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Ha ocuoBanumu HUCcclieqoBaHUA 6LICTp0171 KWHETHUKH JIOMUHECHEHIIMN C BBICOKMM BPEMEHHLIM pa3peneHueM

u3ydeHa pelakcanua $HoToBo36yHAeHHBIX HOCHTelel B mponecce opMHpoOBaHVA MPOCTPAHCTBEHHO pa3feleH-

HBIX CIIOEB 3IEKTPOHOB U ObIPOK B reTepocTpyKTypax 2-ro tuna ZnSe/BeTe. aMepeHbI BpeMeHa yX0[a JbIPOK

T U3 cnof ZnSe B CTPyKTypax ¢ pasnnuyHoi TonmuHo# cioa ZnSe (7 = 2.5, 7.5 u 23 nc gua Tonmus d = 10,

15 u 20 HM, cooTBeTcTBeHHO). IloKasaHo, YTO yBelMueHHE BPEMEHHU T MOKET OBITh OGBACHEHO yMeHbIIeHUEM

CKOpOCTH yXxofa (poToB036y#JeHHBIX AbIPOK M3 HUHKHEro HajbGaphepHoro ypoBHA B cioe ZnSe B cuoii BeTe c

POCTOM TOJIIHMHBI CIIOA ZnSe.

PACS: 73.21.—b, 78.66.Hf, 78.67.De

TletepocTpyKTyph! 2-ro THNA ABIAIOTCA Ype3Bblyaii-
HO MHTEPECHBIMU KBa3UJBYMEDPHBIMU CUCTEMAaMM, OTIU-
yuTelbHafd 0COGEHHOCTh KOTOPBIX — HAIMYME MUHUMY-
MOB SHEpPruu AJf 3NeKTPOHOB U ABIPOK B COCEHUX CIO-
fIX CTPYKTYPBI, UTO CYLIECTBEHHO BIMAET Ha UX ONTH-
veckue cBoiictBa [1-3]. B Takux cucremax B mpouecce
penakcanuu CBOGOJHBIX HOCUTENENl M0 SHEPruu Mpouc-
XOAUT UX NPOCTPAHCTBEHHOE pa3jelleHue, B pe3ylbTaTe
yero (JOpMUPYIOTCA YepeNyIoUrec CI0U BIEKTPOHOB U
IBIPOK.

B wHacrosameit paGoTe NpoBeleHO [AeTalbHOE W3-
yueHHe MNUKOCeKYyHIHOW KUHETUKU (opMUpOBaHUA
SIEKTPOHHO-ABIPDOYHBIX CIOEB HA NPUMEDPE CTPYKTYP
2-ro Tuna ZnSe/BeTe.

CrpykTyps! ¢ kBauToBbiMU fiMamu (KfI) ua ocHoBe
ZnSe/BeTe sBasiorca muporosonHbimMu II-VI rerepo-
CTPYKTypaMu 2-ro Tuma ¢ Gonbuioil BeIMUMHOM oKalu-
3YIOIIEro NOoTeHLMana Kak [JJif 3JIeKTPOHOB B ciioe ZnSe
(Z 2.23B), Tar u aaa geipok (~ 0.8 3B), MuUHUMYM 3HEp-
I'MU KOTOPBIX HaxonuTcA B cioe BeTe [4]. 3oHHanA cxeMma
rerepocTpykTyp ZnSe/BeTe npencrasnena Ha puc.la.
Benuuuna zanpeiedHoit 30HbI B cioe ZnSe cocTaBnfer
Eg“se ~ 2.83B, Torma kar B cioe BeTe ona cymect-
BenHo Gompme: EpeT® ~ 4.55B [5]. Cnabnoe pasnmune
B BEJIUYUHE 3allpelleHHON 30HbBI N03BoNAEeT Hpu (oTo-
B030yI€HUU TeHEePUPOBATDH ANEKTPOHHO-ILIPOYHbBIE Ma-
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pBI TONBKO B ciioe ZnSe. 3areMm, npu mocieayrolei pe-
JaKcaluy 10 SHePrun, MPOUCXOIUT paccesHue NbIPOK U3
cioa ZnSe B cioit BeTe.

