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AnHOmayus — B paboTe npuBegeHa mofernb Ans pacyeTa
CrekTpa ONTMYECKOro MOTSIOWEHNs KBaHTOBLIMU TOYKamu Ans
cryYasi CUINbHOro U craboro NPOCTPaHCTBEHHOMO OrpaHNYeHws.
[aHHas MoZesb XOpOLLUO cornacyeTcsi C 9KCnepuMeHTasbHbIMU
OaHHbIMU U MOXeT GblTb WCMOSIb30BaHa B MaTeMaTU4eckux
MOZENsiX, ONMCbIBaLWMX paboTy hOTOINEKTPUYECKMX NPeos-
pasoBaTenel Ha OCHOBE KBAHTOBbLIX TOYEK.

|. BBegeHue

Ycnexu coBpeMEHHOM 3MEKTPOHUKM 1 NEPCNEKTUBLI €€
OanbHenwWero pasBuTUsi B 3HAYNTENbHOW CTENeHW CBs3a-
Hbl C WCMNOMNb30BaHWEM MOMNYNPOBOAHMKOBBLIX KBAHTOBO-
pa3MepHbIX CTPYKTYp (KBaHTOBbIX SIM, MPOBOJIOK, TOYEK,
CBEPXPELLETOK U T.4.), obnagaroLwmx WMpokMM Habopom
3NeKTPOM3NYECKMX NapaMeTPOB B akTyarnbHOM Auana-
30He cnekTpa. VX npvmeHeHMe MO3BONSET COBEPLUEH-
CTBOBaTb NOTpebUTENbCKNE CBOMCTBA SMEKTPOHHbLIX Npu-
6GOopOB, OTKPbIBAET BO3MOXXHOCTU 1151 CO3[aHNs1 YCTPOMUCTB
HOBOrO MOKOMEHNS - KBaHTOBbIX KOMMbIOTEPOB, CBEPXYYB-
CTBUTENbHBIX AaTYNKOB, HaHOPOboTOB U T.4. [1].

PaspaboTka HaHOTExHOMOrun HeBO3MOXHa 6e3 mno-
HYMaHWs NpYMpPoabl NPOLECCOB, NpoTeKalLnX B 06beme
W Ha rpaHuuax pasgena martepuarnos. 3To CTUMynupyeT
o6OLUMpHbIE MCCNEefoBaHWS, MOCBSLLEHHbIE YCTaHOBIe-
HUIO B3aUMOCBSI3U 3NEKTPOHHBLIX CBOMCTB C COCTABOM U
CTPOEHWEM TBepAbIX Ten, pasBUTUID TEOPEeTUYECKUX
MEeTOA0B M PU3NYECKMX MOAENeEN AN pacyeta un kade-
CTBEHHOrO aHanm3a 9MeKTPOHHbIX W konebaTenbHbIX
CNEKTPOB HWM3KOpas3MepHbIX CTPykTyp. CBOWCTBa nony-
NPOBOOHMKOBBIX HAHOMATEPWUAroB CUITbHO OTNUYaTCA
OT CBOWCTB OOBEMHbIX MaTepuarnoB, HOCSAT KBaHTOBbIN
Xapaktep M MoryT ObiTb aJekBaTHO OMMCaHbl NULLb C
NPUMEHEHNEM COBPEMEHHbLIX METOA0B NCCINELOBaHNS.

K nccnepoBaHmnio NonynpoBOAHUKOBBLIX HAHOCTPYKTYP
npuBneKkawTcss nonyaMmnupuyeckne Metoabl (MeToa
CUINbHOW CBA3W, MeToA 9PEKTUBHON Macchl U T.M.), KO-
Topble AatoT bonee HarnNggHOe onucaHue C y4eToM OcC-
HOBHbIX 3MEKTPOHHbIX npoueccoB. HepoctaTtkom nony-
3MMMPUYECKUX METOLOB ABNAETCH TO, YTO MX NapameTpbl
onpeaensioTcs M3 3KCMepMMEHTarnbHbIX AaHHbIX, KOTO-
pble 3a4acTyl0 HeMnorHbl U HEOAHO3HAYHbI, @ UCMOoMb3ye-
Mbl€ YMPOLLEHMUS CYxatoT 06nacTb NPUMEHEHUS OrpaHu-
YEHHbIM 3HEPreTUYECKUM UHTEPBANOM M YaCTHbIMU Cy-
YasiMM BHELLHMX BO34encTeuiA. B cBaA3u ¢ aTum nonyymnm
pa3BMTME MEeToAbl, B KOTOPbIX CTPE MSTCA COeOVHUTb
[OCTOMHCTBA NONyaMnupuyecknx u ab-initio (npeackasbl-
BalLLMX CBOWCTBA Mano M3y4yeHHbIX MaTepuanoB 6e3s
NpUBMeYeHNs IMNMPUYECKON NHAOPMaLIMN) NOAXOAOB [2,
3]. MNoTpebHOCTb B OMMCaHUM LpYrux, MHOroobpasHbIX
HaHOCTPYKTYp TpebyeT pa3BUTUS HOBbIX METOOOB, Mpu-
MEHEHVEe KOTOPbIX JOIMKHO ObITb HanpaBreHo Ha pelle-
HVe akTyarnbHbIX Npobrem u3nKkmn NoNynPOBOAHMKOB.

