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Beenenue.
AKTYallbHOCTb TEMBI

HaHoTexHONOrMM SIBISIIOTCA  OJHUM W3 TPUOPUTETHBIX HAIPaBICHUIMA
pa3BUTHS HAyKU U TEXHUKHU. [ nanbHEMIEro pa3BUTHs TEXHUKH HEOOXOIHMMO
CO3/1aBaTh W MCCIENOBATh HOBBIE MaTepHaabl U HU3KOPA3MEPHBIE CTPYKTYpHI, B
TOM YHCJE, Ha MOJYNPOBOJHUKOBON OCHOBE, OOJIaJalOLIUe 3apaHee 3alaHHBIMU
cBoiictBamu. I1o 370l mpuunHe n3ydeHue GU3NYECKUX MPOLECCOB, MPOTEKAIOLINX
B IOJYIPOBOJIHUKOBBIX HAHOCTPYKTYpax, SIBJSIETCS aKTyaJlbHOW MpPOOJIEeMOil Kak

Hay4YHOM, TaK 1 B IIPHUKIIAJHOM IIJIaHC.

[Ipu mepexone OT MAacCHBHOTO KpUCTalyla K HAHOPa3MEPHBIM OOBEKTaM
BXHYIO POJIb HAUMHAIOT UTPaTh KBAHTOBBIE d(DPEKTHI, YBEITUUMBACTCSA BIUSHUE
MOBEPXHOCTH, BO3PACTAET pOJb OJMKANIIEr0 OKPYXKEHHS. B peanbHbIX
CTPYKTypax HaHOOOBEKThl BCEr/la OKPYXKEHbl MaTepUalioM CO CBONCTBaMH,
OTJIMYHBIMU OT CBOMCTB MaTepualia HaHOOOBEeKTa. B 1enoMm psine ciayyaeB 3To
OKpY’KEHHE OKa3bIBa€T CYIIECTBEHHOE BIHUSHHUE HA CBOWCTBA HAaHOOOBEKTOB, B
YaCTHOCTH, Ha TMPOLECChl IepeHoca U  pelakcaluu BO30YXKIEHUU B
HAaHOCTpyKTypax. IIpu 3TOM CylIecTByeT IOCTATOYHO LIMPOKUN Kpyr €lle He
pEeLIeHHBIX 3a/1ay, CBA3aHHBIX C B3aMMOJEHCTBUEM HAHOPA3MEPHBIX OOBEKTOB C
ONMKalIIMM OKpyKeHHUeM. PellleHnio HEKOTOpPhIX M3 HUX U TOCBSIIEHA JaHHas
JUccepTalioHHas paboTa, B KOTOPOM HCCIENOBaHbl CBOMCTBA M TOBEICHHE
CHUCTEMbl HEPAaBHOBECHBIX HOCHUTENIEW 3apsa B ONTHYECKHM BO30YXKIECHHBIX

HAaHOCTPYKTypaxX Ha OCHOBE TOJYNPOBOAHUKOB A,B¢ u anma3zomomoOHBIX

CTPYKTypax.

3amaun Hactosuie paboThl ObUIM TOCTABJIEHBI C YYETOM HEKOTOPBIX
pE3yJIbTaTOB, MOJYYEHHBIX B IPEAIISCTBOBABLIMX HCCIEIOBAHUSAX Pa3INYHbIX
aBTOpoB. Tak, HM3yueHUe CTPYKTyp ¢ KBaHTOBbIMH siMamMu (KSI) Ha ocHoBe
NOJISIPHBIX MOJYIPOBOJHUKOB (ZnSe/ZnCdSe) nokazano, 4To Npu BHYTPUSIMHOM

boToBO30YKACHUU (CBET MOTJIoIaeTcs B KBaHTOBOM sime ZnCdSe) B crmekTpax
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JIOMUHECICHIIMM TPUCYTCTBYIO (POHOHHBIE MOBTOpEeHMs, oOTBevaromue LO-
doHoHaM Kak Marepuajia MBI, TaK W Marepuaia Oapbepa [1]. B
KOPOTKONIEPUOJHBIX CBEPXPEIIETKAX MOJISIPHBIX MOJYNPOBOAHUKOB (AlAs-GaAs)
oOHapyXeHa MWIrpalus HEPABHOBECHBIX AJIEKTPOHHO-ABIPOYHBIX TMap MEXIY
CIOSIMM  YEpPEeNyIOUIUXCs MOIyNnpoBOAHUKOB [2]. CHexkTpbl pe30HaHCHOIO
KoMOuHanmoHHoro paccestHus cBera (KPC) Takux CTpyKTyp OoTpa)aroT BIUSHUE
MaTepHalIOB CBEPXPEIIETKM HA pPENaKCalWi0 3JEKTPOHHO-IABIPOYHBIX Iap: B
cnekrpax KPC mpucyTCTBYIOT JIMHMM Kak OOEpPTOHOB, TaK M COCTaBHBIX TOHOB

4acTOT MPOOIbHBIX KoneOannii GaAs u AlAs.

