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OBIIASI XAPAKTEPHCTHKA PABOTBI

Axryannnocts Tembl. HoBelimue TeXHONOrHA, NPUMEHSEMBIE Ui POCTA HAHO-9ACTHIL
i manocrpykryp, takue xak MBE (molecular beam epitaxy), MOCVD (metal-organic
chemical vapor deposition) m PLD (pulsed laser deposition), HO3BOJSIOT BEIPACTHTH
HAHOCHCTEMBI C 8TOMHON TOYHOCTHIO, BMECTE C TEM NOMACPXMBas CTPOrui KOHTPOIb Hal
IPOLECCOM HapaIMBaHHA.

B HaHocHcTeMax HaGMIONAIOTCA HOBBIE (bmuqec}aaé ABJICHHA, OOYCJIOBIEHHBIE
pa3sMepHBIM KBaHTOBAaHHEM, KOTOPBIE PaCKphIBAIOT HOBbIE HANMPABJICHHA B UCCACHOBAHIAX H
NPHUMEHEHHAX TOTYTIPOBOIHUKOB H ITONYNPOBOAHKUKOBEIX NpuGopol. Takue nepcrneKTHBHbIE
HAHO-OOBEKTBl, KaK KBAHTOBbIE TOYKH BECEMA  YCNEIMHO NPHMEHAIOTCH B
TenexoMMyBHuKauu [1-2], onroanektporuke [3-11], nemuueinod omtuke [12-14] =
BEIMCIHTENEHOMH TEXHHKE [15-16].

B ommyHe OT KBaHTOBHIX SIM, IIPH ONTHYECKOM NODIOMIEHWHM B KBAHTOBBIX TOYKAX,
npasHia BpIOOpa, OOYCIORJICHHBIC TMONSPH3ALMCH CBETd, HCYE3al0T, YTO IMOBHIIIAET
($OTOUYBCTBHTENLHOCT, NPHEMHHKA NPH HOPMANBLHOM mnajneHudm cseta. Kpome Toro,
6e3u3mydarentbHass peKOMOMHAIMS HOCHTENEH 3apsaja B KBAHTOBBIX TOYKAX CPABHUTEILHO
He 3¢dexTnBAa. DTH NpenMymecTsa GBUIM 00HAPYKEHHl B MHOIOYHMCIICHHKIX paforax, B
KOTOPBIX Uil CO3MAHMA HMHQPAKPACHBIX (POTONPUEMHMKOB HCHONLIOBANKUCH KBAHTOBHIC
TOYKH BBICOKOINO KaCCTRA, HAPANICHHLIC METOJIOM ("l'pllMCKll-Kpllc’l‘ll"()"ll.

JIpyruM BaXKHBIM [PHMCHCHUEM KBANTORLIX TOUCK MMMOTCN MX HCHOMLIOBAHME B

Ka4gecTBe akTHBHON CPe/nt i HOIMYHPOROAMKONLIX aepax [4-6], B ommiamne o1 KBanToBeix

AM M KBAHTOBBIX [POBONOK, B KBAHTORMX TOMKAX SHEpreTHiecknit CrekTp HOCHTENIs
3APAJION TOMHOCTHIO KIMUITONA, M, CHOAORRTILIO, WX HEPTeTHICCKMI CIEKTP MOIHOCTHIO
JUCKPETHIMPORAIL, DT0 HOMMOMNET KOHCTPYMPORITL JIIephl ¢ J0CTATOMHO Y3KUM paboanm
criekrpoM, C apyroft Croponsl, HOXOME Wi 1010, 10 B KBAHTOBBIX TOYKAX MOXHO C
JIETKOCTBIO MEIUTE SHOPIETHMECKHE YPORIN, WIMEIN PAIMEPKI W COCTAR KBAHTOBBIX TOYEK,
HOABIACTCH BOAMONHIOCTEH POAIIONATE JRICPL, KOTOPKIE pAOOTAIOT B PATHLIX JAHANA30HAX
CBETOBOIO CHEKTPA, KpOME HTOrO, MANECTHO, 1O CPEAN NCEX MIDKEKIHOHHBIX JIa3epoB,

