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9KCI‘IepI/IM9HTaJ'IbH0 nccnenoBaHbl TEMNEPATYPHAsA M MAarHUTONOMEBAsA 3aBNCMMOCT NMPOBOANMOCTM, 06yCJ’IOB—
NEHHON NPbI>XKKOBbIM TPAHCMOPTOM AbIPOK BAO/b ABYMEPHOro MaccuBa keaHToBbix Todek Ge/Si(001) ¢ pasnny-
HbiM (haKTOPOM 3anosiHeHnst Todek Abipkamu. Mpn noHmkeHnn TemnepaTypbl obHapy>keH nepexon OT 3aKoHa
Sdppoca — LLIknosckoro ans TemnepaTypHOl 3aBUCUMOCTI MpPbIXXKKOBOW MPOBOAUMOCTU K 3aKoHy Appenuyca c
sHeprueii aktusauyuu, pasHoii 1.0-1.2 maB. DHeprus akTnBaunm HN3KOTEMNEpPaTypHOI NPOBOAUMOCTM BO3pac-
TaeT C yBeJIYEHWEM MarHWTHOrO Nossi 1 HacbliwaeTcs B nonsx 6onee 4 Tn. ObHapyxeHO, YTO MarHUTOCONpPO-
TUB/IEHNE B CNOSIX KBAHTOBBLIX TOYEK SIBMISIETCSI CYLECTBEHHO aHW30TPOMHbIM: MPOBOAMMOCTb YMEHbLUAETCS C
POCTOM MarHWTHOTO MNOJS NPY OPUEHTALMMN MONS NepreHANKYASPHO CNIOK KBAaHTOBLIX TOYEK U YBEIUYNBAETCS
B MarHUTHOM MOJI€, BEKTOP KOTOPOro JIEXUT B MAOCKOCTN 0b6pa3ua. ABCONtOTHbIE BENMYMHBI MarHUTOCONPOTUB-
NeHNs NpU NEpneHanKyAspHO 1 NPOAOSbHOV OpPUEHTaUNsX NOMsi pa3nnyatoTcs mexay coboii Ha 2 nopsigka.
MonyuyeHHble 3KCNepuMeHTanbHble pe3ynbTaTbl ObBLACHEHbI B paMKax MOZENN MHOrO4aCTUYHbLIX KOppensiuuii
JI0KaJIN30BaHHbIX B KBAHTOBbIX TOYKAX AbIPOK, NPUBOASLWMUX K (DOPMUPOBAHNIO NEKTPOHHBIX MOJSIPOHOB B ABY-
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MepHOli HeynopsiioHeHHOl cucrteme.

PACS: 73.63.Kv, 73.21.La

1. BBEJEHUE

Ecnu comporuBiienue aBymMepHOW HEYNOPSIO0UEH-
HOHM CHUCTEMBI MHOTO OOJIBbITIE BEJIUYIUHBI, OTpPeJIesIsie-
MOii KBaHTOM compoTusienus h/e?, rme h — mocto-
aunas [lnanka, e eIMHUIA STEMEHTAPHOrO 3apsi-
Jla, TO CHCTeMa HAXOIUTCS HA JINITIEKTPUTECKONW CTO-
pOHe Tepexojia MeTasLI — M30JISITOD, U ee TPOBOIUMOCTD
0 CTPEMHUTCS K HYJIO C YMEHbBIIEHWEM TeMIIEPATYPbI
T. Bormpoc 0 BAUSHUM MEYKIJEKTPOHHOTO B3amMOeH-
CTBUSI HA TPOBOIUMOCTH IBYMEDHBIX CHUCTEM, OYIydu
BCerJa akTyaJbHBIM, B IOCIEIHEE BPEMs BCTAJ OCO-
OEHHO OCTPO TOCTe HeJaBHeHl OyPHOW AUCKYCCHH O Cy-
IIIECTBOBAHUY MEPEX0a MeTaI— N30JITOP B JAByMep-

*E-mail: yakimov@isp.nsc.ru

7 7KIOT®, Bein. 4

HOM ciiy4ae. Pojb KOppersinmuoHHbIX 3P (EKTOB TOK-
Ha OBITH OCOOEHHO 3HAUYMMA Ha JUIIEKTPUIECKON CTO-
POHE Mepexo/ia MeTalI — U30IATOP, MOCKOIbKY JTOKAJIH-
30BAHHbBIE HJIEKTPOHHBIE COCTOSAHUST MaT03(hDEKTUBHBI
B TIPOIIECCAX SKPAHUPOBAHUS MO CPABHEHUIO C PACIPO-
CTPAHEHHBIMU COCTOSTHUSIMU.

Wccnenopanns GpyHIaMEHTATBHBIX ACIIEKTOB TPAHC-
mopTa 3apsa, KyJOHOBCKUX W CIIMHOBBIX KOPPEJSIUi
B TOJYIPOBOJHUKOBBIX HAHOCTPYKTYpPAX CO31ai0T Ha-
3y [Jisi PA3BUTUS HAHOIJIEKTPOHUKH — OJHOTO U3 CO-
BPEMEHHEUITUX HATPABJIEHNH (DU3UKU U TEXHUKU HJIEK-
TPOHHBIX TPHOOPOB HAHOMETPOBLIX pa3MepoB. JI st BbI-
SIBJIEHUST OCHOBHBIX 3aKOHOMEPHOCTEH MPOIECCOB IBY-
MEPHOTO MEPEHOCA 3aPsIa, & TAKYKE POJIN KYJIOHOBCKUX
KOPPeANnuil B CUCTeMe JIOKAJTU30BAHHBIX MEKTPOHOB
HAWTY9IIAM 06PA30M MOAXOIAT CJIOU CAMOOPTaHU3YTO-
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mmxcst kBauToBbix Touek (KT), momyuenubix B pesyib-
TaTe TeTePOINMUTAKCUN YIPYTO HAMPSZKEHHBIX CHCTEM,
NOCKOJIbKY 1) B ¢Bsi3u ¢ 0cOGeHHOCThIO 3nuTakcun KT
JIEZKAT TOYHO B OJHOM MJIOCKOCTH (IJIOCKOCTU POCTA) U
OTCYTCTBYET (haKkTOpP OECTOpsiIKa, CBSI3aHHBIN C HEYTIO-
PAIOYEHHOCTHIO B BEPTUKAJIHLHOM HAMPABJICHUN HAHO-
crpykTypbl (B Hanpasienuu pocta); 2) Beogd B KT
9JIEKTPOHBI JIUOO JIBIPKH, MOKHO KOHTPOIUPYEMO MO-
JIy4aTh aHCAMOJIN JIOKATU30BAHHBIX HOCUTE EH 3apsiTa
B 3apaHee W3BECTHBIX KBAHTOBBIX COCTOSHHUAX W C 3a-
paHee U3BECTHLIMU BOJIHOBbIMU (DyHKIMsAMU; 3) B OT-
Jinane OT OOBITUHCTBA TPUMECEil B MOy TPOBOJHIKAX
vaccneel KT MOTyT BBRICTYmAThL KaK CHCTEMa MHOTO-
3apsIHBIX [EHTPOB JOKAJIM3AMNUN, B KOTOPOH PO Ky-
JIOHOBCKWX W CIIWHOBBIX KOPPEJsIuii Hanbosee cye-
CTBeHHA; 4) TOCKOIBKY, KaK MPABUJIO, OTHOIIEHUE BhI-
COTBI K JIATEPATHLHOMY Pa3Mepy B CAMOOPTAHU3Y OIIHX-
cag KT MHOro MeHbIe eauHnIbl, B OTANYHE OT IpPHUMe-
ceit BostHoBbIe (byHKIMN HOcuTesneil B KT cuibpHO amu-
30TPOMHBL ¥ UMEIOT JIBYMEPHBIH XapakTep.

