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-\H H CCP, 0>JI3HKa, 15, 162—167 (1980)

•H6CKHH C

fIO4BAPbEPHOE nOfAOLUEHHE B CTALJHOHAPHOK
CBEPXPELUETKE

T. M APyTtOHflH. X B HEPKAPAPflH

BbllHC \CH Merf(3OHHb[H KO3(plj)HlJHeHT HOP \OUJeHHH B CTaiJHOKaOHOH CBepX-

peuierxe a «K \accHHecKOM» c \ynae. KOfAa BHeuiHuii KsaHT cenabiaaeT noaoapbeo-
Hbie 3 \erapo- -ibie COCTOHHHH E aona* HayieHo D A H H H H C JBV .icpHbix DKCHTO-
HOB 'ia 3To ror \omeuHe H nposeACHo cpas'ieHHe c 3r>cnepn-ieH-o« Pacc-'-orp-1-
HKe BeaeTCH c \ -<eTO\i cj)a3OBoi< npocTpaHCTaeHHoii HeoAHOpoiHOCTa B O V H W «

1 B noc xe^Kee speviH pe3KO noswcHACH HHjepec K
.ismecKHM c r p > K T > p a M — caepxpemeTKaM (CP). Han6oAee
ocooeHHOctbK) CP CTpy.^ryp as \nercn TO, HTO MX nepHcunqecKHH

6bITb COJjai' HCKyCCTBCHHO 3rO nOSBOAHCT paCCMatpH.BaTb H.\ B K3-

eeiijecTB c \npaBAHeMbi \ iH B mnpoKHx AHanaaoHax $H3HHecKH.\iH na-
paMerpaMH.

B o630pe [1] o6cyjKaaK»Tca ocHOBHfaie nepTbi anepreTHHecKoro cneKipa
nOAy.npOBOAHHKOB co CP, a TaK/Ke HsynaioTCH HX KKHCTHHecxHe H onTHMecKHe
CBOHCT33. B paOOTC [2] paCCMaTpHBaCTCH BOSMOHJHOCTb yCHACHUH 3ACKTpO-

MaTHHTHblX BOAH 3 CP, a B [3] CTpOHTCfl TCOpHH 3ACKTpHHeCKHX H 3AeKTpO-

MarHHTHblX CBOHCT3 T3KHX CHCT6M C HCnOAbSOBaHHCM VtCTOfla VIaTpH^bI HAOT-

KOCTH.

B nAaHe nepsbix SKcnepHMeHtaAbHbix nonbiTOK peaAHaauHH CP
ryp Hanco\ee nepcneKTiiBHbjM OKasbiBaercn MBTOJ nepHO^HHeCKoro
33HHH P33AHHHWX nOA>inpOBOAHHKOBfaIX CAO6B H3 KA3CCa A* IP H HX

pacxBopOB [4 — 7] K HacTD«iii,eMy speMCHH B STOM HanpaBAeHHH it
BHaMHteAbHbiH nporpecc TaK, KanpHMep, B pa6oxe [8] cooSigaeTCH o
H Ha6AK>A6HHH 4CTKOH 3nHTaKCHaAbHOH CBCpXCTpVKTypbl, BblpaUieHHt'Tl HC-

p;ioaHH6CKHM ocaJsaeHiie.M MOHDCxoes CaAs H AlAs c ncno \b3oaaHHeM \iero-
4HKH MOAeh>'ABOHb(X ny^KOB, npeAAOJKCHHOH B [9] B paOO" 0 [8] 9KCnepH-

MeHraAbHO HccAeitoBaAiiCb 3ACKTpOHHbie CBOHCTBa Bwpamei; CP crpyK-
T>p c nOMOiybio onrimecKoro norAoigeHHH H cneKTpos AK>M;!.I .CHUHH

2 Bee cyujecTdy.foigHe Meroabc noAyneHH.q CP npHBO^Hr •• oaHOMepHOH
CHTyauHH FIosTOMy HX CBOHCTBa MOJKHO HaywaTb, paccMarpaaaa 4BH/KeHHe
3AeKTpoHoa B noAe AOnOAHHTCAbHOro nepHOAfmecKoro 'noreHUHaAa Ksi (z).
K3o6paHieHKoro na puc. 1 (noteHuaaA c 6oAbiiiOH TOHHOCTbio MOJKHO CHHTaTb
npH\io \ roAbHbi \ t [10] ), 3Aecb oz — ocb CP, a d — ee nepnoj