Na3ephl © KBAHTOBLIMK TOMKAMM OOJIAAIOT MUHHMAJILHLIMMA OPOIOBBIMA TOKaMH [6].
OmHUM 13 BOKHBIX M MHTEPECHCHIINX NPUIOKEHHIA KBAHTOBBIX TOYEK MOXET CTaTh MX

npuMeHeHHe B (OTONPHEMHHKAX W B npeobpa3oBarendx CcoOMHEwHOM osHepruu. Ha

ceronHsmHui JeHb mua  yBeysmdeHus KIIJ] conHEdHBIX 37EMEHTOB H3YYalOTCs M
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PACCMATPHBAIOTCS  CTIOXKHBIC AHOTOCHOMHEE CTPYKTYPhl, XapakIepuiyemhi¢ HOBBIMH
ApAMumuany paGoTEL. B GACTHOCTH, HHTEHCHEES H3yHaloTCd MHOTOCJIONHBIE COMHETHBIE
6313pEH W 2THTCPHATHAHEIE CONHCYHEIC JNEMEHTH C KbaHTOBBIMA reicpd-CTDYKTYpaMu,
KOTOPHIE TAKKE HA3LIBAIOTCA CONHETHBIMA SarapesMH TPETHETO ToKoNeHns. Moaems p-i-ii
conHeynoi Garaped ¢ XBaHiOBBIMH SMaMH, npemmmnﬁm Bapwamom 1 Jlyrrasom [17},
ABJSETCS TEPBOM TAKOH MONE®IC, B KOTOpOH IpPEIoJaranoch MNOMyIHin =RHICOKYIO
addexruBHOCTh NMPeoGpa3OBatKA. CriycTst HECKONLEQ JieT TakoH CONHEYHBIA 3NEMEHT C
«RanTOBbIMH AMamH B cacreMe GaAs/AlGaAs p-i-n, Guuioc peanesosao B pabote [18], rme
HAGMOAANCs 3HAYHTE)HHbBIH, B CPABHEHUH C 110100HBIMH CTPYKTypaMu 0¢3 KBaHTOBBIX M,
POCT TOKa KOPOTKUTC 3aMBIKAHMA H 3@EXTUBHOCTH NPeoOpasoBaHmsl, HTC TIGETBEDANIO
nneio bapaama u Jlyrrana.

Vicxons W3 BHIIIE OTMEYEHHBIX CBOHCIB KBAHTOBBIX TOYEK, B \J3CTHOCTH BO3MOXKHOCTH
ynpagieHHIME TIONOKSHUIMH IHEPIETHECKIX YpPOBHEH, HH3KOH CKOPOCTH pexoMOnRHaLHA
HOCHTENEH 3aps0B, CiloCODHGCTH CHILHOTO nomomesms cseta, savs 8 2001 rogy Osura
IpeaIoKeHa HOoBas MOJEL COHEYHONo 37IeMEHTA, ¢ HCHONb30BAHHEM KBAHTCBBIX TOUCK
019 TIODOLCHHA (POTOHOB B WIMIHUBONHOBOA o6nacTn CONHETHOro cnextTpa. JlanHas
paGora MOCBAMIEHA TEOPETHICCKOMY HAYMEHMIO TAKAX  CONHEHHBIX  ONEMEHTOB ¢
KRAHTOBBIMH TOUKAMH H, KAK CIEAYCT M3 BMIIC CKAIALNONO, OHA BIIOJE 4KTYagbia n
COBpEMEHHA.

QcHosubie NeJsin AaHA0H paloThL:

1. Mccrenosanne OCOOGEHHOCTEH MOrIOWENHA CheTh W ancamOie KBAHTOBBIX TOUCK,
Bhiancenue KodG@PUImenTa Noromenus cBeTa i JRItofl epese, anwms pe3yIsTaTos,
npUMEHEHHe mamom;lx TOYEK MEPBOTO H BTOPOrO POJOK 1 COJNETILIX Garapesx.