IIpocreiiimum nposgBieHHEM KOPPETATHOHHBIX -
dexToB siBysiercst (popMUPOBAHUE KYJTOHOBCKOM /N
B CIIEKTPE JIOKATU30BAHHBIX COCTOSTHUI HEYOPSIIOUEH-
HOIl cucTeMbl Oaromapsi JadbHOAEHCTBYIOMEH dacTh
5JIEKTPOH-3JIEKTPOHHOTO B3anmozedicTeus [1]. Oanako
OIHO3JIEKTPOHHAsT MoAeah Jdpoca— ITIKI0OBCKOTO He
YUUTBIBAIA BO3MOYKHBIE MHOTOYACTHIHBIE KOPPEISIIIH
MEPECKOKOB 3JIEKTPOHOB, KOT/Ia, HATPUMED, MapasIIeh-
HbIE WA TOCIEI0BATEIbHBIE BO BPEMEHU TIPBIKKHA O/I-
HUX 3JIEKTPOHOB Ha HEOOBINHE PACCTOAHMS OOerda-
0T TIepeJIBUKEHIEe IPYTUX JEKTPOHOB HA JTHHHbBIE JIH-
CTAHIINN, CHUYKAS CBOWUM KYJOHOBCKUM TIOTEHIINAJIOM
COOTBETCTBYIOIINE SHEPreTHIecKue Gapbepbl HA MyTH
nporekadus Toka. OJHUM U3 BOZMOYKHBIX MPOSIBICHU
MHOTOYACTUIHBIX BO30YZKIEHUH SABJIAETCS (DOPMUPOBA-
HUE B CHCTEMe 3JIEKTPOHHBIX TOJISIPOHOB — <ITyObI»
13 TOJISPU30BAHHBIX TIAD JIOKAJTU30BAHHBIX COCTOSIHUM,
yBJIEKaeMO# 3a co0O ABUIKYIITUMCS MO MEPKOISIITHOH-
HOMY KJIACTepy 3JeKTPOHOM [2, 3].

B macrosmeit pabore mpoBeIeHBI UCCTETOBAHUS
MPBIZKKOBOIO TPAHCIOPTA JBIPOK B JIBYMEPHBIX MACCHU-
Bax KBaHTOBLIX Touek Ge/Si(001). Amanm3 remmepa-
TYPHBIX U MarHUTOIOJEBBIX 3aBUCHMOCTEH HU3KOTEM-
nepaTypHOil MPOBOJAMMOCTHA CBUIAETEIHCTBYET O HAJIU-
UMM MHOTOYACTUYHBIX KYJOHOBCKUX KOPPEJISIUil IbI-
poxk, mokamu3oBaHHbIX B KT.

2. METOINKA SKCIIEPIMEHTA

Cxema CTPYKTYpP, € KOTOPBIMH MPOBOJUIUCH OIIbI-
Thl, mpuBejgeHa Ha puc. 1. OOpasnbl BBIPAIIUBATIUCH

Ocrpoeku Ge

Al Al

200 um i-Si

10 um i-Si

[\

50 um i-Si

IMoxnoxxka Si (001)
10" em®B

Puc.1. Cxematnyeckoe n3obpaxeHue obpasuos, uc-
NOSb30BAHHbLIX ANS W3MepeHuli NpOBOAUMOCTU C/O-
es KT

METOOM MOJIEKYJISTPHO-JIYYEBO SMUTAKCUU HA yCTa-
Hopke tuna «Karyuby», pazpaborannoit 8 UOIT CO
PAH. B kauecTBe NOIJIOZKEK HCIOIBL30BAJIACH IJTACTH-
HbI Si ¢ opuentanueit (001) v yaeabHBIM CONPOTHBIIEHH-
em 20 Om-cm, stermpoBaHHbIe GOPOM 10 KOHIIEHTPAIINN,
pasnoit mpumepno 104 em 3. Ilepen 3arpyskoii B smu-
TAKCHAJIBHYIO KAMEPY MOIIOKKN MPOXOIUIN TTPOIIECC
00€e3KUpPUBAHUS B AIleTOHE W HAHECEHWs] MOBEPXHOCT-
HOTO OKHCJIA TONIMHOHA 0Ko1o 10 A yTeM TpaB/IeHUdA
B pactBope HyOo:HNO3:H50. Tlocne 3arpy3ku B smu-
TAKCHAJIBHYIO KAMEPY TLIACTUHBI HATPEBAIUCH O TEM-
neparypbl 800 °C u BbIIEP:KUBAIKUCH B MOTOKE KpPeM-
Hus, emmaunoit npumepro 1013 ar/(cm? - ¢), B Teuenne
Tpex MUHYT. UnCTOTa MOBEPXHOCTH KOHTPOJUPOBAIACH
MpU TOMOIIY AUPPAKINY OBICTPBIX JIEKTPOHOB. [Tpoii-
JIsE TPEIPNUTAKCAATBHYI0 00pabOTKY, MOMJIOKKH Iepe-
IPYZKAJINCH B POCTOBYIO KaMepy.

Caoit Ge Tommmwoit 8 Morocoen (mpumepro 10A)
BBOJIMJICST BHYTPb BBIPAIIIEHHOTO HA TIOIJIOYKKE TOJIITH-
uoii 250 am cnos Si npu remneparype 300 °C Ha pac-
crosgaun 200 HM or ero moBepxHocTu. Cynusi mo Kap-
THHEe TUMPAKINAN OBICTPHIX JTEKTPOHOB OT TIOBEPXHO-
cTu OcTPOBKOBOH meHku Ge, dopMupylomuecss B pe-
xkume pocrta Crpanckoro—KpacranoBa repmanueBbie
HAHOKJIACTephl nMenn (opmy mupamu. Mccregosanus
CTPYKTYPBHI € TIOMOIILI0 BBICOKOPA3PEIIAOIIEH JeK-
TPOHHON MUKPOCKOIUHU TTOKA3AJN, YTO CPEJIHUE Pa3Me-

818



MITD, Tom 127, Bom. 4, 2005

[MpbI>kKOBasi NPOBOAMMOCTb U KYJIOHOBCKME KOPPENAauui . . .

Puc. 2. /1306pa>keHune nonepeyHoro cpesa CTpyKTypbl,

nosy4eHHOe C MOMOLLbI BbICOKOPa3peLlatoLeii dnex-

TPOHHOI Mukpockonuu. TemHble obnactm — oCTpoOB-
kn Ge

DBl OCHOBaHUs HaHOKIAcTePOB Ge B IJIOCKOCTH POCTA
cocTaBisaau 12 HM, BBICOTA MTPUMEPHO 2 HM, CJIO€Bas
MJI0THOCTE HAHOKJIACTEPOB Nyg & 3-10"" cm~2. Uz06pa-
JKEHUe TI0NEPEeYHOr0 cedeHus rerepocTpykrypbl Ge/Si,
TIOYyYeHHOe € TOMOIIBIO BBICOKOPA3PEIIAIONeit 3IeK-
TPOHHOW MUKPOCKOMNN, MPUBEIEHO HA PUC. 2.

