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TiposeAeH TeOpeTH'leCKHA 8H8JIH3 yCJIOBHA <l><>PMHpOB8HHll 3KCTPeMYMOB 3KCHTOHHOro OTpa>KeHlotll C&eTa reTe

PQCTPYKT)'pOA c OAHHO'IHOA KB8HTOBOA llMOA. Tiony•1eHO Bblpa>KeHHe, CBll3b188JOW.ee MelKAY co6oA napaMeTpbl 

KB8HTOBOH llMbl H orpaHH'IHB8JOW.ero CJIOll. 

TipoBeAeHo TeopeTH'IHHH 8H8Jli3 YMOB <l><>PMYB8HHll eKCTPeMYMiB eKCHTOHHOl'O BiA6HB8HHll CBirna reTepOCTpyK

TYPOIO 3 OAHHO'IHOIO KB8HTOBOIO llMOIO. 0TpHM8HO 8Hpa3, SIKHH 3B'11aye MilK co6oio napaMeTpH KBBHTOBOi SIMH i 

o6Me>KyJOqoro wapy. 

B nOCJieAHee BpeMSI AOCTHrHYTlil 3Ha'lHTeJibHhle yc

nexu B TeXHOJIOrHH 3IlHTaKCHH npSIM030HHhlX reTepo

CTPYKTyp c KBaHTOBhlMH SIMaMH [ 1 ]. AKTYaJibHhlMH 

AJISI HHX SIBJISllOTCSI HCCJier(OBaHHSI 3KCHTOHHOI'O OTpa

X<.eHHSI CBeTa, r(aJOIIUl:e B03MOX<HOCTb pa3pa6oTaTb 

3<fxt>eKTHBHble MeTOAbl KOHTPOJISI napaMeTpoB. CneK

Tpbl 3KCHTOHHOI'O OTpaX<eHHSI OT Or(HHO'!HblX KBaHTO

BhlX SIM uay'!eHbl B pa6oTax [2-5 ). TaK, nanpuMep, B 

[ 4 ) 6blJio noKa3ano, '!TO H3MepeHHe cpa3bl no cpopMe 

r(HCnepcHOHHOI'O KOHTypa OTpaX<eHHSI KBa3Hr(Byx

MepHoro 3KCHTOHa MOX<eT CJIYX<HTb MeTOr(OM r(JISI on

per(eJieHHSI TOJilll,HH CJIOeB, orpaHH'!HBaJOlll,HX KBaH

TOBYIO SIMY. 0AHaKo 3TOT MeTOA MHorocpaKTOpHblH H 

nper(CTaBJISieT co6oH: r(OBOJibHO CJIOX<HYIO npmi:eAYPY. 

Hacrosilll,aSI pa6oTa nocssilll,eHa Teopent'leCKOMy 

aHaJIH3Y yCJIOBHH cpopMHpOBaHHSI 3KCTpeMyMOB pe-

30H3HCHOI'O OTpaX<eHHSI Or(HHO'!HblMH KBaHTOBblMH 

SIMaMH. TioJiy'!eHO BblpaX<eHHe, CBSl3hlBaJOw,ee 3Hep

reTH'leCKOe nOJIOX<eHue MHHHMyMa OTpaX<eHHSI c cpa-

30BOH TOJilll,HHOH CJIOSI, orpaHH'IHBaiow,ero KB3HTO-
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Puc. 1. CxeMaTwtecKoe H306pa>Kem1e csepxperneTKH c OAHHO•tHoA 
KB8HTOBOH llMOH. 
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BYIO SIMy, H cpaKTOpoM 3aTyxaHHSI B CHCTeMe 3KCH

TOHOB. 

Ha puc. 1 npHBeAeHo cxeMaTu'!eCKOe H3o6paX<enue 

crpyKTYPbI c OAHHO'IHoif KBaHTOBOH SIMOif. Csepxy 

oHa orpaHu'leHa Henomow,aiow,eu nJieHKOH TOJIW.H

Hoif d I c r(H3JieKTPH'!eCKOH npoHHu,aeMOCTblO e I ' CHH3Y -

noJiyorpattn'leHHoif cper(OH c e
3 

• B KBaHTOBoif siMe 

TOJIW,HHOif d2 MoryT B036yX<AaTbCSI 3KCHTOHbl. B npe

He6peX<enuu npocrpaHcTsennoH: AHcnepcueu nu

HeHHblH OTKJIHK B o6JiaCTH 3KCHTOHHOI'O pe3oHaHca 

MOX<HO OilHCaTb 3cpcpeKTHBHOH r(H3JieKTpH'leCKOH 

nponuu,aeMoCTbJO [ 4 I 

eOwLT 2 
e2(w)=e0 + . =(n-iK), (1) 

WO - W - l )I 

rAe w LT - npOAOJihHo-nonepe'lnoe pacw,enneHue 

3KCHTOHHOI'O COCTOSIHHSI; y - 3aTyxaHue B CHCTeMe 

3KCHTOHOB; n H IC noKa3aTeJIH npeJIOMJieHHSI H norJIO

w,eH11S1; eo - cpoHOBaSI r(H3JieKTpH'leCKaSI npoHHI.J,ae-

MOCTb. Y'leT KHHeTH'lecKoif 3Hepmu 3KCHTOHa B Bhl

paX<eHHH (1) 6yr(eT nposer(eH HaMH B OTr(eJlhHOH 

pa6oTe. 

