEHIINM B IIEHTPE OTBEP-
CTHUS a) BMECTO JIMHUU CBOOOIHOTO hh-3KCUTOHA HADITIO-
JIAeTCs JIMHUS CBA3AHHOIO 9KCUTOHA U §) OTCyTCTBYeT
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Puc.1. 3aBucMMOCTb MHTEHCUMBHOCTU AWHWAW AUMO-

NAPHOro 3KCNTOHa Im B UEHTPE /IOBYLIKN OT MOLLHO-
ctu HapbapbepHoli Hakaukn P,,. CeeTnbiMu Kpy>kka-
MM OTMEe4YEeH ANana30H HaKa4ek, rae Ha6mop,aeTc9| 3Ha-
YUTENIbHOE OTKJ/IOHEHME OT 3MIEKTPUHECKON HelTpasb-
noctu; Py, = 60 mkBr, F = 4.4 «B/cm, B = 0,
T=17K
smnus [h-3xcurona. Orcioga ObLIT cuesaH BLIBOJ, YTO
B 9TUX YCJIOBHUSX B IEHTPE JIOBYIIKW WMEETCsl 3HAUU-
TeJIbHOE OTKJIOHEHHWE OT 3JIEeKTPUUECKOIl HelTpaabHO-
cru. [TosTomy mist maabHEHITNX UCCIeI0BAHUI ObLT BbI-
OpaH auama30H MOITHOCTEH HaI0apbhepHOro j1a3epa, co-
crosimuii u3 aAByx obaacreii: 1 MkBt < Py, < 3 MxBr u
30 mxBr < P,;, < 200 mxBr. CoorBercrByomue sKcIe-
pPUMEHTAIbHBIE TOYKHU, TOKA3AHHBIE HA PUC. 1| TeMHBIME
KBaIpATaMU, HEIJIOXO <«JIOKATCS» Ha JIMHEHHYIO 3aBU-
cumoctb. To, uro npu yBenmndenun P,, B 200 pa3 unren-
CHBHOCTDH B MaKCHMyMe JuHnun I, BbIpacTtaeT He donee,
geM B 5 pas, a MOATOHOYHAS MPsIMast He TIPOXOIUT 4epe3
HAYaJI0 KOOPIUHAT, CBSI3aHO, KPOME MTPOUEro, ¢ MPUCYT-
CTBUEM HAPSAIY ¢ HAI0APHEPHDBIM eIle U MoI0aPhEePHOrO
boTOBO30Y K TeHMS.

Buyrpu mammoro mmama3ona HaIO0apbepPHBIX HaKa-
49eK ObLIN BBIOPAHDI MATH 3HAYEHUI MOIHOCTH J1a3epa
P,,, pu KOTOPBIX OB W3MEPEHBI MATh Cepyil MUPKY-
JISIPHO TIOJITPU30BAHHBIX CIEKTPOB (DOTOTFOMITHECIIEH-
IMA B 3aBUCHUMOCTA OT MArHUTHOTO MOJA C IIArOM
0.25 Tn. OcranpHble TApaMETPhI OCTABAIUCH MTPU STOM
HEU3MEHHBIMHU (CM. TIOANUCH K puc. 1). Tanusie 1y oj-
HO# W3 TAKUX CIeKTPaIbHbIX cepuii npu P,, = 30 MxBTr
MTOKA3aHBI HA PUC. 2 — IPUBEIEHA TOIHKO 00IACTD HHTE-
PecyroIIeii HAC JJUHUU JUTOISIPHOTO hh-95KCUTOHA B IIE€H-
Tpe JIOBYIIKH. B MArHUTHOM TOJE JIMHUS MOHOTOHHO
CIBUTAETCS B CTOPOHY BBICOKUX dHEPruil, PACTET 10 WH-
TEHCUBHOCTH W JIEMOHCTPUPYET PACIIETIeHNe M0 SHEP-
rum sieo- (07 ) u mpaBonupKyspao (0F) monspuso-
BAHHDBIX KOMIIOHEHT.
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Puc.2. UupkynapHo nonspusosaHHble cnekTpbl ¢o-

TOMOMUHECLEHUMN LUMNOASIPHOTO IKCUTOHA B LEHTpE
MarHNTO3/IEKTPVNHECKOW JIOBYLLKN B 3aBUCUMOCTW OT
MarHuTHoro nons: B pactet cHusy seepx ot 0 go 6 Tn
c warom 0.5 Tn; P,, = 30 mkBT, Py, = 60 mkBrT,
F=44«kB/cm, T =1.7K
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Puc.3. 3eemaHoBckoe pacuiensieHne 3KCUTOHHON Nu-
vum AEz = E_- — E_; B 3aBACUMOCTM OT Mar-
HuTHOro nonsi B. At HWXHNWX cepuii COOTBETCTBY-
0T AUNONSPHOMY JKCUTOHY B LEHTPE MarHMTO3NeK-
TPUHECKON NOBYLIKN NPU PasHOil MOWHOCTM Hanba-
poeproro oToso3byxaerua P, (Ps, = 60 mkBr,
F = 4.4 kB/cm). Bepxtss cepusi — npsimoii 3kCuToH
(6e3 nosywkn un 3ateopa Lottku, P,, = 200 mkBr,
Py, = 0, F = 0). Bropas ceepxy cepuss — Henpsi-
MOUi 3KCMTOH 6e3 noBywWw KN (NONynpo3payHbIii 3aTBOP
WoTTkn, P, = 30 mkBT, Py, = 0, F = 0.4 kB/cm),
T = 1.7 K. Insa ynobcTBa cpaBHeHusi cepun BMecCTe C
MYHKTUPHBLIMUA NPSMbIMIA A1SI HYJIEBOrO pacLyensieHuns
CABUHYTLI Mo BepTuMKanu ¢ warom 100 mkaB
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CKOFO MarHUTHOro nons: B Kak (pyHKLMSA MHTEHCUBHO-