KonTpoanpyemoe 3anonnenue ocTpoBKoB (Ge IbIp-
KaM¥ OCYIIECTRISAIOCH TIYTEM BBEJEHWs B oOpaserl
d-7IerupoOBaHHOTO DOpoM ctosi Si Ha paccrosaun 10 HM
uHuzke cnosi octpoBroB Ge. TTocKoMbKY SHEprus WOHU-
3annm npuMmeceii 6opa B Kpemuuu, Fp, COCTaBiser
Bcero 45 M3B, a sHeprum 3aseraHus MEPBHIX IECATH
ypoBHe# nbipox F; B repmanmebix KT Ttakoro pas-
Mepa, OTCYMTAHHBIE OT MOTOJKA BAJIEHTHOW 30HBI Si,
200-320 m3B [4], mpn TemmepaTypax HUXKe KOMHATHOMN
JBIPKHU, YXOs ¢ mpuMeceii, 3acenaror yposan B KT. Bor-
JIO CeNTaHo ABa OMBITHBIX obpa3na ¢ KT, B ogHOoM KOH-
HeHTpaIns 6opa B JeabTa-cJi0e COCTABIAIA TTPUMEPHO
6.9-10'" em 2, Bo BTOpoM — mpuMepHO 8.4 - 10 ¢
[Tporesenmbie pactueTsl Ha OCHOBE DENIEHWsST CHCTEMbI
ypasuenwuii [Iyaccona n 371eKTpOHERTPATHLHOCTH, & TaK-

M2,

JKe CTATHCTUYECKOrO PACIPE/IEIeHUs ABIPOK 110 SHEPre-
TUYECKUM YPOBHSIM B CHCTEME TOKA3aJM, 9TO CPeIHee
YUCIIO ABIPOK (haKTOp 3amoaHeHus V), TPUXOIAIIUXCS
na omgay KT, cocrasisimo 2.3 u 2.8 m1sa pa3abix odpas-
moe. Cucrema zapsizkenubiii cnoit KT — 3apsizkenHbrit
cioit §-Si:B MmomempoBaiach MaOCKUM KOHIEHCATOPOM,
paccTosTHUe MEK Ty OOKJIaIKaMu KOTOPOTo d PaBHO pac-
crostamio Mexkay cinoem KT u 6-Si:B. Tlpu pacuere dak-
TOPA 3AMOJHEHUS I YUUTHIBAINCH EPBIE MATH COCTOS-
HUll IBIPOK B KBAHTOBBIX TOYKAX, KOTOPbIE OLLINA OTpe-
Jesierbl padee B pabotax [4, 5|. Kpome Toro, cauranocs,
410 Temneparypbl HacToabko Husku (kT < E;), uro
CBODOIHBIC IBIPKU B BAJICHTHON 30HE OTCYTCTBYIOT. Pe-
AIACH CJIEYIONAsl CHCTeMa YPAaBHEeHUI:

~ 1+0.5exp[—(Eg —er)/kpT]’

nB

819

IN,a
Ngd = )
! 1;5 1 +exp[(E; —er +u)/kpT]
d
= lad® , Ngqd +nB = Np,
KEp

rme kp — mocrosinnas BombiMmana, ng — KOHIIEHTPa-
UM JBIPOK, OCTABIIMXCS HAa MPUMECHBIX aroMax 0o-
pa, ngg — KoHIeHTpauus AbIpok B ciaoe KT, N —
cloeBast KOHIEHTpamus 0opa B J-Cjloe, € — ypPOBEHb
Qepmnu, u — snekTpocTarndeckuii morennuas cmos KT,
go = 8.87-107!2 ® /m — abcomoTHas qu3IeKTpUIeCcKas
MPOHUIIAEMOCTh BaKkyyMma. Pe3yabTaThl pacyueTroB MpH-
BeseHbl HAa puc. 3. VIMEHHO U3 5TOro pucyHKa OIpeje-
nancst paxrop 3anonnennsa KT apipkamMu B ¢IeIamHbIX
obpasmax.

CTpyKTyphbl H3rOTABIUBAIUCH C IOMOLIBIO POTOIH-
Torpaduu B BHIE XOMTOBCKAX MOCTHKOB. Ims ¢op-
MUDOBAHWS KOHTAKTOB TMPOBOIUIOCH TPABJIEHUE CJIOS
Si va rayouny 0.15 MrM. 3aTeM B BaKyyMe HAIbBLISI-
Cs1 aMIOMUHUN U OPOBOAMJICS OTZKUL LIPU TEMIIEpaType
600°C.

KonTpons cocraBa ocTtpoBkoB Ge Tpu  MOMOIIN
CIEKTPOCKOINK KOMOUHAIIMOHHOIO PACCESIHUS CBETa [10-
ka3ayg, 49ro noas Ge B OCTPOBKAX COCTABJISIET MPU-
mepuo 70%. Jlna ompeneneHns KOHIECHTPAIAU Je-
CUPYIOIEeH IPUMECH OPUMEHSIACh BTOPUYHO-UOHHAS
MacC-CIeKTPOMETPHs.

Hapsimy ¢ obpasmowm, comepxkammm KT Ge, 6pu1a
BhIpallleHa CepUsl KOHTPOIbHBIX 00pPa3loB, B KOTOPBIX
cioit Ge orcyrcrBoBas. B KOHTPOIBHBIX 00pa3ax KOH-
HeHTpanus 60pa B -JIermpoBaHHOM CJI0€ Si BapbUpPOBa-
nace B uaTepsaie or 1.8-10'2 ecm~2 o 4.2-10'2 em~2.

v

6 I III;IIIIIIIII;IIIIIIIII‘

|}
5r u :
- . <4
-
ar - .
- L <4
| |
3r L R
u
L - |
2F ] .
- L] <4
| |
1 = i
- L 4
| |

n 1 n 1 n 1 n 1

0 1 2 3 4
Ngp,10" cm—2
Puc.3. PacuertHas 3aBucumocTb pakTopa 3anosnHe-

Hua KT gbipkamu oT koHueHTpauuun Gopa B d-cnoe.

Pacctosnune wmexgy cnoem KT Ge wu d-cnoem —

10 Hm. PesynbraThl He 3aBUCAT OT TemnepaTypbl npu
T <20 K

7*
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M3mepennst TpOBOANMOCTH OCYIIECTBIANUCEH B ILTa-
HAPHOW reoMeTpun (BIOJIb CJI0S KBAHTOBLIX TOYEK)
C TIOMOIIBI0 YETHIPEXTOYETHOTO METOJA Ha MOCTOSH-
HoM TOKe B mHTepBase temmneparyp 1.5-20 K. Mar-
HUTOCOTIPOTUBJIEHNE W3MEpSJIOCh B MOCTOSTHHOM Mar-
HUTHOM moje 10 mome#t 5.5 T, mepneHauKyIapHOM
(H -opmentamus) u napannenbaom (H-opuentanus)
MIIOCKOCTH CTPYKTYphI. B mocmennem crnydae MarHuT-
HOe ToJIe OBLIO HATTPABJIEHO MapaJIeILHO JUO0 MepIeH-
JAKYISIPHO SMEKTPHICCKOMY TOKY.

3. SKCIIEPUMEHTAJIBHBIE PE3VJIBTATBI
n NX OBCY2XKJAEHUNE

3.1. TemnepaTypHas 3aBUCUMOCTb
IPOBOAMMOCTUA M MarHUTOTPaHCOOPT B
cTpyktypax 0-Si:B

HaH_H/I n3MepeHund noxKasaJjanu, 9YTO 3aBUCUMOCTDH ITPO-
BOJIUMOCTHU 0 OT TeMHepaTypr T JJId BCeX KOHTPOJIb-
HBIX 00pasnoB, He cogepzkamux (Ge-HaHOK/IaCTepos,
nomunHsAeTCs 3aK0Hy Ddpoca— [IIKI0BCKOTO

>1/2

c (0.3-3) - 1072 K/Om u T} 600-1000 K
(puc. 4), CBHIETEIBCTBYIOMIEMY O MPOSIBJICHUN Me-

T
T

—Wexp —<

o(T) =1 (1)

XaHN3Ma MPBIZKKOBON NPOBOJAUMOCTHA C IE€PEeMeHHON
JUTMHON TPBIZKKA B YCJIOBUAX CYIIECTBOBAHUS «MST-
KO¥i» KYJIOHOBCKO# IIEIN B TJIOTHOCTU TIPUMECHBIX CO-
CTOSIHHUH JIBYMEDHO# HeymopsimodeHHoit cucremsr [6].
[To-BuauMoMy, B KauecTBe TAKOH ABYMEPHOH CHCTEMBI
B JAHHOM CJIyYae BBICTYMAET J-JIETMPOBAHHBIN GOPOM
cyoit Si.