2. HaxoxaeHue YyCIOBHii, NpH KOTOPHIX KBAHTOBLIC qouKkit » comiennix Garapesx
[pE/ICTABIBIOT COOOM ICHCPALMORIIEIC TIEHTPI. Brrmenenne 00yQionienipix MMu
JJOTOTOKOB ¥ CPABHEHHE CO CIIYHaeM CTPYKTYPEI B OTCYTCTIHI KINAITOBBIX TOYEK.

3. Buqucnckn:xe OCHOBHBIX XAPAKTEPHCTHK M MAPAMETPON  CONNEHHBIX Garapeit ¢
KBAHTOBBIMHA TOuKamH ((poToToK2 KOPOTKOTO 3aMBIKAHISL, HAIPIAKCHIS XOJTOCTOrO X011,
Koo duIMeHTa 3aN0HCHIS U KINJD). CpasHenne JaBHbIX APAMETPOR CO CITydacM Ge3

KBAaHTOBhIX 7TO4YeK. Bpinada o6meid OUEHKH CONHEHHBIX Garapeil ¢ KBAHTOBBLIMH

TOYKaM¥ B CPAaBHCHUH C 631'8PCXMH JPYTUX BRJIOB.
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HAXOMACHHE OMTHMANBHOM CTPYITYPI CONMEtuX Oarapel ¢ KnanronmMiu T09KaMH.
OGnsicHenne BaGMOZAEMBIX HKCHCPUMENTANLILIX  SAKOHOMEPHOCTEH 1 CONHETHBIX

Garapeii ¢ KBaHTOBBLIMH TOYKAMM,

Hayunas HoBu3na

Borumcien ko3(@UIMEHT MEK3OHHONO ONTHYCCKOIO HOomenus wu ancambig ¢
KBAHTOBBIMM TOYKAMH II€PBOTO POZa, OOYCHOBICHHOIO HEPEXOAOM M3 CRAIAHHOIO
COCTOSHMS BAJECHTHON 30HBI B CBS3AHHBIE COCTOAHMA 30HBI NpoBoaMMocTH, HakacHni
3ABMCHMOCTH KO3((UIFEHTa ONTHICCKOrO MOMIOMEHUs OT (uiyKktyalun pasMepon u
KOHIEHTPalH KBAaHTOBBIX TOYEK. :

Borupcied x02(h@UIHEHT MEXK30HHOIO ONTHYECKOrO TOMIOmEeHHs Jyis aHcambini ¢
KBAHTOBHIMM TOYKAMH BTOPOIO POZa, OGYCIOBIEHHOro MEPEXoAamu M3 CBA3AHHOIO
COCTOSHMs B&ICHTHOM 30HBI B CBOGOJHOE COCTOAHME 30HLI NPOBOAUMOCTH.
IIpHBEIeHbl 3aBACHMOCTH KO>(@HUIHeHTa ONTHYECKOr0 NOMIOWEHHS OT (yKTyaIy
pa3sMepOB U KOHIEHTPALHH KBAHTOBBIX TOYEK

BrepBsie GbUa IPEIOKEHA HIEs CONHEYHOTO IEMEHTa C KBaHTOBBIMH TOTKAMH.
PemieHo ypaBueHue OanaHca Uil PEKOMOHHAUMOHHO-TCHEPALMOHHBIX npoue;:coa B
COMHEHbIX 6aTapesx ¢ KBAHTOBBIMH TOYKaMH BTOPOro poaa. Bemucnen koadduumerr
3aMONHEHHs KBAHTOBHIX TOYEK B JUHAMHYECKH PaBHOBECHBIX cocrosumsx. Halinennt
YCIOBHS, TPH KOTOPHIX KBAaHTOBBLIC TOYKHM SBISIOTCA  ICHEPAUMONNLIMI - W
peKOMOMHAIMOHHBIMY LIEHTPAMH.

Brrumcnen GoTorok ColHeuHbIX Oatapeil ¢ KBAaHTOBBIMM TOYKAMH H €10 3aBHCHMOCTH
OT JUIMHBI CHETOROM BOJHEI, KOHIICHTPAIMK 1 (UIYKTYaLHH PasMepoB KBAHTOBBIX TOUCK,

Haiieno T0MH0e PACHPECICHNE HATPIKCHHS MTEKTPHYCCKONO O B Pei-n JAHOAC 1
OLEHEHO ero nowiehornmne un pororox

Ha oCHOBANMM WRIMHOACHIGIX  Siasenihl (hororown, HAHpPIKEHnE X0n0eToro Xoua 1
Koo puimenTa  3ANOMICHUA

wonr-amMiepiol  xapakrepucriicn, onenen  KITJ

CONMHEYHOI0 NIEMCHTA C KBAHTOBLIMH TOYKAMM.