CTUN 3KCUTOHHON NuHuM I, B LEHTpe OTBEPCTUS B Hyse-

BOM MarHuTHom none; Py, = 60 mkBT, FF = 4.4 kB/cm,
T=17K

KOHLI,eHTpaLI,VIOHHaﬂ 3aBNCNMOCTb KpUTn4e-

B pesyabrare 06paboTKM cepuil M3MEPEHHBIX CIEK-
TPOB OBLTH MOCTPOEHBI 3ABUCUMOCTH OT MAarHHUTHOTO
TTOJTS BEJTHIMHBI 36eMAHOBCKOTO PACIIETITIEHNsT, OTTPeie-
JIEHHOTO KK PA3HOCTD MOJOKEHUI [EHTPA TAZKECTH JIU-
HUM B JIEBOM W NPaBOil MUPKYJIAPHON MOIAPU3ALUAAX:
AEy; = E,- — E;+. Ha puc. 3 narb HUXKHUX cepuii
9KCTIEPUMEHTAIBHBIX TOYEK MPEICTABIISIOT STU 3aBUCH-
Moctn. Ha Kaxkmoit m3 HUX HMeeTcss y9acTOK B 007a-
CTU MAJIBIX MArHUTHBIX MOJIeil, IJe PACHIeNIeHre OT-
cyrerByer: AE 7z = () ¢ 9KCTIEPUMEHTATBHOM TOUHOCTHIO
+10 Mx3B. Bemnunaa KpUTHIECKOr0 MArHUTHOTO OIS
B., soire koroporo AEy # 0, 17s KazK/10i cepun yKa-
3aHA BEPTUKAJIBHON CTPEJIKON.

Ha pwuc. 4 mokazana 3aBUCUMOCTH BEJTUYNHBI KPU-
TUYECKOTO MArHUTHOTO TMoJst B., ONpeaeseHHoro B co-
OTBETCTBUU C IOJIO?KEHUEM CTPEJOK Ha puc. 3, OT UH-
TEHCUBHOCTHU JINHUW JUIOISPHOTO SKCUTOHA B HYJIEBOM
MArHUTHOM TIOJ€ [y, KOTOpas MOJyYeHa C TTOMOIIHIO
JaHabX HA puC. 1. OOBIYHO HHTEHCUBHOCTD TPOHOPITH-
OHAJIbHA KOHIEHTPAIMKN WU3JTydaresieil u 00PaTHO MpPo-
MOPIUOHATBHA WX BpeMeHU Ku3HU. [I0CKOIBKY Bpsi
JIM B JAHHOW CUTYallMW BPEMs KU3HU 3aMETHO MEeHs-
ercs C HAKAYKOW, 3aBUCAMOCTb HAa puc. 4 KadecTBEH-
HO OTPAayKaeT CBsIi3b KPUTUIECKOTO TOJIS C SKCUTOHHOMN
MIOTHOCTBIO B, (n): KpUTHYecKkoe T0e PACTET ¢ KOH-
HeHTpaleil SKCUTOHOB.

Ha puc. 3 n1a cpaBHenusi IpUBEIEHBI €IIIe JBE 3aBU-
cumoctu 3eeMaHOBCKOro paciuerienus AEy(B), momny-
YEHHBIE B OTCYTCTBUE MOTEHIMAJIBHON JTOBYIIKW, B OJI-
HOPOJHOM TATHE Ja3epHoro (poroBo3dyxKaeHus. Ilep-
Bas (camas BepXHsisl) — JJisi OPIMOrO SKCUTOHA, U3Me-
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pennas Baau ot 3arBopa [HlorTku, B obmacTu, cBOOOI-
HOM OT MEeTAJLINYECKOW TJIEHKH HA MOBEPXHOCTH, T. €.
B HyJI€BOM 3jeKTpudeckoMm mone, F' = (. Bropas —
JITST HEMIPSIMOTO SKCUTOHA — ObLIA U3MEPeHa ¢ UCIOITh-
3oBaHmeM mosynpo3padgnoro 3arsopa [lortku. B ciy-
yae mpaMoro kcutoHa AFEy pacTeT B TOJIOKUTENb-
HYIO CTOPOHY OT CAMBIX MaJIbIX MAUHUTHBIX MOJEH, 10
AFEyz =~ 60 Mx3B, mocje 9ero mnocTeneHHo yMeHbITaeTCst
un Mensger 3HaK Boam3u B = 4 Tun. [logobuoe nosegenne
CIIMHOBOTO PACIICILICHNST TUITHYHO JIJTsi KBAHTOBOU SIMbI
GaAs/AlGaAs sroit mmpunst [9, 10]. Taxoit, 10BoIBHO
CIOKHBIN, BUI 3aBucnvocTn AEz(B) cBsizaH co cMme-
IMMABAHUEM B MATHUTHOM IOJI€ PA3JIUIHBIX COCTOSTHUI
JIBIPKH B BaJeHTHOH 30He GaAs: yder 10cTaTOIHO OOTb-
IIIOTO YUCJIA, TUX COCTOSTHUIN TTPU IUCTEHHBIX PACIETAX
B npubsnkennn 3pEPHEKTUBHON MaCChl JAeT HEIMIOX0e
BOCIpOU3Be/IeHUe pe3y ibTaroB Kcnepumenta [11]. To-
Begenre AEy(B) njis HEnpsiMoro KcuToHa 6e3 moreH-
IMAIBHON JIOBYIIKNA KAQYECTBEHHO TO YK€, 9TO W Y Tpsi-
MOT0 9KCHTOHA, TOJIBKO MAKCHMATBLHOE TTOIOZKUTETBHOE
pACIIEI/IEHHE B MAJBIX MATHUTHBIX TIOJISIX COCTABIISET
npumepHo 20 MK3B, a 3HaK pacIiengeHns MeHsIeTcs B
obmactr 2.5 Ta. Bugmo, 94TO OCHOBHOE OTJIWYME JIJIs
JIATIONISIPHBIX SKCUTOHOB, HAKAILTABAEMBIX B IIEHTPE OT-
Bepcrus B 3arBope IlloTTku, COCTOMT B KOMIEHCAITH
CTIMHOBOTO PACIIEIJIEHUST B MAJIBIX MATHUTHBIX TOJISIX.
MOKHO NPEIIONIOKUTE, 9TO JIJIsl JUMOISIPHBIX SKCHTO-
HOB 0€3 JIOBYIIIKYM KOMITEHCAIWST TOXKE UMEeT MeCTO, HO
ABJIAETCS HETOTHONW M3-3a HEeJOCTATOYHON SKCUTOHHOI
KOHIeHTpaIuu. B momb3y 6071ee BHICOKOI ITOTHOCTH K-
CUTOHOB B IIeHTpe orBepcrusi B 3aTBope LIorTku roBO-
DPUT U YBEJTUYIEHHBIN TEMIT HAPACTAHUS PACIIETIIICHUS C
MarauTHBIM 1tosieM B obmactu 3—5 T npu Gonbimmx Ha-
Kagkax (cM. puc. 3). 31ech MOKET HAYHHATHCS 3allO-
HEHIE SKCUTOHAMUY CIIEIYOIIero yposHs Jlanmay u, kak
OBLIIO MTPOIEMOHCTPUPOBAHO PAHEE HA MPUMepPe KBAHTO-
Boit siMbl InGaAs/InP [16], obmennoe B3anmomeiicTBue
MEYKTy TTOTHOCTHIO 3ATIOTHEHHBIM HYJIEBBIM ¥ 9aCTUIHO
3aMOJTHEHHBIM MTEPBBIM YPOBHAME JIaH Ay MPUBOIUT K
POCTY CIIHHOBOIO PACIIEILITCHUS.