Ha puc. 5 npuBeeHbl TUIHYHBIE MATHUTONOIEBbIE
3aBUCUMOCTH COMPOTUBJIEHUS JJIst OJHOTO U3 KOHTPOIb-
HBIX 00pa3IoB (KOHIEHTPALUsA 00pa B 0-JIETUPOBAHHOM
croe 3.6 - 101 em™?). MarauToCOnpoTHBIEHHe XOTh U
HE CUJIBHO DPA3IUYAeTCd [Jis PA3TUYHBIX OPUEHTAIW
T0JIs1, HO BCe-TaKW HEOJNHAKOBO ¥ TIPEJICTABISIET OO0t
KOMOWHAIWIO BYX BKJIAJOB pa3anvroro 3uaka. Orpu-
[aTeIbHOe MATHUTOCOIPOTUBIIEHNE, TI0-BUINMOMY, CBsi-
3aHO C TIOJABJIEHNEM B MATHUTHOM IOJI€ «JI€CTPYKTHUB-
HO» WHTEP(EPEHIINN PA3INIHBIX «TPAECKTOPHT> TYH-
HEJIUPOBAHUSA, BKIIOYAIONINX AKTHI IOI0APbEPHOTO Pac-
cestaus [7, 8]. Tlo cyTu 9T0T MexaHW3M BO MHOTOM IIO-
XOK HA MEXAaHW3M OTPUIATETHHOIO MAarHUTOCOMPOTHB-
nennsi npu audHY3UOHHOM TIePEeHOCe 3apsaa B PEyKH-
Me c1aboil ToOKaMM3annu W CBI3aH ¢ n3MeHeHueM ¢a-
3bI BOJTHOBOM (DYHKIIMU B yCJIOBUSIX, KOTJA MOYKHO TO-
BOPUTH O KOT€PEHTHOCTU TYHHEIBHOIO MPOIECca ¢ yue-
TOM paccesinus Ha npumecsx. [omoKuTeTbHBIA BRI

820

ag
1073

~

1074

1076

1077

10710 -

. 0.8
/1‘!71/27 K71/2

Puc. 4. 3asncumocts kKombuHauun o7, rae o — npo-
BogumocTte, T — Temnepatypa, ot T~ '/% gns Kow-
TponbHbIx 0bpa3uos §-Si:B, He copepxkawux repmaHu-
€Bbleé KBAaHTOBbIE TOYKM. DKCNEPUMEHTANbHbIE AaHHbIE
NOCTPOEHbI B NOAYNOrapudMn4eckux KoopgmHaTax

AR(H)/R(0)
0 T T T T T
—-0.01
—-0.02
—0.03
, 1 , 1 ,
0 1 2 3
H, Tn

Puc.5. OTHocuTenbHoe n3meHeHne CONpoOTNBNEHNS B

MarHMTHOM roOJie Pa3sIM4HOl OpUeHTaunn ANnsi OJHOro

13 KOHTPONbHbIX 0OPa3LOB, HE COoAEpXKalnX KBAaHTO-

Bole Toukn Ge. Temnepatypa usmepernii 4.2 K. Kon-

ueHTpauns bopa B AenbTa-NernpoBaHHOM C/I0€ paBHa
3.6-10"% cm 2
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00y CJIOBJIEH «CZKATHEM» BOJHOBBIX (DYHKIIWH JIOKATH30-
BAHHBIX HOCUTENIEH 3apsaa B HATPABIECHNUAX, TIEPIEHTH-
KyJISIDHBIX HATMpaBIeHnio MarauTHoro nons [9, 10]. B
pe3yabTaTe TAKOTO «CIKATHS» CHUZKAETCS CTENEHDb mepe-
KPBITHS BOJTHOBBIX (DYHKIIWI HOCUTE e HA PA3TUIHBIX
VIATEHHBIX JIPYT OT JIPyTa y3JaX W TMOPOT MPOTEKAHUS
B CHCTEMeE C/IBUTAETCs B CTOPOHY OOIBIINX 3HAYEHUM.
JlonoTHUTETbHBIE SKCIEPUMEHTHI MOKA3AIM, YTO AHU-
30TPOMNHUS MATHUTOCOTTPOTUBRICHUS PACTET TTPU TTOHMIKE-
HAW TeMTEePATyPbI, OTHAKO, TOCKOIBKY OTHOCUTETbHAS
BEIMYMHA MATHUTOCONPOTUBJICHUS B KOHTPOJIBHBIX 00-
pasuax maJja (mopsika HeCKOJIBKUX TPOIEHTOB), BO3HU-
KaeT mpobJIeMa CTAOUIN3AINN TEMIIEPATYPhI JIJIsT TTOJIY-
qeHns KOPPEKTHBIX KCIEPUMEHTATbHBIX JAHHBIX TPH
T <4K.

3.2. 3aBucuUMOCTh MPOBOAUMOCTHA OT
TemnepaTtypsl B o6pasnax Ge/J-Si:B ¢
KBAHTOBBIMHU TOYKaMU

W3amepenust reMmepaTypHOl 3aBUCHMOCTH TTPOBO/IH-
MOCTH, BbITOTHEeHHBIe N7 00pasnoB ¢ KT Ge, noka3a-
JIA, 97O 715 000MX 0OPA3IIOB MPU TEMIIEPATYPAX BBIIIIE
T. = 4-5 K n1poBoAuMOCTH TIOAUIUHSIETCST 3aKOHY DPPO-
ca— IIknoBcKOTrO

o(T) = oo exp|— (T /T)"/?]

C He 3aBHCAIIUM OT TEMIEPATYPbI IPEIIKCIOHEHIIUA b
HBIM MHOYKHTeNIeM oo opsazaka e /h. Tak, og = 2.5¢2/h
n Ty = 220 K gns obpasma ¢ dpakTopoM 3armosHe-
g v = 23 u o9 = €2/h u Ty = 100 K ana o6-
pasma ¢ v = 2.8. [Ipumep Takoro moBemenusi s 06-
pasma ¢ (paxkTopoMm 3amoiHeHusd v = 2.8 pUBEIeH Ha
puc. 6. YHuBepcaabHast BeJIMUYUHA IPEIIKCIOHEHINA b=
HOro MHOZKUTENs (nopsajka e?/h) Gblia panee mpecKa-
sana B padbore Ko3yba, Bapanosckoro n [Tlanmaxka [11]
U SBJISETCSA ONHUM W3 TPU3HAKOM HAJWUUS TOCTIEI0-
BaTe/bHLIX MHOIO3JIEKTPOHHBIX KYJIOHOBCKUX KOPPeJisi-
Wil B CUCTEME.

ITpu moHWKEHUM TeMTEepaTyPhl 3aBUCAMOCTD TTPOBO-
JMMOCTH OT TeMmileparypbl ycunusaercs, u nupu 1 < T,
MPOUCXOIUT TIepexost oT 3akona Jdpoca — [IIKI0BCKOTO
K 3aK0oHy Appenunyca

o(T) =opexp(—E,/kpT).