IIpocTpancTBEHHO MpAMEBIE ONTUYECKUE MEPEXOIBI —
nepexofs! 1-ro tuna (ctpenska DT Ha 30HHO#N cxeMme Ha
puc.la) peanusyioTCA B CTPYKTypax 2-ro TUNA MEHKAY
COCTOAHMAMU DIEKTPOHOB U JBIPOK, JOKANTU30BaHHBIMU
B OJHOM U ToM ;3Ke cioe. IIpu aToM oxgmH U3 Hocuteneit,
Y4YacTBYIOIKNX B TaKOM NEpeXojie, HAXOJUTCA B HUMAl-
meM Bo30y#aeHHoM coctoaHuu B Kfl, a gpyroit — Ha
HUskHeM HanGapbepHoM ypoBHe. Hammume nHanGapnep-
HBIX yPOBHeii GbLI0 POAEMOHCTPHPOBAHO B paGoTax [6—
10]. B cayuae crpykTyps! ZnSe/BeTe nocurenem, Ko-
TOpPBI HAXOJUTCA B HagO0apbepHOM COCTOAHUU, ABIAET-
ca ¢oroBo30yaeHHaa Abipra. HccnenoBaHue Han6aphb-
€PHBIX ABIPOYHBIX COCTOAHMII B CTPYKTYypax Ha OCHOBE
ZnSe/BeTe 6b110 mpoBegeno B [11, 12]. CymecTBoBaHMe
(poToBO30Y:#JeHHOI OBIPDKKM Ha HUMalilleM Hazxbapbep-
HOM YPOBHe IPOABIAETCA B HAIUYUH NOJOCHI B CIEKTpE
doTtomomunecuennuu (@JI), oTBevaomeil U3LyJYaTelb-
HOH peKoMOMHanuu (HoTOBO30YMIAEHHBIX 3JIEKTPOHOB U
IbIPpOK B cloe ZnSe B obmacTu sHepruit Eg; ~ 2.83B
(monoca DT na puc.1b). Takum o6pasom, npsamMbie u3Me-
peuua kuHeTuru ®JI ana monockr DT oTKphIBalOT BO3-
MO{HOCTB MOTY4YeHUA JaHHBIX O CKOPOCTHU yX0/a AbIPKU
U3 HanGapbepHOro COCTOfHUA B COCEJHUI Cloii reTepo-
cTpykTyphl. Kak paHee Hamu 6blI0 NmoKasaHo B paGoTe
[13], AnA cnekTpanbHOl MOIOCH MPAMOrO mepexoja Ha-
6ai0jaeTcA CyIeCTBEHHOE BO3pacTaHNe UHTEHCUBHOCTH
@JI c poctom TonmuHEI ciof ZnSe, YTO CBUJETEILCTBY-
€T 0 3aBUCHMOCTH CKOPOCTH yxoaa (oToBO30Y:HASHHOM
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Puc.l. (a) — 30HHasA cxema reTepPOCTPYKTYp 2-ro Tuma
ZnSe/BeTe. BomHucTble CTPEIKH OTBEdYalOT Ge3bI3iyda-
TeIbHBIM Iepexo/iaM 3IeKTPOHOB U JIBIPOK C UCIYyCKaHUEM
ONTUYECKUX M aKyCcTU4YecKUX HOHOHOB; el — HUMHUI BIeK-
TPOHHBIN ypoBeHb M hhl — HUMHUI HagGapbepHLIR ypo-
BeHb ObIpKM B cioe ZnSe. (b) — cmexTps! @JI ZnSe/BeTe
npu (oToBo3Gy#aeHnn HenpepwriBHEIM He-Cd — nazepom
(cnmomHana kpuBas) U 2-0ii rapMOHMKON MUKOCEKYHIHOTO
Ti-Sp nasepa (ToueuHaa KpuBasn)