PeiueHHe ypaBHCHHH LLIpeAHnrepa c noreHyHa \OM \' ^L (2) npHBO4HT K
;<OpCLUO H3'BeCTHb[\t MIIHH30HhbiM CTpVKTVpa\ f , .-vOTOpbte nO4pa34eAHK5TCH Ha

nojoapbepHbre H naaoaobepKfc<.e H onucbiBarorca B npn6 \HWCHHH

B Bb

COOTSCTC

BAOAb OCI

3A6KTpOH
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XOBCKHH
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cAaoofi CBH3H Hcxcufl us npH6.\K^eHHF CH \bHOH CBSSK aanmusv
H cnehTp n B O A H O B \ K d)}HHUKK> 3,\ehTpOHa E i1- H c-sonax,

PKC 1

3HeprHK> OT cepejHHbi aanpeiueHHOH SOHW A H paccMaTpusaK JL\H npocTOrw

_
= + m

' COS

^r)e

(1)

(2)

B BblpaJhCriHl! (1) HHjehCW i II S' HVMepVKDT nOJOapbepHWe MHHH3OHW

COOTBeTCTBeHriO E t'- H C-30H3X, tz H k, - BOAHOBbie BeKTOpbl SACHTpOHa

B4OAb OCH CP H B nepneH4Hky.\apHOM H a n p a B A C H H H . A^ 5. H sc ^. = -^- —

— el'V — BeAKiHHbi, 3a,4awijunecH napawerpaMn CP [1] (s^0) — SKepmn

3ACKTpoHa B noTeHi|MaAbKOH SMC KOHeHHoH BbicoTbi, a s'/' H Af — nonpa-

BOMHbie MACHb! K SliepPHH, BO3HHKaK)IIlHe H3-33 nepeKpblTHH BO \HOBbIX

CpyHKyHH COC64HHX HM). B BblpaJKCHHH (2) «""'• f (rl — MO^VAHpyroiJUHll 6AO-

XOBCKHH q^aKTOp C nepHOAOM OCHOBHOrO KpHCTaAAa, 7l/ — HHCAO

CP, ys (~) — BOAHOB3H dDVHKgHH S-ypOBHH O4HHOHHOH .HMbJ.

PaccMorpHvi jrepexoa HS noa'Sapbepnoro COCTOHHHH r-aoHbi B n

HOC COCTOHHHC c-3OHbi noA AeficTBHeM noAH A (z, t) — A"exp[ — / (m/ — <?^)]i

P4e u) — Macrora CBCTOBOH BOAHW, 17 — BOAHOBOH BeKTOp, yner KOioporo
npH pacnpocTpaHeHHH BAOAb OCM CP peooxojHM [11] npej.nD.\araev. T£K>«e
Bbino \HCHHbl.M \CAOB1I6

, hj'.}, (3)

HaisoOAee npho npo^Bx^e^ca Mi iHHBCKHbif i xapaKrep cne^Tpa CP
fl BoAbijMaHa, T — spevifl pe \ aKcau3n 1 )

B 3THX yCAOEH^.X AAH KD3(JjCf)HIJHeKTa Me}h3OHHOrO JlOJOapbepHOrO PCFAO-

N'OJKHO nO

7° (,.') = 5 3^(0)1 =
i, i

— C K O p O C T b \!e>K3OHHb!.\ nepexojOE .V — noK33?Te\b

' 3aMeTHM -ITO np»6\H?heHHe

•i S t/n [ 1J B HameM c.\j iae peaAH3 ooparnoe y: \oBHe (L
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ripe VOM \ C H H H HCXOJHOH t-peat>i, a f^- — (|)>HKI.JHH, He\iOHOTOHHbr\i o6pa3O\s
OT

sin 50 — sin ^a —

/,- T f s -r iq

sin (k,a — ~n) ,2 sin (k , -a -j- "n')/2

e \p ( - /

sin

e\p (/ga/2) —

:, - ^,' -r a) a/2 ,

-" sin ( fc , - AV 4- <?) a/2

A, _ /, , J_ „/V£ A.,y C^

(/^5 -r &>• — a) a/2

^>- f A, — 9

_ I _

' ~ ~ '

sin

(5)