9T0 ABIeHWE HAMOOIEe HATIISIIHO BUIHO Ha 3aBUCHMO-
CTW JIOKAJBHOI YHEPTUH AKTHBALINU TPOBOANMOCTH OT
remneparypbl (puc. 7). B ofem ciyuae remneparyp-
Hast 3aBUCUMOCTH MPBIKKOBOI MPOBOIUMOCTH OMTUCHIBA-
eTCs BBIpAYKEHUEM

o(T) o exp[—(T1/T)"].

o, Om~ 't 1
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T-1/2 g-1/2
0 0.2 0.4 0.6 0.8

1075

10~

107"

108

0.8
71 K!

Puc.6. 3asucumoctb norapucdma nposogumMoctu ot

T2 (sepxusisn oce abcumcc) w T~ (Huxuss ock

abcumncc) pnsa obpasuya ¢ keaHToBbIMU To4kamu Ge u
dakTopom 3anonHerus v = 2.8

W, m3B

T.=40K

y=23_o00 0"
I g uEE gy gEg -
v =28
T.=5K
1 10 T,K

Puc. 7. 3aBncnmocTb SHEPrum akTUBaLUN NPbI>KKOBOI

nposogumoctu W = dlno/d(1/kpT) = xkgT ' " T{

OT TemnepaTypbl, NOCTPOEHHAsi B ABOWHbIX norapud-

MN4YECKNX KOOpAMHaTax. CI'I]'IOLIJHbIe JANHNN — annpokK-

cumauns akcnepumenTansHbix ganHbix W(T') soipaxe-
Huem (2)
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DHeprusi AKTUBAIIY OMPEIEISIeTCs] KaK AR(H)/R(0)
Olno o 4 1.53K |
W= 301 knT) wkpT' Ty, (2) opuentaus H 181K

B pamkax takoro momxoma
IgW(T)=A4+(1—-2)lgT n A=Ilg(zkgTy).

Crposi lg W (T') xax dbyunkmuo lg T, u3 makmona mps-
MO MOYKHO HAUTH BEJIMUNHY TTOKA3aTeNsd T, OMUCHIBAIO-
IIEr0 TEMIIEPATYPHYIO 3aBUCUMOCTH npoBogumoctu. Ha
puc. 7 BUJHO, 9YTO MPHU BBICOKUX TEMIEPATYpPaX HEP-
IUsi AKTUBAINN YMEHBINAETCs ¢ TOHuKeHueMm 1) T.e.
peanu3yercs PeKUM MPbIZKKOBOU MPOBOIUMOCTH C II€-
pemMenHo# quHON nphiKKa. [Ipu Temmeparypax menee
T. =4 K gna obpasna c v = 2.3 u T, = 5 K gma o6-
pasmna ¢ v = 2.8 sHeprus aKTUBAIUNA MPAKTUYIECKU Tie-
pectaer 3apucerb oT T'. OCODEHHO OTYETIUBO ITO MPO-
SIBJIIETCST B TIOCTETHEM CIydae. AmmpokcuManms 3Kc-
nepuMeHTATbHBIX ganubix W (T') Beipaskennem (2) mpn
T > T, (couomsble TUHAM HA PUC. 7) JaeT HoKa3aTe-
m z = 0.52+0.03 uwa = 050+ 0.03 g1a o6pas3nos
COOTBETCTBEHHO ¢ v = 2.3, 2.8. DTO 03HAYAET, UTO T
JIefiCTBUTEIHLHO MEHsieT CBOe 3HadeHue ¢ © = 1/2 Ha
T &~ 1 Opu OXJIAYKIEHUU CUCTEMBI.

3.3. MarautoconpoTuBJieHre B obpas3Irax
Ge/d-Si:B ¢ KBAaHTOBBIMU TOYKAMHA

MaruuToconporusienne st oopasmna Ge/d-Si:B ¢
v = 2.8 npuseneno Ha puc. 8. AHajorudHoe noweme-
Hue HADIIOJAETCS U st CTPYKTYphI ¢ v = 2.3. 31ech
HaM OBl XOTEJIOCh ODPATWThH BHUMAHWE HA JIBA BaK-
HBIX OOCTOSITE/ILCTBA. BO-TIEPBBIX, MArHUTOCOMPOTHB-
JIEHHE MOJOKUTETHHO B TONEPEYHOM MATHUTHOM IIO-
Jle W OTPUIATETHHO B MPOJOIHHOM mpu 00emx Opwu-
EHTAIINSX TIOJIsT OTHOCUTEIHLHO TOKA B MOCJIEIHEM CJTy-
qae. OTHOCHUTETBHAS BEJIMYUHA MATHUTOCONPOTHUBIIE-
HUSI J1JTs] TOTIEPEIHON OPUEHTAIIME MATHUTHOTO OIS O~
9TH Ha Ba nopsiaka npepbimaer |AR(H)/R(0)| nast mo-
JIeil, mapasiIeIbHBIX TJI0CKOCTH CTPYKTYphl. Takas ru-
FaHTCKAsl AHU30TPOINHUs CBUIETEIbCTBYET 00 <«HIeab-
HOM» JIBYMEPHOM XapaKTepe MPBIZKKOBOTO TMEepEeHoca
3apsiia B CJI0SIX KBAHTOBBIX TOYEK. BO-BTODPBIX, st
H | -opueHTAllid MATHUTOCONPOTUBJIEHUE CTPYKTYPHI €
KBAHTOBBIMU TOYKAMHU HAMHOTO MPEBBINIAET MATHUTO-
COMPOTHUBJIEHNE KOHTPOJIBHOTO 00pa3ia 6e3 ToUek, 9To
roBoput 00 onpezensomeii posu aacambss KT B oona-
DPYZKeHHBIX 0COOEHHOCTSAX MarHuTOTpancnopra. B gamb-
HEHIeM Mbl OTPAHUYUMCST OOCYZKIEHUEM SKCIIEPUMEH-
TAJbHBIX JIAHHBIX JIAIIE sl IOTIEPEeYHON OpUeHTAINN
MATHUTHOTO TIOJIS.
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—0.04

—0.081  opuenranus Hy(H|T)
X 1 R 1 L . . L : :
h 1 5 3 4 5 6 7
AR(H)/R(0) o
T r T 1 T T T T I
. i
. 2.8K
3.8K
opuenramus H (H L I) 42K -
oodl e T TR
0 1 9 3 4 5 6 7
H, Tn

Puc.8. OTHocuTenbHoe nameHeHne COnpoTUBIEHUS B

MarHUTHOM MOJIe MpU Pas3fn4HbIX TemMnepaTypax Ans

obpasuya Ge/Si ¢ keanTOBBIMU To4kamn Ge u pakTo-
pOM 3anonHeHusi Todek v = 2.8

JleTaabHBIN aHAJIN3 TIOKA3BIBAET, UTO MATHUTOMOIE-
Bble 3aBucumoctu conporusienus R(H) nns o6pa3uos
C KBAHTOBBIMU TOYKAMU B 00JIACTH CJIA0OBIX MMOJIEH MOK-
HO aTMPOKCUMUPOBATEH BHIPAYKEHUEM

