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Jlekumun 13-14:

JKCUTOHbLI B NOJIYNPOBOAHNKOBbIX
HaHOKpucTannax (npoaosmKkeHue).

«TEMHbIE» U «CBETMbIE» 3KCUTOHbI B KBAHTOBbIX AMax U
Toukax. PeHOMeHONOrMYyeckne Mmoaenn Bo3dyxaeHus u
pekoMOnHaLUnM HEpaBHOBECHbLIX HOCUTENEN 3apsaaa B
NonNyrnpoBOAHNKOBbLIX HAHOCTPYKTYpaX. YUeT CBA3U Mexay
nogcucTteMamm 3KCUTOHOB U HEPABHOBECHbIX
doTOBO3OYXOEHHLIX. POnb oXe-pekomouHauun n yaapHom
MOHU3aLUUN B AUHAMUNKE PEKOMOUMHALMN 3KCUTOHOB B
HaHoKpucTannax. AQP@eKT MynbTUNINLNPOBAHUSA
9KCUTOHOB U €ro BO3MOXHble NMpUMeHeHUs. BpemMsi XXN3Hu
9KCUTOHOB B aHCaMDIiAX HAHOKPUCTanoB..
doToceHCcMbunnaauusa NOMmMHECLIEHLIMN PeaKO3EMENbHbIX
MOHOB B CTPYKTYpax ¢ HaHOKpUCTannamMmm KpeMHUSL.



TpVIrIﬂeTHbIe U CUHITNETHbIe 3KCUTOHbI B aHCaMOnsax HaHOKPUCTansynoB
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OKCUTOHbI B reTepoCTpPYKTypax
(yyeT cnuH-opbuTanbHoro B3anmMoaencTBus)
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B cnyvae J_, .=2 usny4yartenbHasi aHHUrMnNsiLMA 3KCUTOHa 3anpeLleHa npaBmMnamMmm
oTOOpa, U TAKOMN IKCUTOH ABNSETCA «TEMHbIM», T.e. obnagaeT 6onbLWNMMHK
BpeMeHaMM XXU3HU Mo CPaBHEHUIO CO «CBEeTMbIM» 3KCUTOHOM (J_,.=1).



JKCUTOHLI B nonynpoBoAHUKOBbIX
reTepoOCTPYKTYPHbLIX KBAHTOBbLIX AMaX U TOYKaxX
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Ona 3KCUTOHA B KBAHTOBOW siMe, HUTU UITU TOYKEe CHUMaeTCH

BblpoXageHue ypOBHeﬁ JHEPIrnun rierknx n TaXxenbixX AbIPOK U BO3pacTaeT
POJIb CMNHOBbLIX COCTOSIHUN 3KCUTOHOB.



JKCUTOH B KpeéMHUeBbIX KBAHTOBbLIX HUTAX.
BNUAHWe pa3mMepoB, MOBEPXHOCTU N ANINEKTPUYECKOU NPOHMLLaeMOCTH
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cpeAbl Ha 3HEpPruro CBA3U U KOHUEeHTpauuko
3KCUTOHOB
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BrnusiHMe pacnpegeneHunsa no pasmepam KpeMHUeBbIX
HaHoKpucTtannoB Ha ®J1 nopucToro KpeMHus (pacyer)
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Ha nonoxeHune makcumyma poTONMOMMHECLIEHLMM BNUAET KaK CpeAHUN pa3mMep, TaK U
pa3bpoc (aucnepcusi) paamepoB HAHOKPUCTAanNIOB.
MHTEeHCUBHOCTbL (hOTONMOMMUHECLIEHLIUM 3aBUCUT OT TemnepaTypbl CIOXHbIM 0Gpa3oMm.



JKcnepuMeHTanbHoe nccriegoBaHue
doToNOMUHECLEHLUN NOPUCTOro KpeMHHUS
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« JKCNnepuMeHTarbHble U pacyeTHble cnekTpbl PJ1 xopoLo cornacyrTcs.

- Habnropgaetca nuMHeMHasi 3aBUCUMOCTb MHTEHCUBHocTM @PJI ¢ pocTom
MHTEHCUBHOCTU BO30OYXAEHUA, YTO HAXOAUTCA B COrfiacum ¢ MoAenbHo.

 OTKNOHeHue OT JIMHEMHOU 3aBUCUMOCTU TMNpU OONbLUMX MUHTEHCUBHOCTAX

BO30Y)XAE€HUA YKa3bliBalOT Ha OrpaHU4YeHHOCTb YuUcIla u3ny4aTtenen (KBaHTOBbIX
TOYEK).