(6)

o_c(o))]i'.'( n = o, 1, 2, 3. ^7)

2*,

sasHCHMOCTb 3 (4) onpe^eAHeTCH noBe,ieHHe\i BCAH-
co6oH HHje rpax

s
J J

n*_
m

(3S)

- ?fw | die], (8)

rje 3B 3ony H o6o3HaHCHHH

H7M' = A + s , - l -s , ' , (9)

/„• (^, o) - A, cos *,</ + A,, cos (k, 4- o) rf. (10)

Ho (8) BHJHO, HTO noseaeHHe G ̂ , (w) B rpex o6AacT«x pasAH'-tfio. B
yx kpaiiHHx o6\aCTH\ G ,s, (<o) npHHHMaeT 'nocroHHHbie 3HaneHHH

i 0, finx^W^' + minfss (kz, q)

G,s- («) = 2-

EcAH /KC w ACWHT B OOAECTH, TAG BbinOAHHCTCH yCAOBHC ?KO = W±s ' -\-

~rjs*'(k:a q), TO Gii' (w) paBHO cyMMe Bcex rex orpesKOB B nepaoH MH-
HH30HC BpHAAK13Ha, 4AH KOTOpblX /«' [^z, < / ( « ) ] < fss' [kz,, < / («») ] •

B nacTHOM c \ynae 9^ ^ 1 (Kor^a npocrpaHCTBeHHan (pasosafl Heoano-
pOAHOCTb BOAHM H6 yMHTblBaCTCn) $yHKUHH ^j,1 (W) vnpHHHMaCT npOCTOH

Bii4, nCBTOpHroiJUHH cpopvy HAOTHOCTH COCTOHHHH B CP [1]

" ~ ftt°\, (,o) = -±- arc cos (
a'

, -2|A,| < ftw < W,s -f 2|A,|. (12)

3a\ietHM, IITO ^acroTHoiii HHiepBax npH tpiiKciipOBaHHOM d yae \HmiaaeTCH c
pCCTOM HOMCOa y p O B H H \Ii lHH3OHbl (Af - 6\p j - '/ ji\).

3 S-JXpe.-xT KV \OHO3CKOPO B3aHMOAeHCTB!IH 3ACXTpOHOB H JblpOK Ha

cnexTp ocHO3HO r o nor \ouier i i i j i BO \H3i i Topora xopomo '-isaecreH B npi iHun-



(5)

(6)

(8)

(9)

(10)

(11)

nt raKor 9t};(})eKT npi' H H S K K X TCMnepaTvodx HeooxojHMO npi ' - i ivarb so Brfi;-
\ taHi*e i: B C A } H a e ou :,IJOB npocrpaHCTaeHHO orpam. --eHHbn no O.ZHOM\ H:
ji3MepcH)iii (aB>vepHb' ' j noAynpOBCUHHKH [12 13]. pas.Mepho-xBariTOBaHHbiv
riAeHhs [14. 15]. CP crp>K7}pb' [8, 16])

Pacc.MOTpnv noceaemie KoacptpiiiiHeHTE .ve/s3OHHoro nor ,ojje- V.F B Cf
npi. > i6Te h> \OKcr:cKoro BsanMOjieMCTBii^ reHepi-p) eMbi\ B noaoap&epn^ix co-

3.\eKTpDhHO-4,blpOHHbIX J13P

nacTOib ' onTHqecKOro nepexoaa B ODAacrax a; c^peTnOro cnei.rpa 3
H M C T bP 6} aeM

= I T / . - q) -

TAC nepBbie ^sa M\eha B npaBOH MBCTH (13) o6vCAO3AeKW CP crp^KTyooii a
TpCTl'H - SByMepHblM K>'AOHOBCKHM B3aHMOaeHCTBHeV. SACCb Ru =