Ipaxrudeckas HEHHOCTD.
HecMoTps Ha TO, 9TO B OCHOBE JUCCEPTALIAN JIEKAT TEOPETHIECKNE MCCIICIOBAHNS, OHA

TIOCBSIOCHA OJHOMY M3 BRXHEWIIHWX HPHOOPOB HAHOINEKTPOHHWKH - CONHEYHOM Garapem c

KBAaHTOBBIMH TOYKAMH.

L

B jmccepramim  geTambHO OGCY)KIEHO ONTHYECKOE IMONIOMEHHE B ancamGmax
KBaHTOBBIX TOYEK TIEPBOIO H BTOPOIC POJOB. DTO NPEACTABNSET, KAK TEOPETHIECKHii,
TaK ¥ NPAKTHYECKHA MHTEPEC, TaK KaK B pAje MPUGOpax ONTOIEKTPOHHKY, HATIpUMED
TaK|X, KaK J1a3ephl, (JOTONPHEMHHKHE ¥ CONHEYHBIEC SMEMEHTHI ¢ KBAHTOBBHIMU TOUKAaMH,
ONTHYECKOE NIOTIONICHHE SBISETCS OCHOBHBIM NPOLECCOM B IPOLECCE X pabOTEL

B jmuccepralmp IETanbHO HCCISIOBAHB BCE KIIOYEBbIE (UIAIECKAE ITIPONECCHE,
KOTOPBIE CHJIHO BIMAIOT Ha paboTy seMedTa. IIpHBENCHB! KOMMYCCTBEHHBIE OLIEHKH
JNAHHBIX TNPOLECCOB, € TNOMOMIBI0 KOTOPHIX MOXHO MPOBOMMT: OITMMU3AIMIO
1apaMeTpoB MEMEHTa,

C NOMOMIBIO PESYANTATOR, NOMYYENiBIX B JMCCEPTaUMM MOXES CHPOCKTHPOBAaTh
ONTHMAIBHBIE CONMHEHLe Garapen ¢ KBAHTOBLIMU TOYKAMH, YTO | ABJISETC: OCHOBHOM

IPAKTAYCCKON LEHHOCTHIO JIMCCE I A UM,

OcHOBEDIE NOTOKEHUA, BHINOCHMBIC YN AMIITY

Kosdduimpenr MeKI0HHONO ONTHYCCKOIO HOMIOMEHNA Ui aucam6iisi KBAHTOREIX
TOUEK IEPBON0 POa MpAMO IPONOPLMOHANCH KONUOHTPAIMK  KBAHTOBKIX TOYCK, 2
CIEKTP IOMMOMICHHsl CBETA HAXOMMTCK B CTPOIOH  JANMCHMMOCTH OT pasMepHoi
¢nyxTyanun KBaHTOBBIX Todek. B ciywae Manofl JAMCHepoMM pasMepoB KBaHTOBBIX
TOYEK, IPH IHEPrusx (GoToHa, PaBHOM PAIHMIE KNUNTONKX HHCPICTHIECKAX YPOBHE,
KO3)PHUIMENT TOTONIEHHS MMEET Pe3KUE MAKCHMYMI. A KOI/Id JIMCTIEPCHA pasmMepoB
NOBOJGHO GonbIas, CHEKTP NOMIOMEHHA HEOAMOPOJMNO pacuEpsercs u3 3a
paciaiupeHus IIOJIOCHL, co311am{oﬁ KBa"uTOPasMEPHLIMMK HHOPIETHYC CKUMM YPOBHAMH.
KosppuupeHT MEMX30HHOIO ONTHYECKOrO HOMIOMICHMN /Ul ancaMGiis KBRHTOBBIX
TOYEK BTOPOro pozia, o6yClOBJIEHHOTO NMEPEeXOAaMM M3 CIMIANIOIO COCTOSHMSA ONHOM

30HBI B CBOOOAHOE cOCTOAHHE JPYroif 30HBI, TAKKC JIMHEHHO 3aBHCHT OT
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KOHIEHTPALMH KBAHTOBEIX Togek. B 3ToM ciydae cnexrp nomomenns ¢inbo sanmont
OT pasMEpHON IUCIIEPCHM KBAHTOBBIX TOYEK.