Llenbio paboTbl siBNsieTcs uMccregoBaHue OnTude-
CKMX CBOWCTB MONYNPOBOAHWKOBbIX KBAHTOBbIX TOYEK,
CMHTE3NPOBAaHHbLIX B CTEKNAHHON MaTpuue, 4To SBnseT-
CA BECbMa aKkTyanbHbIM AnNs pa3paboTkn HOBbIX nNpubo-
POB KBaHTOBOW 3NTEKTPOHUKMU.

Il. MornoweHne KBaHTOBbIMU TOYKAMM

Wccnepyemasi  cTpykTypa npeactaensieT  coboi
KBAHTOBble TOYKM W3 MONYNPOBOAHMKA C KyGUYECKOW

CUMMETpPUEN, BHEAPEHHbIE B OUINEKTPUYECKYD MaTpu-
Uy, Hanpumep, cTekrno. Torga HaHokpucTannbl B 3TON
mMaTpuue MMerT MouvTu cdepudeckyto copmy, U Ans
ONUCaHUsi UX 3MNEKTPOHHOW MNOACUCTEMbI MOXHO BOC-
NMonb30BaTbCA MOAENbIO KBAHTOBOW TOYKN C BECKOHEYHO
BbICOKMMW MOTEeHUManbHbIMU Gapbepamu Onsi 9NekTpo-
HOB, ObIPOK 1 3KCUTOHOB.

OAHOMOTOHHBIE MEX30HHbIE Mepexoabl OyayT npu-
BOOAUTb K MOrMOLLEHNIO CBeTa KBAHTOBbLIMM TOYKaMM.
[ns onncaHust aToro npouecca NPUMEHUM [BYX30HHYIO
MoZenb nonynpoBoaHuka [4, 5]. BeposaTHocTb nepexoaa
B e4VHULY BPEMEHU MeXAy HayanbHbIM Vo U KOHEYHbIM
Vi COCTOSIHUSIMA JOUCKPETHOro CrekTpa 3feKkTPOHHOW
noacucTembl € nornoweHnem ¢otoHa hw B nepeom
nopsigke Teopun BO3MYLLIEHUI OnpepensieTca criegyto-
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Ecnu nonynpoBogHvKoBasi KBaHTOBasi TOYKa Haxo-
OUTCS B PEXMME CUMbHOro NMPOCTPaHCTBEHHONO OrpaHu-
YeHUs TO, ANs MEX30HHOro MaTPUYHOrO 3feMeHTa
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AeHHaaA Macca 3N1eKTpoHa 1 ObIPKA.
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HenogBwxHoro obbemHoro akcutoHa, M - macca ak-
CUTOHA.

Takum obpasom, kaxabld 4neH B cymmax (2) u (3)
onucbiBaeT OTAENbHbIN OAHOMOTOHHLIN nepexoa U on-
TUYeckme nepexoabl 0bnagatT KOHEYHOW CNeKTpanbHON
LUIMPUHON Y, KOTOpas onpeaensercss BpeMeHeM >M3HW

3MEKTPOHOB, AbIPOK U 3KCUTOHOB.

3Hass BEpOSITHOCTb OAHOMOTOHHOIO Mepexoda B
eaVHULY BpeMeHU, nonyyaemM KoadULUMEHT norsoLle-
HUS1 cBeTa OL aHcambrieM MOEHTUYHLIX KBAHTOBbLIX TO-
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Il. 3aknovyeHue

Takum 06pasom, CnekTp oaHOGOTOHHOIO MEX3OHHO-
ro nornoweHnss aHcambnem MWOEeHTUYHbIX KBaHTOBbIX
TOYeK NpeacTaBnseT cobon HaGop NUHMIA C NOMYLUNPK-