IObIpu u3 ciod ZnSe ot ero Tonmuubl. I[logoGuas 3a-
BUCUMOCTbL MHTeHcuBHOCTU DJI [A NpPAMEBIX MEpPexomoB
1-ro tuma B rerepocTpykrypax 2-ro tuma CdSe/ZnTe
ot Tonmuusl cioa CdSe Geuia usyuena B paote [14].
HenpsAMmbie B MpOCTpaHCTBE ONTUUYECKHE MEPEXOMbI
(crpenra IT ua 30HHOIt cxeme puc.la U, COOTBETCTBEHHO,
cnektpansHas nonoca IT Ha puc.1b), oTBeuaromme usmy-
yaTelbHON peKoMOUHANNU (POTOBO3OYHAEHHBIX BIEKT-
poHOB B cioe ZnSe u awipok B cioe BeTe, nHaxonAT-
cA B CIEKTpaibHO# obnactu = 2.05B [4, 12] npu Hus-
KUX ypOBHAX (poToBO3GYy:#aeHuda. C pocTOM MHTEHCHUB-
HocTH (POTOBO3OYHIEHUA U3-3a BO3pacTaHUA IIIOTHOC-
TH HOCUTENell TOKA B MPOCTPAHCTBEHHO pa3[eleHHbIX
ANEKTPOHHO-ABIPOYHBIX CIOAX MPOUCXOAUT U3ruG 30H, B

pe3ynbTaTe yero HabmojgaeTcA (UONETOBBIH CABUT IO-
nocel @JI gna HenpAMoro mepexoga, KOTOPBIM JOCTUTra-
eT BeMUUMHEI & 0.53B npu BrICOKMX YpPOBHAX ONTHYeC-
KOil Hawayku [3]. DUONETOBBINA CABUT CONPOBOMAAETCA
YMeHBIIEHNEM BPEMEHU M3NyYaTeNnbHONH peKoMOuHanuu
HenmpAMoro nepexojga oT BenuuyuHbl 100 HC IpU HU3KUX
YPOBHAX Hakauku BIIOTH 0 0.1 HC mpM MaKCcMMalbHO
BBICOKMX ypOBHAX Bo30ymjenus [15]. Kunerura cop-
MUpOBaHUA U PopMa cneKTpankHoii nonoce! ®JI, oTBeua-
jonlell u3nyJyaTenbHOl peKoMOMHaUY 3I€KTPOHOB U JbI-
POK, HaXOJNAIUXCA B Pa3HBIX CIOAX I'€TepOCTPYKTYPHI,
NO3BOJAET MPOCIEeJUTL 3a pellakcanueil JbIPOK B Clioe
BeTe ¢ Kl ana peipok.

HccnepoBanusa kuneturu ®JI npocTpancTBeHHO NIpA-
MBIX TEPEXOJ0B MNPOBOJUINCH Ha TEeTEepOCTPYKTYpax
2-ro Tuna Ha ocHoBe ZnSe/BeTe. CTpyKTYpbl GbIIH BbI-
paiieHs! B YHuBepcuteTe r.Biopubypr metomom MBE
Ha noanoxkax GaAs [11, 12] c¢ opuenrauueit (001) u
npeacTaBaAnU co60il cBepXpelleTKM, COCTOAILINE U3 Ye-
penytomuxca cioeB ZnSe u BeTe: oGpazen QW20 —
(20/10)x10, QW15 — (15/7.5)x5, QW10 - (10/5)x5
(nepBoit nudpoit yrazana Tonmuna cios ZnSe B HM, BTO-
poit — cnoa BeTe, 3aTeM — uucio nepuoaos).

O6pa3sier moMeNanuchy B napax rejidf B ONTUYECKOM
TepMocTaTe C TeMIepaTypoil, peryiaupyeMoil B Auana-
3oue T'=4.5—-100K.

Bos6y:nenue ®JI ocymecTBIAIOCH C TOMOIIBIO UM-
nynbcoB 2-it rapmonuku Ti—Sp-nasepa, paGoraBiero
B NHUKOCEKYHAHOM peNMe (IIMTENbHOCTH HMIYIbCa
=~ 1nc, yactora noBTopeHuii umnyiscos 76 MI'u, cpen-
HAAl MOLIHOCTD 2-# rapMOHMKY cocTaBnsAda ~ 400 MHBT).
JlazepHoe u3mMyueHNe Ha ANUHE BOMHBI A ~ 420HM
(Awexe ~ 2.9523B) ¢dorycupoBaroch B HATHO SUaMET-
poM =~ 50 MKM Ha moBepXHOCTH 06paslia U MOrioIanoch
TONBLKO B clofiX ZnSe (Tak Kak BelWYMHA 3ampeleHHOM
sons! B BeTe EP¢T® ~ 4.55B).