KBaHTOBEIC TOYKH B CONHEYHBIX JIEMEHTaX MOTYT HTParh POJb KAk reHePArmMONiniX,
Tak W pPEKOMOWHAIWOHHBIX NEHTPOB. Takoe MX CBOMCTBO 3aBMCHT KAK O
HMHTCHCHUBHOCTH ONTHYECKOTO MOTIOMEHUS H PEKOMOWHAIMA B KBAHTOBBIX TOYKAX, TAK
M OT KOHICHTPalMH CBOGONHBIX HOCHTENEH, OKPYKAIONMX KBAHTOBHIC TO4KH. B
OpEleNbHOM CIy4ae, KOIZa KOHLIEHTpauus CcBOOOAHBIX HoOcHTenei B o6macTix,
OKPYKAIOIMMX KBAHTOBBIC TOYKHM, CTPEMMTCH K HYJIO, XBAHTOBBIE TOYKH INPOSBISAIOT
ce0f Kak TeHcpalMOHHBIE [EHTPH. B NpOTHBHOM cCiydae, KOIAa KOHUEHTPALMS
cBOGOIHBIX HOCHTENEH B OONACTAX, OKPYKAIOMMX KBAHTOBBIE TOUKH, CTPEMHTCHA K
6ECKOHETHOCTH, KBAaHTORBIC TOYKHM BCET/[a HTPAIOT POJb PEKOMOHHAIHIOHHbIX LEHTPOB.
KBaHTOBBIC TOYKM, BBEJCHHBIE B i-001aCTh p-i- CTPYKTYphl, OGECICYMBAIOT
noromesre (OTOHOB ¢ YHEPIUSAMH MEHBIIE INUPHHb! 3aIIPOMICHHON 30HbI OCHOBHOIO
MaTeppana, B pE3yAbTarTe vero (OTOTOK CYNIECTBEHHO YBEIMYMBACTCH B
JUIMHHOBOJTHOBOM Jiuana3zoHe cBera. C Apyrodl CTOPOHBI HANMYME KBAHTOBBIX TOYEK
NPHUBOAUT K YMEHBIIEHHIO (JOTOTOKA B KOPOTKOBOIHOBOM OGNACTH. 310 CBA3AHO C TEM,
9TO Ui HOCHTENeH POXIaeMbIX B GaphepHBIX CIOAX H B p B 1 00NACTAX, KBAHTOBBIE
TOYKH ABJAIOTCSA PEKOMOHHAIHOHHEIMU UEHTPAMH.

B pesynsrare, CymIECTBYET ONTHMATBHOE KOMUYECTBO CHOEB € KBAHTOBBIMM TOYKAMM,
TIPH KOTOPOM (POTOTOK MaKCHMAJIeH.

HecmoTps Ha TO, 4TO M3MEHEHHE PACCTOSHUS MEXIY CHOSIMU € KBAHTOBLIMM TOMKAMMN
CYIMIECTBEHHO HE BJIMACT Ha (OTOTOK B JUTMHHOBONHOBOW o0nactn Criekrpa, OHo
CHIILHO BIMACT HAa (OTOTOK B KOPOTKOBOJNHOBOM jHManazope. B cpasn ¢ 91um
CYMIECTRBYET ONTHMATLHOE SHAMCHME MEKCTORHOro pacCTOSHIS, P KOTOPOM (POTOTOK
MaKCHMAJICH.,

CymmMapbii  QOTOTOK B COMMEMILIN  SHOMEHTAX O KRAHTORKIMK  TOUKAMM
YBEIMYHBACTCA 110  CPABIICHMIO 00 CIpYITYpolt 0% KBRITOBKX  TOMEeK, OJHAKO
HAIPSKEHNE XOJNOCTOI0 X0/, Kk npnuuho. ymenaeren, Ho, tem ve menee, KI1J1
Oarapeli ¢ KBAaHTOBBIMM  TOMKAMH  YROIMUMBACTCN,

YTO M NOATBEPXKIAET

uenecooGpasuocrb BHEAPECHMS KBAHTORLIX TOMCK B CTPYKTYPY COJIHEYHLIX 3JIEMEHTOB.