Brime yike OTMEYATIOCh, UTO B HCIONB3YEMOIl Teo-
MEeTpUHM SKCIepuMenTa ¢ orBepcruem B 3arsope Hlor-
TKU MOKET PEATN30BATHCS MATHUTONIEKTPHIECKAS JIO-
BYIIKA 7Sl 9KCUTOHOB 38 CUET UX JIBIKEHIS [0 KOIbIIE-
BBIM TPAEKTOPHAM BOKPYT OCH OTBEPCTHs B CKPEIIEH-
HBIX TIOJIAX: MEPNEHJANKYIAPHOM MATHUTHOM U DAaJ-
aTLHOM 3IeKTpruieckoM [1]. B xadectBe aprymenta pa-
Hee NPUBOJMIOCH PDA3MBIBAHUE B MATHUTHOM TIOJIE CHM-
METPUIHON CTPYKTYDBI TATEH JIOMUHECHEHIUH BO/IHU-
31 kpasi orBepcTus [1], Koropoe HabIIOAAETCS B OTCYT-
cTBHE MAarHUTHOrO no/s [12, 13]. B nononuenne cieayer
JO0ABUTH, 9TO NATHO JIOMUHECIEHIIMH B IEHTPE OTBED-

CTUA yBEIWYHBACTCA B pa3Mepe IpUMepHO Ha 25 % B
noe B < 1 Tn, #o npu gagabHERITeM pocTe mojst MOHO-
TOHHO yMeHbIaeTcs n mpu B = 6 T mpakTuvaeckn Bo3-
BPAIAeTCsI K UCXOIHOMY THAMETPY PABHOMY IPUMEPHO
4.5 mrm. OJHOBPEMEHHO WHTEHCUBHOCTH JIMHUU JIUTIO-
IApHOrO hh-9KCUTOHA B IIEHTPE OTBEPCTHST BO3PACTAET
B MArHUTHOM II0JIe B HECKOJIBKO Pa3 — 0 AeCATUKPAT-
woro ysesqumdenus B mosie 6 Tn nmpu P,, = 200 mxBr.
B rex ke ycnoBusSiX aMIIUTYda JWHUA SKCUTOHA, HA
Kpaio OTBEPCTHsT MeHsieTcst cnado. be3 moreHnuatbHoM
JIOBYIIKH, B OJHOPOTHOM MATHE (POTOBO3OYIKICHUS U
TpU TApaMeTPax W3MEePEHUii, COOTBETCTBYIOIINX PUC. 3,
WHTEHCUBHOCTH JIMHUU JTUTOJISIPHOTO SKCUTOHA, yBEJIU-
quBaercd He Oosee, vem B 1.5 pasa, a B ciaydae mpsi-
MOTO SKCHUTOHA — BOOOIIE TPAKTUYECKH HE MEHSeT-
cs1. Takum obpa3om, mpeanosokerHne 0 (OPMUPOBAHIH
BOIM3U [EHTPA OTBEPCTUS MATHUTOIIEKTPUIECKOHN J10-
BYIIIKH MOy 9AET eIlle OJHO OYEBUIHOE OTBEPZK ICHUE:
KOHIIEHTPAIIUST TUTOISPHBIX SKCUTOHOB B 3TO# 061aCTH
pacTeT ¢ MArHUTHBIM MOJIEM.