Paspemennsie no BpemeHu cnekTpsl DJI peructpupo-
BallUCh C MOMOIBIO CHEKTPOMETPA C HU3KOU JUCIEPCH-
eit (c audparunonHoit pemerkoit 300 mt/MM) U co cre-
IUalLHO OrpaHUYeHHol anepTypoil. CnekTpoMeTp GbLI
COIPAMEH CO CTPUK-KaMepoii ¢ BpeMEeHHBIM pa3pelleHH-
eM ~ 2mnc. B memom ycraHoBKa nosBoifna MPOBOJUTH
npsAMble U3MEPEHUA BpeMeH 3aTyxaHuf uMmnyiscoB ®JI
JUIAl Pa3NUYHBIX CMIEKTPalbHBIX MONOC BILIOTH 10 HIIC, a
C UCHOJNb30BaHUEM JIEKOHBOIIONUY UMITYJILCOB CBEUEHUA
MO{HO OBIIO NPOBOJUTH OLEHKY BPEMEH 3aTyXaHUA 10
BenuuuH ~ 1.5 moc.

IIpu doToBO36Y:#AEHUN BNEKTPOHHO-ABLIPOYHBIX Nap
B cloe ZnSe KOPOTKUM lla3epHbIM HMIYJIbCOM B INpO-
necce ux OBICTPO#l penakcalUy MO DHEPrUU DIEKTPOHBI
(mpu OTHOCHUTENBHO HU3KUX MIOTHOCTAX HOCHTENEl) 3a-
cendoT Huamuii yposeds el KfI B ZnSe, Torga xwak
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IOBIPKM pelakcupyloT nu6o oo Humaiimero Hag6aphepHO-
ro yposua B ZnSe hhl, mu6o moryTt yacTuuHo (cTpen-
kM 2 Ha puc.la) mepeiitu B cnoit BeTe. Bpemsa zaty-
xanua @®JI ana npamoro nmepexona GyneT ompenenAThb-
cA BpEMEHEeM KU3HU T (POTOBO3GYHIEHHBIX NBIPOK Ha
HUkalimeM Hag6aphepHOM ypoBHe B cioe ZnSe. Bpe-
MA U3HU T ONpeJelnfeTcA U3NydaTelbHbBIM BpeMeHeM
SJIEKTPOHHO-ABIPOYHOI peKoMOUHanuu 7 B ciloe ZnSe,
BpeMeHeM uX Ge3bI3NydyaTenbHONH peKoMOUHALUU TNR U
BpeMeHeM yxo7ia HOTOBO30YH J€HHBIX AbIPOK Trey (CTpEN-
ka 1 Ha puc.la) us cnosa ZnSe B cioit BeTe:

1/7=1/r+1/7nRr + 1/Tra. 1)

Ha puc.2a npencrasiens! jaHHble no 3aTyxaHuio ®JI
B 061acTH MPAMOro OMTHUYECKOro nepexoja AifA obpas-
noB QW20, QW15 u QW10, coorBercTBenHo. Touka-
MM MOKAa3aHbl JaHHbIE sKcnepuMeHTa. TOHKUE MpPAMbIE

OTBeYaloT OJHO’KCIIOHEHIINAIbLHOMY 3aKOHY 3aTyXaHUA
dJI:

IPL(t) :IpL(t=0)-exp(—t/T), (2)

C MOCTOAHHBIMM BpeMeHH 23, 7.5 u 2.5mnc. Jlerko Bu-
IeThb, uTo anda obpasnoB QW20 u QW15 skcnepumen-
TalbHbIE JaHHBIE (CIUIOMIHbIE KPUBBIE) XOPOLIO ONUCHIBA-
I0TCA 3aBUCUMOCTBIO (2) ¢ Bpemenamu 7 = 23 u 7.51c,
cooTBeTcTBeHHO. B cnyuae oGpazma QW10 pna wxop-
PEKTHOrO OmpeaelneHUA BEIUYUHBI 7 Heo6XoauMo GbLIO
YUMTHIBaTh annapaTtHyio ¢yHKINIO BPEMEHHOI'0 paspe-
IIeHUA pPerucTpupylolleil cucTeMbl. 3HaueHUE BpEMEHU
3aTyxaHuf 7 ~ 2.5+ 1 1c olleHeHO MyTeM JIeKOHBOJMIOUHN
JaHHBIX BKCIEpPUMEHTA.