Anpobanun paGore:. [TosydeHHbIe B IMCCEPTALMA PE3YIBTATH AOK/IA/HBATMCE Ha:
v European Society for Quantum Solar Energy Conversion, Proceedings
of the 13th Workshop on Quantum Solar Energy Conversion, erchberg
in Tirol, Osterreich, March 11-17, 2001
v Tpemeidi pammonamshol  xoHpepemmma  «ITomympoBoxHHEKOBas
MuKpoanekTponnka» (Cesan, Cenrsiops 10-12, 2001r).
v Kougeperumn monomix pusuxos - «OUMKA 2004» (2004, Epesan,
Apmenns);
v' EuroSun2004, The 5th ISES EUROPE SOLAR CONFERENCE,
Freiburg, Germany, 20-23 June 2004
' 20th European Photovoltaic Solar Energy Conference and Fxhibition, 6-
10 June 2605, Barcelona, Shain

HyGamxauuu. Bomemne B JiccepTanso pe3ylsTaTsl OMyOiuKoBAHE B 9 CTaThiX,
TIEPEYHCICHHBIX B KOHIIE aBTopedepara.

Crpykrypa B _o6bem paGorer. [lu: cepTanms COCTOHT W3 BBE/ICHIZ, 9eTHIpEX TIIaB,
3aKOYCHMA, CIHCKa LUTHPOBAHHOM smreparyphl w3 161 Hammenosanmit. OHmuii oGbem
paboter 137 cTpasmiy, BKmouas 52 pucyss o u 6 raimiy,

OCHOBHOE COJIEPKAHUE PAGOTHI

Bo_Benenmn 060cHOBaHA aKIyANBHOCTH TOMB, C(JOPMYIMPOBAHEI UENM H 3a7aTH

paboTsL,

PE3YILTATOB, NCPCYUCHCHB! 3aMMHUIIAEMBIE MONMKCHUA W KPATKO  MIIOMCHO CoJiEpkKaHuE

T0ka3aHa HaydiHas HOBM3HA M MPAKTHMECKAN 3IHAMUMOCTH  IOTYHEHHBIX
JHACCEPTAMOBHO# paboThI IO ITTaBaM.

B _neppoii_rname, sSBISIOWICHCS IMTEPATyPHBIM 0030pOM, JIneTCs KpuTHuecKuil aHamA3
paboT, NOCBANIEHHBIX TEOPETHIECKAM OCHOBAM COBPEMEHIILIX COJTIETHBIX 3IEMEHTOB.

B §2 paccmoTpena TepMOEHAMMYECKas TPAHHIA npeotpatonaims COMHEIHOM SHEPTUK.
Paccmotpens! upeanbHbie ciydan npeopazoBaHms, KO STponus o0meit crcTeMbl HE
ysemmamBaercs. Onenernsr KIIJI cONBETBbIX JIEMEHTOB B THX IE/CTHHbIX CTyqanX.

B §3 pacemorper KI1J{ 0GBIKHOBEHHONO OXHO30HHOIO CONIEHHONO nepeoGpazoparens.

Vkazausl BO3MOKHBIC BHYTPCHHHME M BHCIIHMC NOTCPH B TAKUX HNICMCHTAX. HPHBCHGHH
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meroani pacaeroB 3apacuMocti KIIJL or mmpui sanpomennoft somu ¢ yuerom n Gea
yuera pexomOusamun (Prc. 1).