UccnenoBanusi yriepoJHbIX CTPYKTYpP, CHUHTE3UPOBAHHBIX Pa3JIMYHBIMU
crioco0amMu, MOKa3ajiu, 4TO CYIIECTBYIOT YIJIEPOAHBIC HAHOYACTHIIHI, 00JIa1al0IIHe
dboromomunectienuuet (OJI) B Buaummoi o0jacTu CHEKTpa, B KOTOPBIX
MOTJIOIIEHHE CBETA OCYIIECTBISAETCS «IPadUTONOAOOHBIM» SAPOM, a U3TydeHUE —
ITOBEPXHOCTHOM 00J1aCTBIO HAHOYACTHUIIBI, MPEICTABISIOLIEH co0oi
«alIMa3onoAo0Hy»  ob0onouky [3,4]. B mOpUCTBIX  MOJYIpPOBOJAHHKAX
BO3HUKHOBeHHEe DJI  10CTAaTOYHO XOpPOIIO  OIKCHIBAETCS C  MOMOIIBIO
aHajoruyHoro mexanmsma [5]. Ilpumepom apyroil cucteMbl, TAe HAJIAYUE
OJIMDKAMIIIET0 OKPY)KEHHS BIUSAECT Ha ONTUYECKHUE CBOMCTBA M3Y4aeMBIX CTPYKTYD,
SBISICTCSl CHCTEMa «HaHOaidMma3 + Ouoyiormueckass MoJjekymna». B pabore [6]
HCCIICIOBATIMCh HAHOAIMAa3bl, Ha KOTOPHIE HAHOCWIIUCH MOJICKYJbl JIM30I[MMA.
Hannune Monexyn nu3onuMa Ha TOBEPXHOCTH HAHOAIMA3a U3MEHIIO criekTp DJI
HaHOAJIMa3a, XOTS 3TH CTPYKTYphl ObUIM TOJYYEHBI B pe3yibTaTe (PU3MUECKOU
afcopOlMM MOJIEKYJI Ju3omnuMa. bwUto mokazaHo, 4TO rpadUTHU3UPOBAHHBIC
YaCTHUIIBI, UMEIONIUECS Ha TMOBEPXHOCTH HaHOAIMa3a, CIOCOOCTBYIOT Iepeaade

BOB6Y>KI[CHI’Iﬁ MCXKIY MOJICKYJIaMHU JIM3011MMa 1 HAHOAJIMa30M.

[IpenBapurenbHbIE MCCIECIOBAHUSA, BBINOJHEHHBIC HAIIEH TPYNION B
®UAH, nokazanu, 4To il HAHOOOBEKTOB PA3IMYHON MPUPOABI U PA3MEPHOCTU

IIpHU IOIJIOMICHHUHN CBCTA HaHOOOBEKTOM peKOM6I/IHaHI/I$I QJICKTPOHOB M JBIPOK C



HNCITYCKaHNCM Cl)OTOHOB MOXKCT IIPOHUCXOANTH KaK B CaMOM HaHOO6”beKTe, TaK U B

ero OmKaiileM OKpY>KEHUHU BCJIEICTBUE IEPeHOCca BO30YKIEHUH.

B mnpencraBneHHO#l AuccepTalMOHHON paboTe MCCIEAOBAINCH MPOILECCHI
nepeHoca BO30YXKICHUN MEXAYy pasInyHbBIMH HaHOOOBEKTamMH. B KaudecTBe
00OBEKTOB  HCCIEAOBaHMS  ObUIM  BBIOpaHbBI ~ HAHOOOBEKTHI HA  OCHOBE
MOJTyTIPOBOJTHUKOB A,B¢ (HAaHOIPOBOJIOKH, KBAaHTOBBIE TOYKHU), aaMa30MOJ00HBIE
MacCHUBHBIE IOJJIOKKH, HaHOAJIMa3bl. 3yueHbl onTHUecKue CIEKTpbl 00pasloB,
MPOLIECCHI MEPEHOCa BO30YKICHUN OT HAHOOOBEKTOB B OMIKaiIee OKpyKEHHE, a
TaK)Ke BIMSHHUE NTapaMeTPOB MaTepuaia ONMKallIero OKpy>KeHus: Ha ONTHYECKHE
CBOMCTBA  CTPYKTYp. OCHOBHBIMM  METOJAMM  MCCIECIOBAHUSA  CIIYKHIIU:
komOuHannonHoe paccesnue ceta (KPC), doromomuHecueHuus, «ropsdas»
JIOMUHECLIEHIIMSI, KOTOpas AJi1 MOJSPHBIX IOJTYIPOBOJAHMKOB SBIsETCS Oolee