= m ~ e J / 4 /> x2, x — jHaAexTpHHecKafl npOHHuaeMOCTb, / = | / / z | ~- 1 1 — r\as-
HOC KBaHTOBOe H K C \ 0 (m, !f = 0, 1, 2,.. - COOTBeTCTBCHHO a3HMVTaAbHOe ii

paaiiaAbHoe KBaHTOBbie HHCAB) SKCHTOHHan nocrojiHHas Pnaoepra ecxt
/? = 4^?,., HTO CBH33HO c cpaKTOpoM aByy.ep^ocTH npocTpahCTBa HG (13)
BUJhO. HTO JHCAOXalJHfl AHCKpCTHblX COCTOHHHH BCCbMa HVBCTBHTC \bHa t H3-

paMcrpaM CP MO»;HO nOKasaTb [17], HTO KOacjKpKuHeHT norAOijueHiia B BTO\.
c \ynae oyaeT HMeTb (|)op\iy 4eAbTa-i})}HKUK3hHbix RHKOB Oanrop, \HHTMsaio-
IU.HH a \eKTpOHHO-abipoiHoe BsaHMO^eHCTBHe B o6AacTH aHCKpeTHOro cneKTpa,
ecTb [1 1]

1/2)-2, fo = 2/r / /m e2 (14)(0)!= = f0-2 (/

OH }Ka3biBaer Ha ^OCTBTOHHO CHAbHyio saBucimocTb CHA OCUIM \HTOpOT OT /
H KoscfxphyiieHT norAOLueHHK B OOABCTHX 4HCKpCTHOro cneKTpa B CP
npe4CT3B\^Tb CO6OH Ha6op je>bTa-(})>HKUHOHHb!A DHKOB, AOh3Arf3}}O-

nepe^ Kaj«4biM HOBWM noporoM MHHHSOHM SBMCTHM TaKJKe, MTO KO-
crAOiiieHHH 6yaeT 3aBHcerb OT (pOTOHHoro BOAHOBOFO Benropa <7
4>yHKiiHH l^s^'f' onpe^eA^eMOH (5).

norAOLueHHH B o6AacT«x HenpepwBHoro cneKTpa 6} ACT
TIMCTJJ BH4 (11)

'"H =- I- *?,- H 1 + ^p -2r.l :
,, s \ I \'l* — mm/ , <?)/

(15)

Aerxo snaeTb HTO norAomeHHe B STIIX oOAacTHx ToKJKe v. B C T B i i T e \ b H O K na-
DaMCTpaM CP H 33BHCHT C} meCTECHHO OT $OTOHHOFO DO \ h O B O P O BeKTOpol

Ho \ \ H C H H b i e oeavAbTaTbi OOSBOAJUOT A&Tb npocT>ro HHTepnpeTau;iK)
3KC«TOHHbiM aojcpeKTav npn MC/KSOHHOM nOASapbepnov, norAOiueHnH E CP
(puc. 2) Ha pHC)n i>e n > H K T H p H a « .\Hhus- cojTBeTCTB>e~ noBeaeHHio r,O9cpc|)H-
yiieHTd norAOojCHH^ npii nepexo^ax MCAJ\ noaoapbepHWMij cocTOf lHi iHMi i 6e2
ynera BKCHTOHHOPO 3(})(J)eKTa npH QQ ^ 1. CnAOiuHbie je \bTa- i5 '>HKu<:oHHb;e
J1IIKH COCTBCTCTEJIOT CBJJ3aHHbIM 3hCHTOHaM MoTTa B N i i i H H G O H H O M Cn°KTpe

OHH npOflBAfllOTCfl B BH^e > 3KHX AHKH1' j{ . 'N'CIOT H B I I O O \ i>Ul\ JO

cB«3i: np i iou 1 -\H3H nepBoro nopora [Sj D CP i!.\ s
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3

3!tTe\bHo paBHa 0.014 38, HTO npH HKGMIX reMneparypax B lerwpe pa3d npe-
Bbuuaer ana vonmHyio Be.MMiiHV B \ iacci iBHOM oopasue (Hanpstviep, Ca.4i").

PaAHyC 3KCHTOH3 B M3CCIIBHOM Co/Is

rex ^r 2,8 10"" CM, MTO o6ecnevnBaeT
BbinOAHCHHC yCAOBHH AByMCpHOCTIt

a <^ ref (uiHpHHa HMW a— 2-10~ r ' CM
[8]). FIpH 3TGM AAH paAtiyca nep-
3OH OOpOBCKOH OpOHTbl (/ = 0) B CP

noAyiaeM o f v ^0 ,7 10~r' CM. /IAK
7 - = 0 padHycbi pe3KO soapacraioT.