Ha pwuc. 56 moka3amHo, Kak MeHSIETCST B MATHUT-
HOM TIOJIe CTeleHb MUPKYJISIPHON MOMIpU3alud p. =
= (Iy+ — I,-)/(Io+ + I,-) mias OUmOJSIPHOTO SKCH-
TOHA B IIEHTPE OTBEPCTHUS MPU PA3JIUIHON MOITHOCTH
HamdbapbepHoro (poroBo30yxKAeHUd. [lo BemnamHe cre-
[IeHb oMgpu3anyy He npesbimaer +15 %. Bun 3asucn-
mMoctu p.(B) CylecTBeHHO MEHSEeTCA MpU BapbUPOBa-
HUM WHTEHCUBHOCTH (POTOBO3OYKIeHNs. TeMm He MeHee
MOZKHO OOHAPYZKUTH ODIILYTO TeHICHIINIO, COCTOSIIYO B
TOM, YTO U3HAYAIHHO OTPUIIATETHHAS Pe YMEHBITAETCS
B MarHUTHOM MOJIE TI0 MOJIYJII0, TPUOINIKASICH K HYJIIO,
a B CJIy4ae JOCTATOYHO DOMBIINX HAKAYEK CTAHOBUTCS C
YBEJIMYEHNEM MATHUTHOTO OIS TIOJI0KUTETHHON U pac-
TeT 1Mo abCOMIOTHON BEJIUYNHE. SHAUCHUE HAIPSIIKEHHO-
CTH MATHUTHOTO TOJIsT, IIPA KOTOPOM [IPOUCXOTUT CMEHA
3HAKA Pz, HE KOPPEIUPYET ¢ BEIUIMHON KPUTUIECKO-
1o 1osisi B, BBIIIE KOTOPOI MOSBIISIETCS 3€6MAaHOBCKOE
pacmiemtenune. ComocraBnenve 3Hak0B p. U AFEy mom-
TBEPIK/IAeT MOJyYeHHbI panee pesyabrar [1]: cucrema
Jlajeka OT PABHOBECHST BO BCEM M3YUEHHOM AMara30He
MATrHUTHBIX TOJIEH. TO O3HATAET, YTO BPEMS PeslaKkca-
MU B CIOUHOBOH MOJICHUCTEME CYIIECTBEHHO MPEBbIIIa-
er BpeMs KU3HU dKcuToHa. POTOBO30OY K IEHHBIE HOCHU-
TeNN, PEIAKCUPYs BHU3 IO SHEPTUU, MOMAJAIT CHA-
qaJjia Ha BEPXHUI COUHOBBINA TOJYPOBEHb U 3a/lePrKU-
BAIOTCA HA HEM M3-3a HU3KOU CKOPOCTH CIIUHOBOW pe-
Jakcaruu. /[Jist CIHHOBBIX 9KCUTOHOB B KBAHTOBON siMe
GaAs/AlGaAs mupuHoit 0ko710 20 HM ¢ HOJBHZKHOCTHIO
(1-3) - 10° ¢m?/B-c cBepx/uHHbBIE BpeMeHa CIUHOBO
penakcamun — okojo 50 ue B mose 9 T n okommo 150 He
npu 14.5 Tn — Obutr HEJABHO OOHADYKEHBI SKCITEPU-
menTasbHO [17]. Teopus npeackaseiBaer [18], 9To B BbI-
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Puc.5. CeoiicTBa nonspnsaunm n napameTtpsl AUHUN
AUMONSAPHOrO 3KCMTOHA B LIEHTPe NIOBYLIKN B 3aBUCU-
MOCTM OT MarHuTHoro nonst B: a — cTeneHb LMPKY-
nsipHoit nonsipusavuu pe = (I+ — I, )/(I,+ +1,-),
6 — cTeneHb JfnHelHOW nonsipusauun  p; =
= (1[110] — I[1;0])/(I[110] + I[llO]) n 6 — OTHOLWIEHNe
WNPUH JINHUIA LUPKYASIPHO MOASIPU30BAHHBIX KOMMO-
HEHT W, - /w,+. Onsa a, 6 3nadvenns P,, ykasaHbl Ha
pucyHke, Ps, = 60 mkBT, gna puc. 6 P,;, = 200 mkBr,
Py, =0, F=4.4«B/cm, T = 1.7 K. Ha puc. 6 cepun
CABUHYTbI Mo BepTukanu ¢ warom 0.1, cTpenkamn yka-
3aHbl 3HAa4YeHNs KPUTUYECKNX MarHUTHbIX nonein B. ¢
puc. 3

COKOKaQYECTBEHHBIX CTPYKTYpaX U NpU JOCTATOYHO HU3-
Koit Temneparype (ne Gosmee 0.25 K) xapaxrepubie Bpe-
MEHa IIPOIECCOB PeaKCallid, CBI3aHHbIX C IePeBOpO-
TOM CIIUHA, MOTYT JIOCTUTATh 1 C.

Obpamaer wHa cebsd BHUMAHUE OTJIUYHAS OT HYJIst
CTEMEeHb MUPKYISPHON MOJIAPU3AINNN 063 MATHUTHOTO
noist, p. 7 0, 0OCOBEHHO 3aMeTHasl MPU HU3KUX YPOB-
uax (HoToBo30y:KAeHNA. Be3 MOByIIKM HUYEro momo0-
HOTO He HAOIOMAETCS HU IJIs JUMONSPHBIX, HU It
OPAMBIX SKCUTOHOB. llpwHnunmaabaas BO3MOKHOCTH
BO3HUKHOBEHUA TAaKOW CHOHTAHHON HUPKYJIAPHON ITO-

JIAPU3ALMK YIIOMUHAETCS B pabore [6], HO TONBKO st
caydas KOHJCHCAIIMW HA HUKHUI 3€eMaHOBCKWA ypO-
BeHb. [Ipu 5TOM 0XKMIAETCS elle U CIOHTAHHOE CITHHO-
BO€ pacCIIeryieHne, PacTyliee B MarHuTHoM mose. IBa
MTOCJTETHUX YCJIOBUS HAXOISITCS B TPSIMOM TTPOTHBOPE-
YU C HAINIAMU SKCIEPUMEHTATHHBIMEU PE3YJIHTATAMHU.
JleficTBUTETEHO, IOMUMO KOMIIEHCAIIMH CIIMHOBOI'O PAC-
IeIIeHnsT, HADIIOTAeTCsT ere U 001ee MHTeHCUBHOE M3~
JIYIEHUE C BEPXHETO CIIMHOBOTO TIOIYPOBHS, 8 He C HUK-
uero. Q4ueBuIHO, /T OTIpeIeIeHust TPUPOIBL IhderTa
CIIOHTAHHON TOJSIPU3ANNANA HEOOXOIUMBI JIOMOTHATE b
HbBIE UCCJIEIOBAHUS C IIEJIBI0 BBISCHEHUS YCIOBUIA, TP
KOTOPKIX 3TOT 3P PeKT HADIIOTACTC .

PesyabraTh! m3aMepenuit cTenenn JTUHEHHON MOMIPH-
3anun p; = (1[110] — I[llO])/(IDlO] + I[llO]) IIOKa3aHbI Ha
puc. 56. Kak 6b110 ycranosieno panee [19], B nenrpe
OTBEpCTHS JIMHEHHAS MONAPU3AIHST 0€3 MArHUTHOTO O~
gst orcyrerByer: p; &~ 0. C pocrom moss ciabas mo-
JISIPUBAIMS TOSABIISETCS, JTUHEHHO PACTeT U IOCTUTAET
mpumepro 5% mpu B = 6 Tur.