TaKHM o6pa3oM, paccMaTpusaeTcsi '!eT1i1pexcnoil

HaS1 MOAeJih OTpa.)KeHHSI BaKyyM - orpaHH'!HBaJOlll,HH 

CJIOH - KB3HTOB3SI SIMa - noJiyorpaHu'leHHaSI cper(a. 

B CJiy'la.e nopMaJihHOro naAeHuSI cseTa Ha nosepx

HOCTh KBaHTOBoif CTPYKTYPbI cpa3osblu cKa'lOK BOJIHhl 

Ha rpattmi:e pa3Aena I-II paseH 

2Kel /2 
I 

tg 'P = 2 2 
e1 - n - JC 

(2) 

C y'leTOM (1) H (2) noJiyll:aeM ypaBHeHHe AJISI 'P npu 

npOH3BOJihHOH 'laCTOTe w: 



Pe3oHaHCHoe omp{l)l(eHue caema zemepocmpyKmypoii 

KOTOpoe SlBJISleTCSl ypaBHeHHeM 4-ro IIOPSl'AKa OTHOCH

TeJibHO z = w0 - w. OrpaHH'IHMCSl JJ;anee 'laCTHblM 

CJiyqaeM, KOrJJ;a e 1 = t 0 [ 4 ]. ilpH 3TOM nopSIJJ;OK ypas

HeHHSl (3) nOHHX<aeTCSl, H OHO npHHHMaeT CJieJJ;yJO

illHH BHJJ;: 

2 
. 2 ZW LT + 1/2 W LT 2 zw LT 

1 + sm tp 2 2 + cos 'P - 2--2 = 
z +y z +y 

l 2zwLT + w'i,Tll/2 = 1 + --='----=-'-

z2 + y2 
(4) 

YpasHeHHe (4) HMeeT peweHHe 

j 
2 

1 1 ~ 
w = WO+ -2 w LT± -2 w LT cos 'P 1 + ( . ) 

wLTsm 'P 

(5) 

<l>H3H'ICCKHH CMblCJI HMeeT pemeHHe (5) co 3HaKOM 

«+». BhlpaX<eHHe (5) onpeJJ;eJISleT ¢a3y 'P qepe3 napa

MeTpbl B036yX<JJ;eHHSl Wo H (1) LT Ha 'laCTOTe (J.). B Bblpa-

.)KCHHe (5) He BXOJJ;HT mHpHHa KBaHTOBOH SlMbl H na

paMeTpbl noJiyorpaHH'leHHOH cpeJJ;bl, XOTSI 3¢¢eKTbl 

«CX<aTHSl» BOJIHOBOH cPYHKll,HH B KBaHTOBOH SlMe ¢u

rypHpyIOT B 3Ha'leHHSIX napaMeTpOB WO H ())LT (6, 7 ]. 

c APYI'OH CTOpoHbl, Ha 'laCTOTe MHHHMyMa KpHBOH 

OTpa)KeHHSl (1) m BblIIOJIHSICTCSl yCJIOBHe ¢a30BOH KOM-

neHcan,HH [8 ): 

(6) 

rJJ;e c5 = 4nnd1 I A. - CJJ;BHr ¢a3bl BOJIHbl B CJioe c noKa-

3aTeJieM npeJIOMJieHHSl n = tb12 
H TOJiillHHOH d

1 
• Pe

UiaSl ypaBHCHHe (5) B TO'IKe (1) = ())Ill OTHOCHTCJibHO 'P 

H IIOJJ;CTaBJISlSl HaffJJ;eHHOe 3Ha'leHHe 'P B (6)' noJiyqa

eM ypastteHHe JJ;JISl onpeJJ;eJieHHSl d 1 : 
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(3) 

b = 2n - tp = 4:rcnd/A. . 

CooTHoUieHHe (7) no3BOJISleT onpeJJ;eJIHTb TOJiillHHy 

CJIOSl d I no IlOJIO)KeHHIO MHHHMyMa OTpa)KCHJfSl ()) m . 

AHaJIOm'IHblM nyTeM MO.)KHO ttaii:TH d 1 H B o6meM 

CJiyqae (e 1 ~ t 0) c ucndJib30BaHHeM (3) H (6). 

CpasHHM Hallin pe3yJihTaTbl c 3KCnepuMeHT3JJb

HblMH [ 4 ). .llm1 KBaHTOBOH CTPYKTypw THIIa 

GaAs-AI0,32Ga0,68 c mnputtoli KBaHTosoli SlMbl 

d2 = 121 A 3HepmSl MHHHMyMa Kpusoii: OTpa.)KeHHSl 

npH T = 1,6 K pastta Emin = 1,55 3B; w LT = 
= 0,4 M3B; y = 1,5 M3B. CorJiaCHO (5), noJiyqaeM, 

'ITO Emin :::::: 1,557 3B. Pa36poc He3Ha'IHTeJieH, u npu-

BeJJ;eHHblH npHMep HJIJIIOCTpupyeT npHMeHHMOCTb 

npeJJ;JIO.)J(CHHOI'O IIOJJ;X0,[1;3 ,[J;JISI on,eHKH napaMeTpoB 

CTpyKTyp C OJJ;HHO'IHblMH KB3HTOBblMH SIM3MH. 
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Resonant light reflection from single 
quantum-well heterostructures 

P. S. Kosoboutski 

The conditions are theoretically analysed which 
lead to a formation of extremes of exciton reflection Gf 
light from a single-quantum well heterostructure. The 
expression has been obtained that relates the parame
ters of the quantum well and the boundary layers. 
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