HOW Ha nonyBbicoTe, paBHoit 7y, v My, . Ans cunbHo-

ro u cnaboro NPOCTPAHCTBEHHOTO OrpaHUYeHUst COOT-
BeTCTBEHHO. Kaxgas nuHusi B Habope cooTBeTcTByeT
0ZHOYOTOHHOMY Nepexody, pa3peLleHHOMY NpaBunamm
oT6opa. CnepoBaTenbHO, Npu OAHOMOTOHHOM NOrMo-
LEeHUN KBAHTOBLIMU TOYKaMU B PEXMUME CUIBHOIO Mpo-
CTPaHCTBEHHOrO OrpaHUYeHUsl pPoXOaloTCs INEKTPOH U
AblpKa C OAMHAKOBLIMM KBAHTOBbIMU Yucnamu. Mpu no-
[MOLIEHNN CBETa KBAHTOBLIMU TOYKAMU B PEXWME Cria-
6Oro MpPOCTPaHCTBEHHOrO OrPaHWUYEHUSI BO3HMKAIOT K-
CUTOHbI C HyMNeBbIM YrIoBbIM MOMEHTOM. HuskoaHepre-
TUYECKMIA Kpaii MOTTOLLEHUS KBAHTOBbIX TOYEK CABUHYT B
CTOPOHY BbICOKMX 3HEPruii Mo OTHOLUEHWIO K Kpato Mo-
rMoLEeHNsT B OObEMHbIX MaTepuanax Ha BermuuHy

h? 'TEZ/Z-M- R? pans pexuma CUNBbHOTO NPOCTPaH-
CTBEHHOTO orpaHnyeHust " Ha BEMUYUHY
h* -nz/Z- M -R? pns pexuma craboro npocTpaH-
CTBEHHOTO orpaHudeHust. U3 (4) BUOHO, YTO MpU NpoUmx
paBHbIX YCMOBUSX aMNnUTyaa NUHUA B CrekTpe norno-
LLIEHUs] KBAHTOBBLIMM TOYKAMU B PEXMUME CUMBHOTO Npo-

CTPaHCTBEHHOro orpaHun4yeHna BO3pacTaeT C yBelnn4e-
HMeM YyrnoBoro MOMEHTa 3JIEKTPOHOB W [ObIPOK Kak

(2-| +1). B crnyyae KBaHTOBbLIX TOYEK B pexume cnabo-

ro NPOCTPaHCTBEHHOrO orpaHunyeHus (5) cnekTp normno-
LeHna chopmmpyeTcs rnaBHbIM 06pasom camblM HU3KO-
3HepreTuyeckum nepexogoM N =1,n =1, nockonbky
amnnuTyabl fIMHWIA, COOTBETCTBYIOLUMX BbICOKOIHEpre-
TUYeCKMM nepexofam, ybbiBalOT C POCTOM 3KCUTOHHBIX
KBaHTOBbIX Yncern. Kpome Toro, us (5) cnegyet, 4to am-
NAuTyA4a cnekTpa norfoleHns S3KCUTOHaMM NponopLmo-

y 3
HanbHa o6bemy kBaHToBoW Toukn R,
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INTRABAND ABSORPTION
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Abstract— This paper presents a model for calculating the op-
tical absorption spectrum of quantum dots for cases of strong and
weak spatial constraints. This model agrees well with experi-
mental data and can be used in mathematical models describing
the operation of photovoltaic cells based on quantum dots.

|. Introduction

The development of nanotechnology is impossible without
understanding the nature of the processes occurring in bulk and
at interfaces between materials. This stimulates extensive re-
search on the establishment of the relationship of the electronic
properties of the composition and structure of solids, the devel-
opment of theoretical methods and physical models for the
calculation and qualitative analysis of the electronic and vibra-
tional spectra of low-dimensional structures. The properties of
semiconductor nanomaterials differ from those of bulk materi-
als, they are of the quantum nature and can be adequately
described only by using modern methods. The aim is to study
the optical properties of semiconductor quantum dots synthe-
sized in a glass matrix, which is highly relevant for the devel-
opment of new devices of quantum electronics.

II. The Absorption of Quantum Dots

The investigated structure is a quantum point of the semi-
conductor with cubic symmetry, embedded in a dielectric ma-
trix, for example, glass. Nanocrystals in the matrix are almost
spherical in shape, and to describe their electronic subsystem
can use the model of a quantum dot with infinitely high potential
barriers for electrons, holes and excitons.

I1l. Conclusion

Thus, the single-photon interband absorption spectrum of
an ensemble of identical quantum dots is a set of lines with half-

width at half maximum equal hyn, 7 hynn\ to the strong and

weak spatial constraints, respectively. Each line corresponds to
the set of one-photon transition allowed by selection rules.
Consequently, electron and hole are born with the same quan-
tum numbers, when one-photon absorption of quantum dots in
the strong spatial confinement takes place.
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