In(R(H)/R(0)) = H*/B; — H/H* (3)
(wrpuxoBble nuaun Ha puc. 9). Jluneiinsiit no H wien
C OTPUIATETLHBIM 3HAKOM yYWTBHIBAET HATWYHE BOJIH-
30 HYJIsSI OTPUIIATETHHOrO MArHUTOCOMPOTUBIIEHNUSI, KO-
TOPOE ¢ POCTOM MATHUTHOTO MOJisi OBICTPO CMEHSETCS
nosozKuTebHbIM (puc. 9). 3HaueHus XapakTepucrude-
ckux noneit By mpusegensl Ha puc. 10. Okasamock, 9To
st 0bonx 00pas3mos napamerp By aBiasercs GpyHKIueit
TeMrIepaTypbl, OJU3KON K JTUHEHHOI.
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In[R(H)/R(0)]
0.4 T T T T T T T T

o, Om~! 4 3 9

1077 T T T T

N\

0.3

0.2

0.1

0 1 2 3 4 5
H?, T

Puc. 9. 3aBucnmocTb MarHuToconpoTueneHns ais ob-

pasuya Ge/Si ¢ kBaHTOBbIMU To4KaMn Ge u hakToOpom

3anonHenns Touek v = 2.8 ot H? B obnactu cnabuix
MarHUTHbIX nonel

Bo, T
8 T T T T T T T T T T T T T T T T T T T T T T T T T T T T

BO o T1.07i0.05

0.2 0.3 0.4

5
T, K Puc.11. 3aBucumocTn npoBOAMMOCTM OT TEMMEpaTy-

pol npn T' < 5 K, noctpoenHbie B koopguHaTtax Appe-

Puc.10. 3HaueHns xapakTepucTUHeCKOro MarHuTHO-
ro nonsi By, nony4eHHble C NOMOLLbLIO annpoKcuMaumm
3KCMEPUMEHTANbHbIX AaHHbIX BblpakeHuem (3), npu

HUyCa, B Pa3/IN4HbIX MarHUTHbIX NONSAX. Toukamu no-
Ka3aHbl 3KCNEPUMEHTANIbHbIE OaHHbIE. 3HavyeHns mar-
HUTHOrO NonAa Ans BEPXHEro puMCyHKa, Ha4nHasa CBepxy

BHu3: H =0, 1, 1.5, 2, 2.5, 3, 3.5, 4, 4.5, 5, 5.3 Tn;
ons Huxdero: H = 0, 1, 1.5, 2, 2.5, 3, 3.5, 4, 4.5, 5,
5.5 Tn

pasHbix TemnepaTtypax. CnaoWHbIMU NMHUSIMI NOKa3a-
Hbl Pe3ynbTaTbl anMPOKCUMALMN SKCNEPUMEHTABHbIX
3asucnumocteii Bo(T) cTenenHoll dpyHkumel

3.4. DHepruda aKTUBAIUUA HU3KOTeMMepaTypHO
NPOBOANMOCTA B MATHUTHOM IIOJI€

Ta 3apsija COXpaHsSeTcss U B MACHUTHOM IOJjie. DHep-
rusi aKTUBaNuu nposoaumoctu F,, onpenesennas u3
HaKJIOHA YKCTEPUMEHTATLHBIX KPUBBIX, TTPUBEICHA HA
puc. 12. Okazamnock, uto E, pacrer B MATHUTHOM MOJIE

Ha puc. 11 npusenensr TemmneparypHbie 3aBUCAMO-
CTV TIPOBOAMMOCTH B OOJIACTHU BHITIOIHEHNsT 3aKOHA Ap-
pennyca (npu T < T,.) B pasjuduHbIX MATHUTHBIX IO-

nax. Buano, 910 akTMBAMOHHBIM XapakTep TpaHCHOp-  u Hacbimaercs B nonsax H > Hg,y = 4 To.
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FE,, m3B
T T T T T T T T T T T T
1.6 R
14F R
1.2F i
1.0F i
1 n 1 n 1 n 1 n 1 n 1 n
0 1 2 3 4 5 6
H, Tn

Puc.12. 3aBucumocTb HU3KOTEMNEPATYPHOIR 3HEPriN
aKTUBaLUMM NMPOBOAMMOCTU OT MAarHUTHOrO NONsi

3.5. Ob6cyxkaeHne 3KCIePUMEHTATbHBIX
pe3yJibTaToB

Kax nmpasumo, HabmomaeMyo B 007aCTH TPBIZKKO-
BOTO TIEPEHOCA 3apsiga AKTUBAIMOHHYIO 3aBUCHMOCTH
runa o(T) = ogexp(—E,/kpT) cBA3BIBAIOT C OPbIXK-
KOBOI IIPOBOIMMOCTBIO 110 Guzkaiimum coceusam [1]. B
HAIeM CIydae 3TOT MEXaHW3M MPOBOIUMOCTHU HE TI03-
BOJISIET OObACHUTH SKCIIEPUMEHTATBHDBIE PE3YIBTATHI IO
CJTETYTOITUM TIPUYHHAM.

Bo-niepBhIX, MexaHu3M MPOBOIMMOCTH MO OJIUIKAI-
MMAM  COCEISIM JOJIKEH CMEHSIThCS C TOHUIKEHUEM
TeMnepaTypbl OPOBOJAUMOCTBIO C TePEeMEeHHON JJIMHON
NpbIKKA. B Hammx 3IKCHepuMeHTax HaOII0IaeTcs
obpaTHast CUTyaIus.

Bo-BTOpHIX, B paMKaxXx MeXaHW3Ma MPBIKKOB IO
OUzKANIIM COCEIAM BETHINHA XaPAKTEPUCTUICCKOTO
MarHuTHOTO Tosist By He 3aBucHT OT Temmepatyph [9)].
Onmako B o6pasmax Ge/Si ¢ KBAHTOBBIMM TOYTKAMHY BbI-
sBJleHa auHelinas cBa3b mexay Bo u T (puc. 10).

B-rperbux, 78 ABYMEDPHOW CHCTEMbI 3HAYCHUE
SHEPIUU  AKTUBAINA MPOBOIUMOCTH
Mo OJUZKAUIIUM COCEIsIM E3 MOYKHO OIEHUTH KaK

MIPBIZKKOBOT

g3 = €2/kl, rne ( — paccrosame mexay croem KT
n J-nermpoBaHHbIM cmoeM Si [12]. Hma ¢ = 10 uum
n k = 12 nomyvaem 3 = 12 mM3B, 9T0O Ha MOPAIOK

OOJBIIe YKCIEPUMEHTATHHON BeIuInHbl F, .
[MpuBeeHHbBIE BBIIE APIYMEHTHI MO3BOJSIIOT MPeI-
MOJIOKUTh, YTO B OKPECTHOCTH ypoBHst Pepmu B 1O-
soce mupuHoit 2FE, OTCYTCTBYIOT SHEPIEeTHIECKHE COC-
TOSIHUS JBIPOK, WJIW, WHBIMHU CJIOBAMW, B CIIEKTPE COC-

TOSHUI CYIIECTBYET «ZKECTKAas» SHEPreTudecKas IIeb.
[Mpu moHM:KeHWM TeMIepaTyphbl TPOUCKXOAUT yYMEHBIIIE-
HUE MOJOCKI dHEPTHii, B KOTOPOit HAXOAATCI SHEPTreTu-
qecKue ypOoBHHU, 0OeCIeduBaroNfe ONTUMAJIbHbIE DU
JaHHON TeMmmepaType mepeckoKu AbIpok mexkay KT.
Haunnaa c¢ mekoTopoit TemmepaTypbl, TPU KOTOPOI
IMIUPUHA SHEPTeTUYECKON MOTOCHI CPABHSAETCS C IUPHU-
HO 1NN, SHEPTUs AKTUBAIUU MPOBOJAUMOCTU W JIJTU-
Ha TPBIZKKA TIEPECTAIOT 3aBUCETH OT TEMIIEPATYPhI, UYTO
obObsicHseT mepexon oT 3akoHa dpoca — [IIKIOBCKOTO
K 3akony Appenmyca. 3amerum, 9TO 3Ta MIETH HE MO-
JKeT OBITH pPe3yabTaToM (OPMUPOBAHWUS MATHUTHOTO
MOJITPOHA B CHUCTEMeE, TOCKOJBKY B 3TOM CIydae OHa
JIONIZKHA MCY€3aTh B MArHUTHOM IIOJI€ 33 CYeT SKPAHU-
poBaHust 0OMeHHOTO B3amMoeficTeust [13-15].