Cuexrpanbuas mupuna jguauu (FWHM) qunomsp-
HOTO SKCUTOHA B IIEHTPE OTBEPCTUSI WCXOMTHO B HYJIE-
BOM MarHUTHOM TIOJIe cocTaByseT w ~ 0.5 M3B Bo Bcem
HCIOIB30BABIIEMCS THAITA30HE MOIITHOCTEH (POTOBO3OY-
JKIeHust. BKITIOUeHne MarHuTHOTO OIS TPUBOIUT K OBI-
CTPOMY CysKeHuto mpuMepro Ha 10 % B Mamprx momax,
10 0.5 T, ¢ mocieayomuM TOCTEMeHHBIM MOHOTOHHBIM
yimpenneMm 10 yposas 0.6-0.9 m3B, xKoTopsrii pacter
¢ HakauKkoit. BnjoTh 1o kpurndeckoro nonst B, mupu-
Ha MPAKTUYEeCKU HE 3aBUCHT OT HAIPABICHUS MUPKY-
JAPHON MONApHU3anum, HO B obnactu B > B., rae Ha-
OII0IACTCA 3eeMaHOBCKOE paCIIeNIeHne, ObICTpee pac-
TeT WHWPUHA JIMHUUA B JIEBOW HUPKYJIAPHON TOJIdpU3a-
AU W,— , OTBEYAIONIAS HUKHEMY 3€eMAHOBCKOMY ITO/I-
ypoeHio. Ha puc. 56 mOCTPOEHBI OTHOINEHUs IMTUPUH
JVHWR W,— /We+ € TPOTHBOTIONOKHBIM HAMDPABIEHTEM
BpAIlIeHUS B 3aBUCUMOCTH OT MATHUTHOTO MO TP
Pa3IMYHBIX WHTEHCUBHOCTSAX (hOTOBO30YKaeHus. Bep-
TUKAJIBHBIMA CTPEJIKAMU TOKA3aHBI KPUTUYECKNE 3HA-
9eHusi MArHUTHOTO 1oJsg B, ompeneieHHbIe BhIlle HA
puc. 3. Buano, 9T0 B OTIIHYHE OT CTENeHN TUPKYIAPHOI
nosgpusanuu (puc. 5a), 3aBUCAMOCTH OTHOIICHUS TITH-
DPUH JIUHAI OT MATHUTHOTO TTOJIsE KOPPETUPYeT ¢ TOBeie-
HUEM 3eeMaHOBCKOrO paciuervienus (puc. 3), mo kpaii-
Heil Mepe, HA KadecTBeHHOM ypoBHe. Hambosee y3koit
CTIEKTPAJILHO BCETA OKA3BIBAETCST CAMasi MHTEHCHBHAS
CIIUHOBAsI KOMIIOHEHTA, YTO CBUIETEIbCTBYET O KOJIIEK-
TUBHOM mpupoae 3Toro 3dpdexrra: uemM BBIIe SKCUTOH-
Hasl MJIOTHOCTH, TEM MEHBIIE CITeKTPAIbHAS IITUPUHA.

Pucynox 6a moka3wpiBaer, Kak TPHU PA3TUIHOM
YPOBHE HAI0APHEPHOTO BO3OYKICHUS, T. €. TIPU PA3TAI-
HOM SKCUTOHHON IMJIOTHOCTH, MEHAeTCd B MArHUTHOM
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nose sHeprus sxkcurona E(B). Obpamaer Ha cebst BHU-
MaHMe HEMOHOTOHHAS 3aBUCUMOCTH BEJIMUNHBI SHEPTUN
OT WHTEHCUBHOCTU HAKAYKU B OTCYTCTBUE MATHUTHOTO
nons: ¢ pocroMm morHocTH Py, or 1 MrBr 1o 30 MxBT
OoHa yBenmmumBaeTcsd, a nmanbirne, mpu Py, = 100 MxBr
U BBIIE, YMEHBITAETCS. 37eCh CIEIyeT OTMETUTH B
OCHOBHBIX JeiicTByfomux ¢akropa. Bo-mepBbix, ¢
HapaCTAHUEM SKCUTOHHON KOHIEHTPAIUN yCUINBACTCS
JIUTIOB-TUTIONIHBHOE  MEYKIKCUTOHHOE  OTTAJIKUBAHUE,
KOTOPOE MPUBOIUT K BBICOKOIHEPTETHIECKOMY CHHEMY
caBury. BoO-BTODBIX, € POCTOM JIa3€PHOI MOIHOCTH
YBEJINUNBAETCS KOHIEHTpAIUs (HOTOBO30Y K ICHHBIX
HOCHUTEJIEl B TOMYMPOBOJHUKE W MEHSIETCS PACIPEeIe-
JIEHHE CTATHYECKOrO 3SIEKTPUIECKOrO IOJIsi BHYTPH
oreepctusi B 3arBope [llorTkm. leiicTBuTeIbHO, W3
PEIIeHusT YHCTO SIeKTPOCTATHIECKON 3a1adn, B KO-
TOPO# HE YYUTHIBAETCH HU TEeHEPAIWs B CTPYKType
doTOBO3OY K ICHHBIX OOBEMHBIX 3aPSI0B, HU MTPOTEKA-
Hre (POTOTOKOB, CJIEYET, U4TO MPU JAHHON MeOMeTpHH
SJEKTPUIECKOE TTOJIe 3HAUUTETHHO YCUIUBACTCS BOIN3U
Kpas OTBEPCTHUS W3-32 IIEKTPOCTATUIECKONW KOHIIEH-
Tpaluu Ha Kpar Mmetasia. IIpu 3ToM B HANpaBIEHUN
OT Kpasi K IEHTPY OTBEPCTHS 3SIEKTPUUECKOE TIOJIe
OBICTPO yOBIBAET, TAK YTO €r0 HAMPAKEHHOCTb BOJIN3U
[IEHTpa MpeHedpexkuMo MaJja. Apyrumu croBamw,
SJIEKTPOCTATUYECKOE TOJIe B OTBEPCTHE MPAKTUIECKH
HE MPOHUKAET. DKCIEPUMEHT Ke, TPOBOJUMBIA B yCIIO-
BUSAX CTAIMOHAPHOTO (DOTOBO3OYIKIEHUS, TIOKA3HIBAET,
UTO TPU YBEIUYEHUW TMPUJIOKEHHOTO K CTPYKTYpe
BHEIITHEr0 SJeKTPUIECKOTO IO B IEHTPE OTBEPCTHUS
TaKzKe HADTI0JAETCA KPACHBIA MITAPKOBCKHUI CIBUT, XO-
TSI U MEHBINHUI, YeM Ha, Kpaio OTBepCcTus. KcrecTBeHHO
NPEAIONOKATh, YTO IIPU HENPepPBIBHOW ONTHYeCKON
HaKAdKe HA TJyOWHE NPOHUKHOBEHWS CBETa Ja3epa
(okomo 1 MKM) BO3HMKAET 3aMeTHAsS KOHIECHTDPAIIUS
HEPABHOBECHBIX CBOOOIHBIX HOCHTEEH 3apsia, 3a cueT
9ero IJIEKTPUIECKOe TIOJe HAYWHAET IPOHUKATH OT
Kpas OTBepCTUs K IeHTpy. B pe3ysibrare yBenmdnBa-
eTcsl, B YaCTHOCTH, OTBETCTBEHHAS 3a MTapK-3pQderT
JITSE TATIONTSAPHBIX SKCUTOHOB BEPTUKAIHHAS KOMITOHEH-
ta mong F,, 970 u OPUBOAUT K HU3IKOHEPIETUIECKOMY
KPACHOMY IITAPKOBCKOMY CIBHUTY. Y BeJIMUeHNE ODIIETO
HakjoHa 3aBucumocreii F(B) ¢ HAKAYKOW CBA3AHO C
YMEHBIIIEHUEM SHEPruu CBA3W IKCHUTOHA W3-3a SKPa-
HUPOBKU KYJOHOBCKOTO B3aWMOIEHCTBUASI C POCTOM
TIOTHOCTH  (POTOBO3OYKIEHHBIX HOCUTENel U  BO3-
pacTaHmeM OTHOCUTEIBHOTO BKJIAJAA IUKJIOTPOHHOMN
sHepruu. B mannoMm ciywae st HAC TOpas3io BaykKHee
TOoT (paKT, YTO B OOJACTH MAJbIX MATHUTHBIX TOJIEH
OTCYTCTBYeT TWIAaHTCKUIl CHHHNA CIBUT MAacmraba
HecKOMbKUX M3B, 0 Koropom coobmanocs panee B
pabore [1]. TTo-BumuMomy, 5T0 CBsi3aHO ¢ Bosee CTPO-
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Puc. 6. Bnusxue 3apsgosoro pasbanatca Ha noomu-
HECLEeHUMNIO B LEHTPe OTBEPCTUS B MArHUTHOM MNO-
ne: a — 3Heprus akcutonHoli nuvuu E(B) B ycno-
BUAX, BNAN3KMX K HEWiTPanbHOCTW, NpW pasHOl MOLy-
HocTn HapbapbepHoli Hakaudkn P,,, Py, = 60 mkBr,
F = 44 «B/em, T 1.7 K; 6 — osneprus E(B)
n 6 — 3eemaHOBCKoe pacuennenne AEz(B) nunun
JIIOMUHECLEHUNN B LEHTPe JIOBYLUKNA MpU pa3Holi Ha-
NPSXXEHHOCTU 3nekTpuyeckoro nons, P,, = 20 mkBT.
Ha puc. 6 ona ygobctea cpaBHeHus cepun noseneHus
CneKTpasbHbIX PaCLEenieHnii BMeCTe C NyHKTUPHbIMN
NPpsSIMbIMIA 411 HYNI€BOTO PacCLUensieHNsi pa3fBrUHYTbI MO
BepTukanu ¢ warom 100 mkaB