Ha BcTaBKe puc.2a B ABOiHOI JorapupmMuuecKoi
IKale OTJOMEHBI DKCIEPUMEHTANILHO ONpeJeleHHbIe
BpeMeHa 3atyxanua @JI nina npocTpaHCTBEHHO NPAMBIX
ONTHUYECKUX TEPEX0A0B B 3aBUCHMOCTH OT TOJIIMHBI d
crmoa ZnSe. CniomrHasa npAMad OTBeYaeT 3aBUCHMOCTH
T « d3. CleyeT OTMETHUTh, 4TO JJIA CIydasd IJIOCKMX
30H M OJJMHOYHOro 6apbepa AJf JbIPOK NMPOCThIE OLIEHKU
MO3BONAIOT MONYYUTh NMOJOGHYIO 3aBUCHMOCTh T X d°
Il BpeMEHU YX0Ja Tre] HagbapbepHOil JbIpKU U3 6aphe-
pa TonmuHoii d. JeilicTBuTensHO, ANA BPEMEHU MpoJeTa
T wnanbGaphepHOit ABIDKU CO CHKOPOCTBIO ¥ X Ell/ 2
Gapwepa wupuHoit d umeem T = d/v (cMm. cxemy Ha
puc.2b). YuuTbiBafg, 4YTO [JA IHEPTUU HUKANIIEro
HajaGapbepHoro ypoBHA E; npu GonblioM pasphlBe 30H
ua unrepoeiice Up > E; (rak u B ogunounoit Kf 1-ro
THNA) UMeeM

E, = (7h)?/2mpd® < 1/d?, (3)

rae my — macca AbIDKHM, ¥, TakuM obpazom, T o< dZ.
Tawrme ngna rospduurenta npospauHocTu uHTepdeiica
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Puc.2.(a) KpuBble s3aTyxaHuA HOMUPOBAHHOH HHTEHCHUB-
HocTn @JI B oGracTu mpAMBIX nepexomoB Ipr(t) B mora-
pudMuyeckom Macmrabe nua o6pasnoB ZnSe/BeTe ¢ pas-
nuuHOj TonmuHo# d cnosa ZnSe (o6pasusr QW20, QW15 u
QW10 ¢ d = 20, 15 u 10 ™, coorBercTBeHHO). Toukm —
pe3ylIbTaThl S3KCIEPUMEHTa, CILIOMHbIe IPAMbIE 0TBEYaIOT
OJHOBKCIOHEeHIManbHOMY 3aTyxaHuio (2). Ha Bcraske B
OBOMHOM norapudMudecKkoM MacmrTabe TOYKaMy IOKa3a-
HBI KCIIEPUMEHTAILHO OIpe/ieleHHble BpeMeHa 3aTyXaHUA
@®JI 7 npu pasnuuHoit TonmuHe d croa ZnSe. Cnmomuas
npsAMas oTBeuaer 3aBucumocty 7(d) o d*; (b) cxema pe-
naxcanuu (poToBo36yx#iJeHHONH ABIDKM K3 HaabapbepHOIo
cocTofgHUA B cioit BeTe

D umeem D o k1 Ell/2 (cm., nanpumep, [16]) u, cie-
noeatenbHo, D o« 1/d. OxonuaTennHO momydaeMm Hid
BpeMeHHU INpoJieTa HoCUTeNA Gapbepa U BhlIeTa B COCEl-
HUN CIOU Tyel:

Trel < T/D o< d®. (4)