B §4 omucana xoHUEmms MHOTOCHOHMKIX comienimx snementon, OGcymruenst mma
BHJIa MHOTOCIOMHEIX CONHEYHBIX MEMEHTOR: C HOCHCAOBNTEHLILIMI M HHPAIUICTL LM
MEKTPUHECKUME CBsi3sMu. [ipuBenensl pasunie METOAM pacueron sanmonumoctn KI1J or
IIMPHHEL 3APEMEHHBIX 30H HOMYIIPOBOAHAKOB (hopMUpPYIOMUX MieMetit Garapen.

' ; v frove]

B e e

Pue. 1. 3aBucamocts KIL ofnesonnoif compeancii anementa oT MApABLL 3anpemennol
30H5

Paccuurana MakcAMampEas S>QOCKTHEHOCTE TAKNX MeMeH™oB. IIPOIEMOHCTPHpOBAHA
TEHACHIAA POCTa M3MepseMoll 3>dbexTHREoCTH MHOrOCHOMHRIX CcomieHsiX Garapeil ¢
rofaMu.

B §5 mpusesena KOHUENIMA MHOTO3OHHBIX COJNHEYHBIX aeMenton, OGeyinuenn
BOMPOCH! NOBLIICHNS HPPeKTHBHOCTI B TaKkuX diementax. OGCyKACH npuimn padoTi
COJTHEMHBIX DJIEMEHTOR © KBANTOBLIMKM AMaMH. TIpHBEXECHBI KaK TCOpETHMCCKHE, TaK M
IKCITEPAMCHTAILHBIC PEIYIIIATH PASIMX Haysusix mxoyn. B kouue naparpada nokasano,
9TO MHOMOJOHHMIC COMMEINe Gaiaped MoryT obecremm s Gonwinyio apexruprocts, wem
npyrie Bujei Gavapell. Hi orom ocnomimn ¢ nemel croponst Guimm npeyionena Moaess
comueqnoll  Garapen  ©  KNAIIOBIME  TOMKIMM, HIIETON

KOropiam HOBKIM  BUJOM

MHOTO30HHLIX CONMEHMBIX MICMEHTON,

Bo_Bropoii _miase paccMATpUBAIOTCH NPONCCCH NOMIOMEHAA CBETA CO CTOPOHHI
aHcamOuisi KBAHTOBBIX TOYEK, NOCKONbKY 9TH IIPOLECCHl BO MHOTOM ONPENENSIOT

3¢ QexTHBHOCTS reHepaly HEPABHOMEPHLIX HOCHTENEH 3aps/ia B CONHEYHEIX JIEMEHTAX ¢
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snarronbiMu Toukamu. O6cyxnaercs 3aBHCHMOCTD xo>(duumenTa nomomeHus caera oT
Taxux (U3MYECKHX NapaMeTpOB CHCTEMBI, Kak KOHIIGHTpAIWs, PA3MEpBI, PasMepHad
urykryanus KBaHTOBBIX TOYCK, PACIIONOKECHHE KBAHTOBBIX SHEPrETHICCKIX ypoBHei # TaKk
Jlasiee.

B §2 npusezeH pacdeT ko3 dumHenTa TOMOMCHAA CBETa B ancaMmOiie C KBaHTOBBIMHI
roukaMi B OOmeM Ciydae. B oToM pasnene DPHBEICHH obmme onpepeneHus H
XapaKTEePUCTHKY MOITMOMCHUSA. TIpuBeieHa HOPMHUPOBKA COBGCTREHHBIX BOMHOBBIX (yHKIMH
HocuTeNnel 3apsana B chepuieckol KBAHTOBO TOUKE ¥, HA OCHOBE JTOr0, PacCIUTAHbLI
MATPHYHbIE OJEMEHTHl MOIIOMEHNsS CBETa. O6CyK/IeHsl [OMIOMEHHs B JBYX BHAOB
KBAHTOBLIX TOYEK: IIEPBOTO pOJa, KOrKa H3-3a paspeiba 30H NOTEHIHAIBHBIE SMBI
(OpMHEPYIOTCS KaK B BAJCHTHOH 30HE, T2k U B 30He MPOBOJMMOCTH, W BTOPOTO POJd, KOTZA
noTeHIMaNbpHAs AMa obpasyercs IHiik B oo 30He (B 9AaCTHOCTH, NPE/ICTABICH crydai,
KOrja KBAaHTOBBIE JHEPIETHYECKHE YPOBHH ($OpMHEpYIOTCS TONBKO B pasieHTHOH 30He). B
nepsoM  ciygae ObUIM  PacCMOTPEHBI OpsAMBIE  [IEPEXOMBI, MOCKONBKY B CaMBIX
PACTIPOCTPAHEHHBIX KBAHTOBBIX TOTKAX nepeoro poja (Hampumep, InAs/GaAs) BMEHHO
IpAMEIMA TepexoaMu 0GyCIOBIIEHO nomiomense cpera. ITo BINEYNIOMAHYTOR NPHTHHE,
BO BTOPOM CIIy4ae PacCMOTPEHBI TOLKO HENPAMBIC nepexosl (Takue KBAHTOBBIE TOUKH
obpasyercs B CHCTEMAaX Ge/Si).