ruM COOJTIOJICHUEM DEeKMMa HEeUTPATbHOCTUA B IEHTPE
UCNOIB3YeMOIt JIEKTPOCTATUIECKOI JIOBYIIKU.

JL71st MPOBEPKU STOTO MPE/IITOIOKEeHNs OBLITH H3Mepe-
HBI CTIEKTPAJILHBIE CEPUY B MATHUTHOM TI0JI€ TTPU BaphU-
POBaHUM MPUIOKEHHOTO HAIpsizKeHns. Pamee OLLTO mo-
ka3aHo [20], 4T0 KOMIIEHCUPOBATH U3OLITOUYHBIE 3P bl
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[dunonsipHble 3KCUTOHBbI B NOTEHLMANIBHON JIOBYLLKE . . .

B KBAHTOBOI siMe, BADbUPYS MOIIHOCTH HAJ- U MOI0A-
pbepHOro (hOTOBO3OY K IACHUST, MOYKHO TOJIHKO TIPU YCIIO-
BUHM HE CJIUIIKOM OOJIBIIOTO MPUIOKEHHOTO BHEITHETO
SJEKTPUUIECKOrO TIOJsl. DTUM, B YACTHOCTU, OODACHS-
ercs TO, YTO B JAHHON pabdoTe K CTPYKType MpPUKJa-
JIBIBAETCST MEHBINIEe BHEITHEE K TPUIECKOE TIOJIE, UM
panee, B pabore [1]. B cHIbHBIX 9JEKTPUYECKUX HTOJIAX
KBAHTOBAas siMa 00g3aTeNbHO 3apsizkaerca. Vmmoctpu-
pyet 3tor ¢akT puc. 66, Ha KOTOPOM TTPUBEIEHBI 3aBU-
CHUMOCTH SHEPrUd IKCUTOHA OT MACHUTHOIO MOJST MDA
TPEX Pa3JIMYHBIX HANPAKEHUAX. BUIHO, 9TO TOJBKO B
JIOCTATOYHO CHUJIBHOM 3JIEKTPUYECKOM TOJIE TOSIBJISET-
Cs1 TUTAHTCKUI CUHUN CKAYOK B MAJIBIX MATHUTHBIX ITO-
ngx — 10 4 m3B npu F' = 23.4 kB/cm. Kourposb no
9KCUTOHY HA JIEPKON IBIPKE MOKA3BIBAET, YTO KBAHTO-
Basi sIMa, TIPU DTOM 3apsyKEHa: B O0JACTH CKAYKA, JIU-
Hust [h-3KCUTOHA OTCYTCTBYET U MOSBIISETCS] TOTBKO
IPU BBIXOJIE HA ODIILYIO sl BCEX TPEX 3aBUCHMOCTEH
npsMyIo ¢ HakjoHoM mpumepro 0.56 M3B/Ta. B mome
F = 11.3 kB/cm 310 npoucxonur B6au3u B & 0.9 T, a
npu F' = 23.4 kB/cm — B obmact B & 1.75 Tn. Takum
obpa3oMm, B MaruuTHOM moJie Boime 2 Tir BusHue mep-
MEHIUKYJISIPHOTO JIEKTPUIECKOTO TOJIsT F, Ha SHEPTHIO
hh-5KcUTOHA B TEHTPE JOBYIIKHA MPAKTUIECKU HUCYE3a-
eT: Cy/Isl TTO BEJTMYNHE CUHErO CKAYKA, SKCUTOHBI B KBAH-
TOBOII sIMe BO3BPAIIAIOTCS B PEXKUM TIJIOCKUX 30H. Bee
BBITJISIIUT TakK, OyaATO cpabaTbIiBaeT HEKHW BechbMa -
dexTUBHBIN MexaHU3M KpaHupoBaHus. MoKHO Tpe-
MTOJIOYKUTh, YTO B MATHUTHOM TIOJI€ CTATUYECKOE JJIEK-
TPUYECKOE TMOJIE MEPECTACT MPOHUKATH B IEHTP OTBEP-
CTHsA, TOCKOIbKY BOBJEYEHHBIE B IUKJIOTPOHHOE [BU-
skeHue (hoToBO30Y K IEHHBIE HOCUTE/IN MEPECTAIOT ObITH
JIEHCTBUTETHHO CBODOIHBIMHU.