Mpr mpeanonaraem, 910 0OHAPYKEHHBIE HAMHI SBJTe-
HU, TaKWe Kak repexon oT 3akona ddpoca— [MIkaos-
CKOTO K 3aKOHYy AppeHuyca TpH OXJIAYKICHUW CUCTe-
MBI W BO3pacTanue 3Hepruu akruBammu FE, B Maraut-
HOM IT0JIe, SKCIEPUMEHTAILHO CBUIETEILCTBYIOT O Ha-
JINYUU B CHEKTPE JBIPOYHBIX COCTOSTHWI YKECTKON Ie-
Jid, CBA3AHHOU ¢ (POPMUPOBAHMEM STEKTPOHHBIX ITOJIs-
poros [3]. [Iasi MOHUMAHHUST STOTO SIBJIEHWUs HEOOXOIH-
MO BCIIOMHUTB, YTO B HEYIOPSIOYEHHON CHCTEME KPO-
Me y3JI0B, 00pa3yOIMKUX CKBO3HYIO CUCTEMY IIyTe# mpo-
TeKaHUsI TOKA OT KOHTAKTA /10 KOHTAKTA, CYMNIECTBYIOT
ere KOMMNAKTHBIE Maphl y3J0B ¢ MaJoil SHeprueit Bo3-
OyZKIeHNsT ¥ MAJTbIM PACCTOSHUEM BHYTPH mapbl. Ta-
Kr€ KOMIIAKTHBIE Mapbl HAXOAATCH HA 3HAYUTETHHOM
pacCTOSHUU JApyT OT Apyra. llepexombl MexKIy HUMU
OTCYTCTBYIOT, TIO3TOMY OHU HE MOTYT NMPUHUMATH ydYa-
CTH€ B CTATHYECKOW MPOBOAUMOCTH, OJHAKO CBOUM IH-
MOJILHBIM TIOTEHIIMAJIOM,, BO3HUKAIOIIUM TTPY MTEPEX0IAX
BHYTPU Tapbl, MOTYT BJIUATEH HA 3JIEKTPOHBI, TBUKYIIIH-
ecs M0 MePKOJSIUOHHOMY KyacTepy. Ilycrs amekTpon
Ha MEPKOJISIUOHHOM KJIACTEPE COBEPIIUT «IIPBIZKOK» C
HEKOero 3aroIHeHHOT0 y3/1a Ha y3eq ¢ (puc. 13a). Torga
JIJISE MHOTUX KOMITAKTHBIX AP, HAXOASIINXCA B OKPECT-
HOCTHU y3Jia i, OKAYKeTCsH BBITOIHBIM MEPEBECTU IJIEK-
TPOH C OJIHOTO y3Jia B Mape Ha JAPYroi, ¢ TeM d4TOObI
YMEHBIUThH KYJOHOBCKOE PACTAJKUBAHUE JIEKTPOHOB
¥ MOHU3WTH SHEPIHUIO MPHUIIEINIero dneKTpona. Bo3nu-
KAIOIAsl PU 3TOM BOKDPYT y3Ja i «mybas w3 TOJIsIpH-
30BAHHBIX MAP, YBJIEKAaeMast 38 COOOH TYHHEIUPY FOIIIM
JIasiee 3JIeKTPOHOM, TOIyduIa HA3BAHUE SJIEKTPOHHOIO
MOJIIPOHA. DTO SIBJIEHHE BO MHOTOM TIOXOKe HA BO3HUK-
HOBEHUE MOJSPOHA B MOHHBIX KPUCTAJIJIAX, KOTJIA K-
TPOH TPOBOJUMOCTH, JBUTASCH B PEIIETKE, BBHI3bIBAET
nepepacnpeiesieHne OTHOCUTEIBHBIX MO3UINAN TOT0ZKU-
TEJIbHBIX W OTPUIATEIHHBIX HOHOB permeTku. OIHaKO B
HaIleM CIydae TIOIgPU3alius BOSHUKAET He 3a CIeT CMe-
[IEHUS WOHOB, a BCJIEICTBUE TIePEePACIPE/IeTeHUsT HTeK-

824



MITD, Tom 127, Bom. 4, 2005

[MpbI>kKOBasi NPOBOAMMOCTb U KYJIOHOBCKME KOPPENAaLui . . .

@ A
— s ®
@ .

ILrorHOCTB
COCTOSTHUIA

» !
>
|
|
|
|
|
|
|
|
|
|

Dueprus

Puc.13. (a) Obpa3soBaHune 31eKTPOHHOrO MONSIPOHA
Mpy MOMELIEHUN SNeKTPOHA Ha y3en i. (6) 3aBucu-
MOCTb MJOTHOCTN COCTOSIHUI OT 3Heprum. 3aecb ep —
yposeHb Pepmu, Ac — KynoHosckas wenb, A, — no-
NSPOHHast Wesb B CNEKTPe COCTOSHUT

TPOHOB BHYTPH KOMIAKTHBIX TaP.
Teoperndeckue pacyersl MOKA3BIBAIOT, YTO HATHINE
MOIAPOHHOTO 3 PEKTa TPUBOAUT K TOMY, UTO 3amoJI-
HEHHBIE COCTOSIHUS 3MEKTPOHOB JIOJZKHBI OBITH OTIee-
HBI OT MyCTBIX MOJAPOHHON Mmenbio 2A, (puc. 130)
[2, 3]. Ecnu GecnopsiIoK B CHCTEME HE OUeHb BEIUK U
SHEPIMH KOMITAKTHBIX NAap BOIM3U BCEX y3/I0B HE O9eHb
CHJIBHO PA3IMYAIOTCA, TO NOTAPOHHAS NI ABIAETCS
JKECTKOW B TOM CMBICIE, 9TO BHYTPH HEe HeT COCTOs-
auit BoodOIte. B cucremax ¢ 60mbIINM OECTIOPSIKOM CY-
IECTBYET BEPOATHOCTH TOTO, UTO BOJU3M HEKOTOPBIX
Y3JI0B MOJIIPOHHBINA CABUT MaJl, U B 3TOM CIydae TI0T-
HOCTH COCTOSIHWI BHYTPH TIOJISPOHHO eI 0OpaliaeT-
Csl B HyJIb 10 9KCIIOHEHIUATIBHOMY 3aKoHy [2, 3].
Veennuenne sHepruv aKTUBAIANA MPBIKKOBOH TPO-
BOJMMOCTH B MATHUTHOM TIOJI€ MOYKHO OOBACHUTH CJIe-
AYIOIAMA coobpazkenuamu. Maruutaoe mosne medop-
MUPYyeT BOTHOBLIE (DYHKINW SJIEKTPOHOB HA OOJBIIOM
PACCTOSHUY TAKUM OOPa30M, UTO B PE3YJIbTATE YMEHb-
IAETCS MHTErPa NePeKPhITHS 3TEKTPOHOB Ha yIAIEH-
HBIX y3/1aXx. B CBOI0O ouepenb yMEHBIIEHWE MHTETPAJIA
TIePEKPBITUSA BOTHOBLIX (DYHKIWI 3JIEKTPOHOB B KOM-
NAKTHBIX MAapax € yJAJEeHHBIMHA y3JaMH TPHBOJUT K
YMEHbIIIEHUIO SHEPIUK 3JEKTPOHHbIX nepexonos [16] B
napax, 4To yBeJIMYUBAET BO3MOYKHOE UUCIIO TIap, yIacT-
BYIOIIUX B (POPMUPOBAHUY SJTEKTPOHHOTO MOJSPOHA.
Ha wHTErpanbl mepekpbITuss BHYTPU Nap TOJE IPaK-
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Trdecku He BiausieT. DopMaTbHO TOBOPsI, B MATHUTHOM
[ojie pacTeT IJIOTHOCTH cocTosHmit go [17], a 3mauwmt,
KYJIOHOBCKast [1] 1 monsiponHast mestn (MuprHa TOCTe -
Hell, o KpaiiHeii mepe, 1Jid TPeXMEPHOU CUCTEMBI MPO-
MOPIMOHAJILHA TTUPUHE KYJIOHOBCKOH tenn [3]).