B §3 mnpuBegeHs pacueThi HHEPreTHYECKOTO CHEKTpa M CcoOCTBEHHBIX BOJHOBBIX
yukipii HocuTenel 3apina B kpanTOBOM TouKe. JIeTanbHO MPUBEACHBL HOPMHPOBKH
BOJHOBBIX (YHKIIMH CBAAHHBIX H ¢BOGOMHBIX COCTOSEHH.

B §4 npuseneH pacuer Ko prImenTa NOMOMCHIA CBETa B ancam0iie KBAHTOBBIX
Touek nepporo poza. C NOMOIIBIO BEIIE TONy9EeHHBIX BHPAKEHMH JNS BOJHOBBIX (yHiami
pACCUMTaH MATPHYHbIA JJEMEHT MPAMOTe nepexona. Ilocne CyMMHpOBAHMA TIO BCEM
BO3MOYHBIM TIEPEX0JAM JMEKTPOHA € yICTOM pasMepHO# (MIyKTyalHH KBAHTOBBIX TOYICK, B
KOHEGHOM WTOTE, TOJIyYeHBI BHIPWKEHHS UL koo(puimenTa NOTIOMCHAS CBETA.
JIpoBe/eHo CpaBHEHHE 3aBHCHMOCTH x03dHUIHEHTA TOIONICHNS CBETA OT JUTHHBI BOJHEL
cBeTa C OKCTEPMMEHTATBHBIMH Ppe3yIbTaraMu, [OMYSEHHBIME V1A KBAHTOBBIX TOHYCK B
cucreme Inds/Gads (puc. 2). Kax BHIHO M3 PHC. 2 pacueThl XOPOWIO ONHCHIBAIOT

IKCIEPUMEHTAIILHBIC pesynbTarbl.
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Prc. 2. 3arcamMocTh KedpGHNHAEHTA NOMIOWEHAs CBETA 0T JHCPIrin doroma s KT w enerems
InAs/GaAs

B §5 npuseneH pacuer kod(duuuenTa NOMOMICHAA CBETa B ancam@e ¢ KnuTonKMN
toukavu Broporo poga. Kak W B NpemblymeM pasienc, MOy SeHbl  JRHCHMOCTH
)o3dQuIEenTa MODIOWEHNHs CBETa OT JHEPrHH $oToHa, KOHHEHTPAUMM, PUIMEpON W
pasMepHOH AUCTepCHH KBAHTORBIX TOYEK.

B _1perbeii 1yiaBe NpUBEICH aHATHM3 QoToToka COTHEUHON Garapen ¢ KMATONMMN
toukamy. Jjis CpaBHEHHS TaloKe MNPUBELCHBL PacucThl dororoxa obbicHOBENHON N
condeyHoii Garapeu.

Jias [eTanbHOrO HAXOKICHMS ¢doroToka nOAPOOHO HCCIAEAOBAHO pacnpesenenne
3MEKTPHIECKOro Nons B p-i-n muoac. IIpusesieHo MONHOe pemieHue ypasuenust Llyncconn ¢

Y4CTOM, KaK CBSI3@HHBIX, TaK © cBOOOAHBIX HOCHTENCH 3apsaaa.

4
3 .
3 e
/ ot
2 =
10 /
10 22
3
0 500 1000 1500 1000 e "

(M)
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