Ob6paraer Ha cebst BHUMaHWe TOT (PaKT, 9TO B 00-
JIACTH CHHETO CKAYKa POCT SHEPTUH MPOUCXOIAT HEMO-
HOTOHHO C PE3KHMH H3MEHEHWAMH HaKTOHa. [Ipmdam-
HBI 3TOTO CTAHOBSATCS MOHSATHLIMU TP DOJIee TOIpPOO-
HOM PACCMOTPEHHWH JBOIONNAN CIEKTPa TIOMUHECIECH-
UM B MArHUTHOM mome 10 2 Thm — 3ra 9acTh Chex-
TPAIbHON CepuM TPU BHEITHEM 3JIEKTPUIECKOM TIOJIe
F = 23.4 kB/cM nokaszana Ha puc. 7a. B TakoM cuib-
HOM 3JIEKTPUIECKOM IMose ucxomHo, nmpu B = 0, nu-
uus mupokas (w &~ 3 M3B) u GeccrpykTypHas, a npu
B =05 Tnu B = 0.75 Tn nogasnsgercda cTpyKTypa,
CBsA3aHHAs, OYEBUJIHO, C KBaHTOBaHueM Jlanmay (cwm.
puc. 76). Ho yxe B mome 1 T ocraerca 3amonnen-
HBIM TOJILKO HU3MIWI ypOBEHBL JlaHmay, a mpu Iajb-
HelIeM yBeIWYeHUH MArHUTHOTO IOJs, B JHAIIA30He
1.5-1.75 Tn, nabmonaercs emie ogHa TPAHCHOPMAIIUS.
C cuHeil CTOPOHBI BBIMIE TO YHEPTUU TPUMEPHO HA,
0.5 m3B BeIpactaer miedo, a 3aTeM U JIUHUS, KOTO-
pas MOTOM CTAHOBUTCH AOMHMHMpPYomiei. OmHoBpeMeH-
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Puc.7. «a)
oTONOMIHECLEHLNIN B LIEHTPE NOBYLIKMN B 3aBUCUMO-
CTN OT MarHWTHOro nonsi: B pacTer cHuly Beepx ot 0
8o 2 Tn ¢ warom 0.25 Tn. CnpaBa BBepxy nokasaHa
OOMOMHNTENBbHO OBNACTb NMHUKM 3KCMTOHA HA NErKoii
abipke, pactaHyTtas B 40 pa3 no BepTukanu; 6) Beep
ypoBHeii JlaHaay Ha OCHOBaHMUN CMEKTPabHbIX JaHHbIX
npu B = 0.5 Tnu B = 0.75 Tn; Py 20 mkBT,
Py, = 60 mkBT, F' =234 kB/cm, T = 1.7 K

LinpkynapHo nonsipusoBaHHble CMEKTPbI

HO B CMIEKTpE BO3HUKAET JINHUS [h-5KcUTOHA (CM. pacTs-
HyTBIE 110 BepTUKATH (DPArMEHTHI CIIEKTPOB B IIPABOIt
BepXHel gacth puc. 7a). EcrecTBeHHO 0OBACHATH 3TOT
5ddeKT npeBpalieHneM CBI3aHHOTO (3aPAZKEHHOT0) K-
cuToHa B cBOOOAHDIH. ToUHO Takast ke TpaHcdOpMaIns
HaOJTIOACTCS TIPU TIePeX0/ie OT 3aPAZKEHHOI'O COCTOsi-
HUSI B HEUTPAJbHOE C YBEJIMYEHWEM MOITHOCTH (POTO-
BO30Oykmenust or 15 1o 20 MxBT B ycioBusix, mpuse-
JEHHBIX /s puc. 1.

Ha puc. 76 Toukamu moka3aHo MOIOKEHNE MAKCUMY-

MOB JiHHUH B 0

- U 0 -TIONgpU3aIugx, a Beep ypoBHet
Jannay ¢ AE = hw. = heB/m*c noctpoen B mpej-
MONOKEHNN, 9TO MACCA TACTHILI COBOATAET C MACCOM

snexkrpona B GaAs: m. = 0.066mg, rae my — macca
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C¢BOOOIHOrO dMeKTpoHa. BUaHO, 9TO MOTYyYIeHO HEermIo-
XO€ COBIAJEHNE TEOPWH U SKCIepuMeHTa. Takum 00-
pa3oM, B JAHHOW 00JACTH MArHUTHBIX TOJEeH KBAHTO-
Basl sIMa 3aMOJIHEHA TJIABHBIM 00PA30M SJIEKTPOHAMM.
Ucxons w3 mMOKA3aHHBIX HA, PUC. 70 3HAYEHUN SHEPTUN
JIHA 30HBI pa3MepHOro KBaHnToBauus Fgy n sueprunm @ep-
vu Ep, KOHIEHTpAIUs 37eKTPOHOB COCTABIISIET N, =
=2m.(Er — Ep)/mh? ~ 1.9 - 10! cm~2. U3 Toro dax-
ta, uro yxe npu B = 0.5 Tn nabmomaercs KBAHTO-
Banwue Jlammay, ciaemyer, 9TO BpPeMsi JIEKTPOHHON DPe-
nakcanuun T > w,l ~ 6.6 - 10713 c. Tlosromy omuen-
Ka JJIsT TIOJBUYKHOCTH 3JIEKTPOHOB NAeT i = eT/m* &
~ 5.3 -10% cm?/B-c, uTo ABJsETCA MOATBEPIKIEHUEM
BBICOKOI'O KAYECTBA CTPYKTYPbI.