DMHaMVIKa 3KCUTOHOB B aHCaMONSAX KBAHTOBbIX TOUYEK
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PL Intensity (arb. un.)

doToceHCcMbOMNU3auua nroMmmHecLeHUUN MOHOB Er
B CTPYKTYypax nc-Si/SiO,: Er
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AKCUTOHbI B HAaHOKpUCTarnsax KpeMHUs1 BbICTyNalT KaK JOHOPbI 3Hepru
(hoToceHCMOMNM3aTopbl) ANSA pPacnofioXeHHbIX B OKpYyXaloLlleM okcuae
KpeMHUA MOHOB Er, onTnyeckue nepexoabl B KOTOPbIX MPUBOAAT K CBEYEHUIO Ha
ANWUHE BOJIHbI 1.5 MKM.

MexaHu3m nepegavym 3Heprum ot IKCUTOHOB K MOHAM MOXET ObITb OnucaH
Teopuen Pepcrepa-flekctepa (MHAYKTUBHO-PE3OHAHCTHLIN NMEPEeHOC dHeprum).



JKcnepuMmeHTanbHoe uccriegosaHne 3apheKTMBHOCTHU
choToceHCUOMNM3aunMm nrOMMHeCUeHUN NOHOB Er
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NnC_Si ~1019 cm -3

Ngr ~1019 cm-3(A) or 5*101° cm-3 (B)

n A heKTMBHOCTL nepenayvm 3Heprum oT HaHOKpPUCTArnJIoOB BO3pacTaeT ¢
YMEHbLUEeHUEeM UX pasmepa.

. OauH HaHOKpUCTans MoXeT Bo30y)XXAaTb HECKONbKO PacnosiIoXXeHHbIX PAAOM
MoHoB Er+*3.

V.Yu.Timoshenko et al., Appl. Phys. Lett. (2004)



3aBUCMMOCTU MHTEHCUBHOCTU (pOTONOMUHECLIEHLIUMN OT
VIHTEHCVIBHOCTVI OnTI/I‘-IeCKOFO BO30YyXaeHus
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* [Npu BbICOKMX YPOBHAX OMTUYECKOro BO30YXAEeHUSA UHTEHCUBHOCTb 3KCUTOHHOMN
choTontoMUHECLIEHLIMK OFpaHNYNBaeTCA 6e3bi3nyvyaTeribHON OXe-peKoMOUHaLMen.

» lMepepaya aHeprMm oT 3IKCUTOHOB K HAaHOKpUcTannam Er3* ocnabnseTt notepu, Bbi3aBaHHbIEe
6e3bi3ny4yaTenbHON peKoMOUHaLUuen.

* UHTeHCUBHOCTbL 3pOoueBomn poTonroMmmHecueHUUU ¢ aHepruen ¢potoHoB 0.8 3B nmeet TeHAEHLUMUIO K
HacCbILWEeHWIO NPU ONTUYECKOM BO30YXKAEHUM C lgy > 10 MW/Ccm?, 4To yKa3biBaeT Ha JOCTUXKEHNe

WHBEpPCUU HaceneHHOCTeN YpoBHEeN B NoacucTeMe MOHOB Er3* .



KnHeTtuueckmne ypaBHeHus ans cucrtembl Er3t/ nc-Si
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« BpemeHa Xu3Hu poToNOMUHECLEHLUN NOHOB 3p6us Ers* 3aBUCAT OT YPOBHSA UX
BO30YXXAEHUSA, YTO MOXHO UCNOSIb30BaThb AfA KOFIM4eCTBEHHOro aHanusa
HacesIieHHOCTU YPOBHEMN.



MoaenupoBaHue oUHaAMUKN HacerleHHOCTUN B CBA3aHHOM
cucteme nc-Si/akuenTtop aHeprum
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KOHTPOJIbHbIE BONPOCHI K
Nekunam 13-14:

UemM oTnnyarTca «TeEMHbIE» U «CBEeTNble»
9KCUTOHbI ?

KakoBbl 0CODEHHOCTU ANHAMUKN PEKOMBOUHaL MK
9KCUTOHOB B aHCaMbriax HaHOKpUCTarnsioB?

UTo Takoe adpdekT MynbTUNNULMpoBaHNS
9KCUTOHOB N KaKOBbl €ro BO3MOXHblE
NPUMEHEHNA?

Kak peanunsyeTtcsl n Kak MOXET ObITb
Mcrionb3oBaHa poToceHcnbunmnaaumns
NMIOMUHECLIEHLINN peaKO3EMESbHbIX MOHOB B
CTPYKTypax C HaHOKpucTanmnamm KpeMHNNA?