IIpoBeneHHBIE HAMM YKCIEHHBIE PACYETHI BENUYUHBI Tre
ana crydas cepxpemeror ZnSe/BeTe npu paznuusbix
3HauYeHUAX d MOKa3alnu, YTO UMEET MECTO Golee CIOK-
Haf 3aBUCHUMOCTh, YeM Tyq X d°. Tem He MeHee, ans
uccirenyeMbIx 06pa3loB ¢ KOHKPETHBIMU NapamMeTpamMu
pe3ynbTaThl pacyeTa XOpOLIO COTNIACYIOTCA C DKCHEepU-
MEeHTaNbHbIMHM AaHHBIMU. TOT ¢akrT, UTO, C OJHOH CTO-
POHBI, INA BCEX MCCIeAYyeMbIX 00pa3loB 3aTyXaHHUe MH-
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TeHcuBHOCTH nonockl DJI, oTBevaromeit npAMoMy nepe-
X0#y, UMeeT ONHO’KIOHEHIMalbHYIO 3aBUCHMOCTh, a C
Ipyroii — onpejendeTcA TOMIMHOM cioa ZnSe, no3BonA-
eT 3aKII0OYUTh, UYTO IJIA BCeX HCCIeAyeMbIX CTPYKTYP
BBINOJIHAETCA COOTHOIIEHUE Trel K TR, TNR-

O6patumcsa Tenepb K 0coGeHHOCTAM (HOPMUPOBAHUA
@JI B o6nacTy NpPOCTPAaHCTBEHHO HENPAMBIX NEePEXO0J0B.
Ha puc.3a npexacraBnenn! cnekTpel @JI gna obpasna
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Puc.3. (a) Cnextper ®JI gas ob6pasna QW15 mpu 7' = 6 K
B 061aCT¥ MPOCTPAHCTBEHHO HEMPAMBIX MEPEXOMIOB B pas-
JAWYHBIE MOMEHThI BpeMeHH Iocie Bo3by#iialomero na3ep-
Horo uMmnyinbca; (b) KpuBble 3aTyxaHusa (CIIOMIHBIE NTH-
Huy) uHTeHcuBHOCcTH @JI B cekTpanbHbIX obracTax, OT-
MeUeHHBIX CTpelKaMy Ha puc.(a), NYHKTUDHbIE IPAMbIe
OTBEUalOT BKCIIOHEHMATbHOMY 3aTYXaHWMIO C yKa3aHHbI-
MU BpeMeHaMu

QW15 B o6nacTu npoCTPAaHCTBEHHO HEMPAMBIX NEPEXO-
JIOB B pa3NuWyHble MOMEHThI BPeMEHH Iocie Bo36y:#aa-
IOIIEero Jla3epHOro ummnyibca. Jlerko BuAeThb, YTO B ca-
Mblif HayalbHbI MOMEHT Ha (PUONETOBOM Kphlie CIEKT-
paneHoit nonocekl DJI, oTBeuaromeit HenmpAMEBIM Iepe-
XoAaM, UMEETCA NPOTAMEHHBINR 6ecCTPYKTYPHBIN (OH.