BaBucumocTu
AEz(B)

HATIPAKEHHOCTAX SJIEKTPUYIECKOTO TOJA MTPHUBEICHBI

3€€eMaHOBCKOI'O pacmernIeHnmnd

OT MAruuTHOrO TIIOJad IIPpH BbI6paHHbIX

ma puc. 66 Ecim B He#dTpasbHONU cuTyanuu, TPHU
F = 4.4 kB/cwm, cuunosoe pacuiersienue auzxke 1.5 Ti
KOMTIEHCUPOBAHO ¢ To4yHOCThIO £10 MK3B, TO B 3a-
PAXKEHHOI KBAHTOBOW dMe KOMIEHCAIUd 3aBeI0MO
OTCYTCTByeT W HAOIIOmaeTcss 0oee CIOKHOe IOBee-
une AFEy7(B), Koppeaupymolnee ¢ OCODEHHOCTSMU B
3apucMocTH 3Heprun E(B) M ¢ ONMHCAHHBIMHU BBHITIE
SBOJIIOIUSME B CITIEKTPAX.

4. BAKJIFOYEHUE

WccnenoBanbr ycmoBus KOMITEHCAIIMHA 3€€MaHOBCKO-
TO PACIIEMIEHNST B MAJIBIX MATHUTHBIX TOJISAX ST TIPO-
CTPAHCTBEHHO-HEMPAMBIX hh-3KCUTOHOB Ha TIKeIOM
JbIPKe B mUpOKoil kBanToBoii sime GaAs/AlGaAs, ko-
TOpbIe HAKATIJIMBAIOTCA B JATEPAJTBLHON MArHUTOIEK-
TPUYECKON MOTEHIINAJIHLHON JIOBYIIKE BOJIW3U IIEHTPA
orBepcrus B 3arBope [lorTkm HA OBEpXHOCTH TeTEPO-
cTtpykTypbl. OBHAPYKEHO, YTO BEJIUINHA KPUTHIECKO-
TO MarHUTHOTO TOMSA B¢, BBITIE KOTOPOTO TPOMAIAET
TIOJABIEHNE CIIMTHOBOTO PACIIENIeHUs, THHEITHO PacTeT
C yBeIWYeHWeM >KCHUTOHHOW IMJIOTHOCTH B JHMAIa30HE
B.=12Tn.

IIpupona scpdexra kKoMmeHcanun CBI3aHa ¢ OOMEH-
HBIM B3aWMOIEHCTBUEM B TIJIOTHOW BBIPOMKICHHONW 6O-
3e-CHCTeMe, COCTOAIECH U3 TEKTPUIECKA HENTPAIbHBIX
CBOOOMIHBIX JUTOMSPHBIX SKCUTOHOB. [KoMmencarms wHe
HaOJTIOIAETCS TIPU HAJUYUN B KBAHTOBOHN sIME€ HECKOM-
TTEHCUPOBAHHBIX HOCUTE N 3apsaia.

Konduryparms cKpemeHHbIX moeii B OTBePCTHN B
3arBope IIToTTKN — BEePTUKAIBHOIO MATHUTHOTO U Pa-
JUATHHOTO JIEKTPUUECKOTO — MOPOXKIAET JIBUKEHUE
SKCUTOHOB IO KOJIBIIEBBIM OPOUTAM BOKPYT OCH OTBEP-
crus. IloarBepzkaenuem ciayzKar a) pa3MbiTHe B Mar-

HUTHOM TIOJIé CHMMETPUIHOTO MPOCTPAHCTBEHHOTO PAC-
MPEIEICHUsT TSITeH JIIOMWHECIEHIINNH HEeMPSIMBIX SKCHU-
TOHOB B KOJIBIEBOH 3JIEKTPOCTATUYIECKOIN JIOBYIIKE HA,
Kpal OTBEPCTHS M 0) CYHNIECTBEHHOE YBEIWYEHNE B
MArHUTHOM [0JjI€ WHTEHCUBHOCTH JIMHUU JIIOMUHECIEH-
MU TUTOISIPHOTO hh-3KCUTOHA HA TSKEIOM IBIpKE B
neaTpe orpepcrusi. OOHAPYZKEHO, YTO JJIsi TAKUX K-
CUTOHOB TE€PMOJUHAMUYECKOE DABHOBECHE B CITMHOBOM
MTOJICUCTEME OTCYTCTBYET: MHTEHCUBHOCTD U3JTyYEHUST C
BEPXHEr0 36eMAHOBCKOTO MOy POBHSI BBIIIIE, YeM ¢ HUK-
HErO, a CIeKTpabHas MUPUHA — MEHBIIIE.

HabmomaemMbrit HeOOLIYHO OOTBLITION CHHI CBUT JIN-
HUW JIATIOISIPHOTO SKCUTOHA B JIOBYIIKE B MAJIbIX Mar-
HUTHBIX TIOJISIX — PE3yJbTaT COBMECTHOrO JIefCTBUs
CKPEIIEeHHBIX MArHUTHOTO U JIEKTPUIECKOTO MO u
HAJIMYHUs B KBAHTOBOW siME€ HECKOMITEHCUPOBAHHBIX 3a-
DSIOB.

C nenpio JATBHEHIIMX MCCISIOBAHUA CHCTEMBI
JIUTIOIIPHBIX KCUTOHOB B YCIOBUSAX, 0OJee OJIM3KUX
K TEePMOJMHAMWYECKH PABHOBECHBIM [0 CIIMHOBBIM
CTEMEeHAM CBODOIBI, CIEAYeT MOHNKATH 3(PPHEKTUBHYIO
TeMIepaTypy SKCUTOHHOU momacucreMbl. B kauecTre
BO3MOYKHBIX BAPUAHTOB B ITOM HAIPABIEHUN MOK-
HO YTOMSHYTH a) paszaenenue (POTOBO3OYKICHUS U
DErucTpalnyi BO BPEMEHW W/WJIN B MPOCTPAHCTBE W
6) mepexom K 0ojee JONTOKUBYIIMM IKCHTOHHBIM
cucTeMaM.

Aproper 6marogapust A. 1. Uneuny (UTITM PAH)
3a BBIMOJHEHUE SJIEKTPOHHOHN JuTorpadun npu moaro-
toBke obpasmos, B. /1. Kymakosckomy, . B. Kykyr-
xuny, A. B. Karokumny, B. JI. Kopernery u FO. E. JIo30-
BUKY 3a HOJIE3HbIE 00CYZKICHUS.

Pabora Bpmmonmena npu (GpUHAHCOBOH MOIIEPIKKE
P®OU, Tporpamwmer [pesuguyma PAH no manocTpyk-
typam u Ilporpammbr Otnesennst (puU3NIECKUX HAYK
PAH 1o cuibHOKOPPEIMPOBAHHLIM CACTEMAaM.
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