OoAOOHaH rpynna CBHsaHnwx CCCTOH-
HHH HaoArojaeTCH nepea Ka;K£biM HO-
BbiM noporow npH nepe\OA£ K noc-
Ae4yfOujeH HenpepbiBnofi oSAacxH.

KaK SHAKO H3 PHC. 2, anepre-
TimecKoe paccTO«nne %ie/K4y rpynna-
MH COCTOJIHHH 1 H 2 MeHbUie, H6M

rpynnaMH 2 H 3, HTO MO/KHO
PHC 2.

CCA;! j icxojHTfa H3 cneuncpHKH CP crp>KT>p. HB (15) BIIAHO, HTO yqei SKCUTOH-
HblX SCjXpeivTOB BjaAH OT nOpOFOB npHBOJHT K 3(J)<J)eKTHBHOMy yviCHblUCHHlO B6-

AHMHHbl norAOIgeHKH (na pHC. 2 3TO HSMCHCHHe HC OTpaJKCHo). OyCHKH nOKd-

3bIB3K)T, HTO yJKC B nepe.KOAC (4-^-4) 3TO yMeHbUICHHC MO/K6T AOCTHHb 25%.

SaMCTHM, HTO nOA06H3H T6HAeHlJHfl Ha6AK)AaAaCb B 3KCnepHM6HTe [8].

CfcaHKH B HenpepwBHbix o6AacTHX (B OTAHHHB or MOACAH c SecKOHenao
BblCOKHMII CTCHKaMH) 60ACe HAaBHO nepCXOAHT B o6.\aCTb nAETO H3-33 nOB6-

jeHHH CpVHKUHH G ^. IIJHpHHa o6AaCT6H C HAaBHblM nepCXOAOM B CP CTOyK-

rjpax VBeAHHHBaeTCH c pocTOM HOMepos CBHsbiBaeMbix MHHH3OH. HanpHMep,
A\H nepexoja (3—^3) 3Ta BCAHHHHa cocTaBAJieT 0,03 38, a JAH nepexo^a
(4—4) — 0,1 aB, ecAH swcoTa Sapbepa npn STOM L>0 ~ 0,25 38.

HTO BbiiuenpHBejeHHwe paccyjKaeHHH H
2,4-10

= 2,7
Biie

ycAO

CP
MHHH30H3.MH c s =£ Sf.

CaAs eepHbi, noKa cja <C 1, T. e A.\H nacTOT co - " ' '
a = 2 \Q~h CM;

xy.se.

npocTpaHCTBCHHOH
3anpeTOB B nepexoAax

STOT cpaKT MoiKer npoasHTbCH H\H B mnpOKO30HHbix CP CTpyKTypax, HAM
npn yBCAUHeHHH nepHoja CP (aanpHMep, B 3KcnepH.MCHTe [8] AOCTaTOHHO
UjHpHhy XMbl a y-BCAHHUTb B HCCKOAbKO pas). IlpH 9TOM npOCTpaHCTSCHHaJI

HCOAHOpOAHOCTb OKa/K6T BAHHHHC H3 HaCTOTHVK) 3aBHCH.MOCTb H npHBC.aeT K

CFAaiKltBaHHK) 3KCHTOHHbIX 3CfK})e!\TOB B JHCKpCTHblX H HCnpepblBHblX

CTJIX nor XOUJCHHH
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b\ G Sonma:

> i fu uj in ink f> n t if
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> nijf 1^1 t/FUJ ^ ^ tu w in ft t^tu & ^ -tuitfh J u* in n Lp i nth

wnijbfnJ wingn in 111 fim & iu It ujf j /^j/it^m fftit iu\i^wu

SUB-BARRIER ABSORPTION IN A STATIONARY SUPERLATTICE

G M HARUTYUNYAN, Kh. V NERKARARYAN

The ca l cu l a t i on of the in terband absorption coef f ic ien t was carried out in the-
"classical" case, when the f r equency of light was assumed to bind two min iband sub-
barrier states of d i f f e r e n t bands The i n f l u e n c e of two — d i m e n s i o n a l Viott excitons or
th is absorpt,on was s tud ied and a comparison w i t h experiment \vas made All these
considerat ions were carried out taking in to account the photon , \ u \ e sector ( t h e
phcise spa t i a l inhomogene i t j )
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