K cokajenuio, B HaCTOsIEE BpPeMsi OTCYTCTBYIOT
AHATUTHICCKAE MOIETN TMOMSIPOHHOTO 3dderra, KoTo-
pble Moru Obl MO3BOJIUTH MPOBECTH YUCTEHHBIE pPac-
ueThl OYKUIAEMON B HAIMNX 00pa3lax MMUPUHBI MOJIs-
ponnoit menu. Ognaxo a1 A, MBI MOZKEM BOCIIONB30-
BATbCsl PE3YJIbTATOM MOJEJIUPOBAHUS, TIOJTYICHHBIM B
paboTe [3] M CBHIETEIBCTBYIONMM O TOM, UTO, TI0 KpAaii-
Helt Mepe, I TPeXMEPHO# HeynopsaJ0IeHHO CUCTEMbBI
[MIUPUHA TIOJISIPOHHOMN eI NPUMEPHO B 5 pa3 MeHb-
me mupuHbl Ao KyJIOHOBCKOH mienn. B croio oue-
pemn BennunHy Ac MOYKHO OIEHWTH U3 COOTHOIICHUS
Ac ~ kp(T*T1)Y?, tne T* — temmeparypa, BbIIIE KO-
Topoit 3akoH Ddpoca—ITIKIOBCKOTO yKe He BBIMOIHS-
ercsa [18]. B mamux obpasmax T* = 10-15 K [19]. B3as
T = 15 K, T} = 200 K, nonygaem Ac ~ 5 M3B u
A, ~ 1 3B, uT0 feiicTBUTETBHO GIM3KO K SKCIEPU-
MeHTaabHOM Benmnuntae F, = 1.0-1.2 m3B.

HeoskuganHubIM Ha TIEPBBINA B3TJIA PE3YILTATOM SIB-
JISIeTCsT TEHJICHIUS K HACBIMEHUIO BETUIUHBI SHEPIUH
AKTUBAIIUY MTPOBOAUMOCTH B CHJILHBIX MOJIAX (puc. 12).
OnHaKO U 9TO SABJIEHUE YIAeTCsl O0ObSCHUTH HA OCHOBE
TpeAcTaBAeHU 00 MEKTPOHHBIX MOIIpPOHax. PaccMor-
pum, crenyst pabore Paiixa [16], nmepexoq smekTpoHa ¢
y3aa 1 Ha y3e1 2 BHYTPU KOMMAKTHON Mapbl B MPUCYT-
CTBUU 3AMOJTHEHHOTO IeHTpa 3 Bo3Je y3ia 1. Dueprus,
Tpebyemast JIJisi 3TOrO Mepexoja, OMPeIeIsaeTCs BbIpa-
JKeHUeM

[Vis|?

€3 — &1 ’

rIe SHEPTUM Y3JI0B &1, €9 W &3 OTCYUTHLIBAIOTCS OT
sueprun Pepmu U ux paszdbpoc OMpeIeIaeTcs TOIO0-

Ajp =9 —e1+

FHYECKHM, KOMIO3HIMOHHBIM MO0 KyJTOHOBCKAM Oec-
MOPSAIKOM B CUCTEMe, a TaKyKe WHTErPAJOM TMepeKphl-
s y3710B 1 n 2. Bropoe ciaraemoe B 3TOM BBIpazKe-
HHE eCThb HE YTO MHOe KaK J0OaBKa, CBA3aHHAA C Ie-
PEKpBITHEM BOJHOBLIX (DYHKIHH JBIPOK Ha y3max 1
u 3, a |Vi3| — cooTBeTCTBYIOIINH WHTErPAN MEpeKphI-
TugA. B MarHUTHOM MOJIE MHTErpas MePeKPLITHS Y MEeHb-
MIACTCA ¥ SHEPrUs SJEKTPOHHBIX II€PEeXOJ0B BHYTPH
KOMMAKTHBIX TIap CTPEMUTCA K BeJNUNHE, ONpesese-
MO¥i TOMBKO 3HAYCHUSIMU €1 W £5. 1109TOMY Pa3HOCTH
E,(H = Hy,t) — E,(H = 0) npezcrapisier coboii oleH-
Ky THIHYHOTO WHTErpasa nepekpbrtus |V| mexay co-
cenummvn KT. Ha puc. 12 Buzno, uro |V| & 0.2-0.4 m3B.
C apyroii ¢cTOPOHBI, HHTErPAJT TIEPEKPLITHA MOKHO 3a-
HUCATh KakK
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(2. W

rae Vo — SHeprus CBA3M HOCUTENIA Ha y3ie (B Ha-
eM ciiydae 3TO rIyOnHa 3ajileraHus yPOBHS B KBAHTO-
BOi1 sime), 1o — cpemnee paccrosiune mexay KT. Basas
Vo ~ 300 m3B [4], |[V| ~ 0.3 M3B, ro = 20 uwm, u3 (4)

rojydaeM OLEeHKY paJuyca JIOKAJAU3alun JbIPKUA B BO3-

Voa
V| = —= exp
o

OyZKJI€HHOM COCTOSTHUHU @ ~ 4 HM, 9TO OJU3KO K BEJIH-
qnHe, PaBHON MPUMEPHO 3 HM, MOTYIEHHOH B pe3yabTa-
Te YUCIEHHOTO MOJIETUPOBAHUS ITEKTPOHHON CTPYKTY-
PBI ABIPOYHBIX COCTOSHUN 7151 aHATOruIHbIX cmoeB KT
Ge/Si(001) B pabore [20].

IMocste MOArOTOBKYM PYKOMUCH HAM CTAJO0 H3BECT-
HBIM, 9TO JIyOpOBCKHii ¢ KOIeraMmu Mpu UCCTeI0BAHNN
TYHHEJIUPOBAHUS MEYKAY JABYMS HEYMOPSIOUYCHHBIMU
JIBYyMEPHBIMU CHCTEMAMHU B MEPTEHIUKYISIPHOM MAar-
uurHOM noJie [21] nabirogan popMupoBaHUe «XKEeCTKOM
eIy B MJIOTHOCTH JIOKAJTM30BAHHBIX COCTOSIHWI B
CUJIbHBIX TOJISAX. BO3MOKHO, MEXaHU3MBI ITOTO SIBJIE-
HUsI U TPOIECCOB, ONUCAHHBIX B JaHHON pabore, HOCAT
o0Immit XapaKrep.

Asroper 6narogapust B. B. Kupuenko u H. TI. Cre-
MUHON 3a MOMOIIL B MPUINOTOBIEHUH 0DPA3IOB, a TaK-
ke B. A. Bomommmny 3a m3MepeHme CreKTPOB KOMOW-
HAI[MOHHOTO paccesiuusi. Pabora BbIMOSHEHA TpU (Du-
nancosoii nojuep:xkke POOU (rpant Ne03-02-16526),
nporpammvbl [Ipesupenta Poccuiickoit @eneparum 1mo
MOAIEP’KKE MOJIOIABIX  YUEHBIX IIOKTOPOB  HAyK
(rpant M/1-28.2003.02) u THTAC (rpanrsr 2001-0615,
03-51-5051). A. A. III. 6rarogaper Munucrepcrsy O6-
pasosanusi P® (rpant A03-2.9-521).
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