Ha puc.3b npencraBnens! umnynbeb! @JI Ha pa3muuHbIX
JIVHaX BOJNH, yKasaHHBIX Ha puc.3a crpenkamu. [Jlnu-
TENbLHOCTh CBEUEHUA HA (PMONETOBOM KphLie (KpuBas 6
Ha puc.3b) momocer ®JI, oTBevaloIell IPOCTPAHCTBEHHO
HENPAMBIM ONTHUYECKUM IMepexojaM, CYIeCTBEHHO KO-
poue, ueM B ee MakcumyMe (kpuBas 1 Ha puc.3b). Yuu-
ThIBafl, UTO HabmIloJaeMbIii GecCTpYKTYpPHBIH (OH pac-
HOJI0EH B KOPOTKOBOIHOBOM 06/1acTH MOJIOCHI HEMPAMO-
ro nepexojia, a TaKKe ero oUueHb GBICTPOE BPEMA CBEYE-
HHf, 3TOT (POH ecTeCTBEHHO OTHeCTU K ropadveil ¢oto-
movutecuennuu (I'®JI), kotopasa ¢dopmupyerca B pe-
3yJbTaTe NMPOCTPAHCTBEHHO HENPAMON H3IydyaTelbHOMN
peKoMOMHANNY 3IEeKTPOHOB B clioe ZnSe U JbIPOK B clloe
BeTe B nponecce ux penakcanuu no 3HEpPruu. 3agHuit
(POHT MMIyJIbca CBEUEHNA MPAKTUYECKN He U3MEHAET-
cA Ha BCceM MPOTAMEHNN KOPOTKOBOJIHOBOI obnacTu I'JI
B o6nacTy sHepruit E = 2.15 — 2.08 5B (xpuBas 6) u xo-
POIII0 ONMKCHIBAETCA OAHOYKCIOHEHIIUANLHBIM 3aTyXaHU-
eM co BpeMeHeM 3aTyxaHufa ~ 6mc. HKawr cmegyer us
pellleHNA KUHETUYECKUX YPaBHEHUi ANA JBYXYpPOBHe-
BOii cucTeMbl (KOTOPYIO MOM{HO CUATATH XOPOLIUM MpPU-
GnueHNeM AJf pacCMaTPUBAaEMOii pealbHOo CHCTEMBI),
3agHuil QPOHT UMNYyJbca CBeUEHUA Bcerja oTBevaer 60-
Nee NIVHHOMY BpPeMEHU CUCTEMbI, TOTJa Kak NepeaHuii
¢poHT oTpamaeT Haubolee KOPOTKOE BpeMA. XapaKTep-
HOe BpeMsA pellakcalliy JbIPKU B JBYMEPHBIX CTPYKTY-
pax ¢ yuyactueM nu6o LO-¢donoHa, nubo ¢ ucnyckanuem
BBICOKOYACTOTHBIX aKyCTUUYECKUX (OHOHOB, KaK MpaBH-
710, Kopode uiu GIM3Ko no BenuuuHe K ~ 1nc [17]. To-
aTOMYy HabmiojaeMoe Gollee ANMHHOE BpeMA 3aTyXaHUA
~ G IC ecCTeCTBEHHO OTHECTH K CKOPOCTH mpuxoga “ro-
pAYMX”’ HOCHUTeNell B JaHHOE COCTOAHUE.

IOnsa crpyurypsl QW20 B KOpPOTKOBOIHOBOI o6iac-
T I'®JI (MHTEHCHBHOCTL KOTOPOIi Gbllla 3aMETHO HUMKE,
uem B QW15) Bpemsa 3aTyxaHua coctaBafer =~ 20mc.
Takum o6pasom, BpemeHna 3atyxauua I'@JI B cTpyKTy-
pax QW15 1 QW20 6nu3ku 1o cBoeil BEIUYUHE Tl B
JaHHBIX CTPYKTypax. IJTO yKa3blBaeT Ha TO, YTO Ha
HavyalLHOM 3Tane ObICTpas penarcanud GoToBo3GyxaeH-
HBIX JIBIPOK NPEUMYIIECTBEHHO IPOUCXOAUT B clioe ZnSe
J0 HU:Kalimero Han6aphepHOro YPOBHA, C KOTOPOro 3a-
TeM AbIpku yxonAaT B cnoit BeTe. Toabko MeHbInaa go-
nAa nbIipok nepexoaut B cioit BeTe, He moxonsa no HuM-
Hero HanaGaphepHOro ypoBHA B cioe ZnSe (cTpenkm 2
ua puc.la). Tem He MeHee, 3TUMH IMpolieccamu, I[O-
BUIMMOMY, ONpeeNA0TcA 6ollee KOPOTKUE BPEMEHA 3a-
tyxauusa I'®JI (6 nc Bmecto 7.5 nc auasa o6pasua QW15 u
20 mc BmecTo 23 ne ana o6pasua QW20) no cpaBHeHUIO
CO BPEMEHAMH Tre]-

B obnactu Gonee Huskux suepruit E < 2.0753B Ha
(h1OoNEeTOBOM KpBhIe B HEMOCPEACTBEHHOM GIU30CTH K 1O-
noce ®JI nenpsamoro nepexona B ctpykrype QW15 (kpu-
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Bble 2 — 5 Ha puc.3b) Hapaxy c GeicTphIM (~ 6 11c) MOM-
HO BBIJENUTL M 3aMeTHO Gollee NIMHHOE BpeMA 3aTy-
Ilo Mepe yMeHBIIEHUA SHEPrUM KAk cama Be-
JMYUHA ANVHHOI'O BpEMeHU 3aTyXaHHf, TaKk U OTHOCH-
TEeNbHBIM BKIaj Gonee MeJIeHHOr0 CBeUYeHUA B 06IIYyIO
rkuHeTury ['®JI nenpepriBHO Bo3pacTaeT (CM. MyHKTHD-
Hble psAMbIe Ha puc.3b). JlnvHHBIE BpeMeHa 3aTyXaHUsA
(ot ~ 65nc BoTh 10 5501C) ecTECTBEHHO CBA3ATH C
BpeMeHaMU KU3HU HEPABHOBECHBIX BBICOKOYACTOTHBIX
aRyCTHUYeCKNX (POHOHOB, KOTOPbIe BO3HMKIMU B INPOIEC-
ce pelakcaluy ropfAYuX Hocuteneil. BzaumopneiicTBue
HOCUTENell ¢ HepaBHOBECHBIMU (OHOHAMM NPUBOJUT K
¢opmupoBaHuio “ropsavero xBocta” pacnpeneneHus Ho-
cuteneil B o6nacTu sHEPruil, 0TBEYAIONIUX (UONETOBOMY
kpbiry ®JI monockr HenpaMoro nepexona. OcoGeHHOCTH
ruHetuku ['®JI B 3aBUCUMOCTH OT cHeKTpalbHOrO IO-
loeHuA Ha puoneToBoM Kpblie nonockl @JI orpamaioT
BpeMeHa KU3HM M YKciIa 3anoJHeHUA HePaBHOBECHBIX
(HOHOHOB, aKTyaNbHBIX [JIfl COOTBETCTBYIOIIEi oGnacTu
SHEPruu.

B oGnactu eme Goee HU3KUX BHEPruit BOMU3M MaK-
cumyMa mnonockl ®JI, oTBeuaroineit HempAMOMY ONTH-
YeCKOMY NepeXoLy, BpeMd 3aTyXaHHUA CBeUEHHUA CTaHo-
BUTCA XapaKTepHBIM [JIfA HM3IydaTelbHON peroMOWHa-
MU NPOCTPAHCTBEHHO pa3feleHHbIX 3JIEKTPOHOB U [bI-
pok u coctaBnseT 2 30 Hc.

TakuMm o06pa3oM, MpoBeJeHHbIE WCCIEJOBAaHUA KU-
HeTuku ®J] B MMUPOKO30HHBIX TreTEPOCTPYKTYypax 2-ro
tuna ZnSe/BeTe mnosBonuny npAMBIME H3MEPEHHAMH
onpeJenuTh BpeMeHa pelakcalUd Trel (OTOBO3OYHIEH-
HOU NbIpKU U3 HajgGaphepHoro ypoBHA B ZnSe B cioii
BeTe u ycTaHOBUTE XapaKTep U3MEHEHUA Ty OT TOI-
muHe! cnofi ZnSe. O6uapy:xeHa ropsadasa ®JI B o6nactu
NPOCTPAaHCTBEHHO HENPAMBIX ONTHYECKUX NEPEXOJIOB U
nokasaHo, 4To BpeMsa 3atyxanusa I'®JI onpenenserca B
OCHOBHOM BpPEMEHEM yXoJa IbIPOK M3 HUKaiiliero Haj-
6aprepHoro ypoBHA B cioe ZnSe B cinoit BeTe. Bonee
MeJJIeHHbIe BPEMeHa 3aTyXaHuf Ha (UOJIETOBOM KpBLIe
nonocel @JI, oTBevaromeit HeMpAMBIM HepexojaM, CBf-
3BIBAIOTCA C peNlakcanueil HepaBHOBECHBIX BBICOKOYAC-
TOTHBIX aKyCTHMYeCKMX (JOHOHOB, BO3HMKIIKUX NPU pe-
IaKcalyy ropAYUX HOCUTENEH.

ABTops! BeIpamaloT GraromapHocth B.JI. Kynakosc-
KoMy u C.A.IlepmoropoBy 3a mIOJOTBOpPHBIE HTUCKYC-

XaHuAd.
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