¢ dexTruBHBIM HHCTpyMeHTOM, yeM KPC [7].
OcHoOBHBIE LU U 321241 JUCCePTALNT

[lenpto maHHOW paboOTHl SBISUIOCH HM3yYEHHE TPOIECCOB IMEepeHoca
BO30YKJIEHHI B CTPYKTYpaX ¢ KBAHTOBBIMH TOYKAMH M KBAHTOBBIMHU MTPOBOJIOKAMHU
Ha OCHOBE MOJIYIIPOBOJHUKOBBIX cOoeAMHEHUNU A,B¢ M X TBepAbIX pacTBOpPOB, a
TaK)K€ B YIJIEPOIHBIX CTPYKTYpaxX METOJIaMH CIEKTPOCKOMUU KOMOMHAIMOHHOTO
paccesHusl cBeTa, (POTONIOMUHECHECHIIMM U  «TOpsAYed» JIIOMUHECLICHIINH;
WCCJICIOBAHUE BIWSHHS OJMDKAMIIET0 OKPYKCHHS HAHOOOBEKTOB Ha WX

OIITUYCCKUC CIICKTPLI U pClIaKCallnuIO BOB6Y)KI[CHHP1.
ITocTaBjieHHAas 11eJIb BKJIKYAET B ce0s1 HeCKOJIbKO 3agad:

1. UccnenoBanue CrieKTpaibHBIX CBOMCTB MOJYHIPOBOJIHUKOBBIX HAHOCTPYKTYP
(HAaHOIPOBOJIOKH pa3nuyHOTo aAuameTpa ot 10 1o 150 HM, KBAaHTOBBIE TOUKH
Ha OCHOBE MOJIYIPOBOJHUKOB A,Bg, MogydeHHbIE METOaMU KOJIJIOMIHOMN
XUMHH, aJIMa30IM0J00HbIE CTPYKTYpPHI), B TOM YHCJIE CTPYKTYP C Pa3InYHbIM
OKpY>KEHHEM HaHOOOBEKTOB, B KOTOPBIX OKPY>KEHHE BIMIET Ha pellaKCaLHIO

BO30YKICHHIA.



2. W3yuenune penakcauuu (poToBO30YKIESHHBIX JIEKTPOHOB B HAHOIIPOBOJIOKAX

13 TporHbIX coenuHeHuu anemeHnToB Il u VI rpynmn (ZnMnTe, ZnMgTe).

3. UccnenoBanue BIUSHUS ONMKAMIIEro OKPYXEHHs Ha  pEIaKCalHio
BO30yxkaeHui ¢ ucnonb3zoBanueMm crnektpoB OJI u KPC  wanompoBosok
anpo-obonouka (core-shell) w3 MarepuaioB Ha OCHOBE TOJISIPHBIX
noaynpoBogHUKOB A,Bg¢ (ZnSe/ZnTe, ZnSe/ZnO), a Takxke MOMJIOKEK C
aIIMa30MoJIO0OHON TUIEHKOM U (uU3HYecKH aacopOUpOBAaHHBIMU Ha Hee

OETKOBBIMH MOJICKYJIaMHU.

4. N3ydyeHue BIMSHUS TEMIEPATYPbl HA CHEKTPAIBHBIE M BJIEKTPOHHBIE
CBOMCTBA MCCJIEIYEMBIX MOJYNPOBOAHUKOBBIX HAHOCTPYKTYpP, a TAKXKE Ha
MPOILIECCHl  PENAKCALIMM HEPAaBHOBECHBIX HOCUTENEH 3apsga B OTUX

HAHOCTPYKTYpaXx.
HayuHasi HoBU3HA padoThI

[lokazano, 4To mpu BO30OYXJIEHUU BIaIM OT PE3OHAHCA COOTHOIICHHE
WHTEHCUBHOCTEH CTOKCOBBIX M AHTUCTOKCOBBIX LO-()OHOHHBIX MOBTOPEHUN B
CIIEKTpax «ropsueii» JTIOMUHECUECHIIMN OMUCHIBAECTCS KIACCUUYECKUM BbIpaKEHUEM
JUIsS. OTHOLIEHUSI MHTEHCUBHOCTEW CTOKCOBBIX M AHTUCTOKCOBBIX KOMIIOHEHT B

crnektpax KPC.

OOHapyxeHo, UTO pacnpeneneHie HHTeHCUBHOCTEH LO-(poHOHHBIX
MOBTOPEHUN B CIEKTPAX «TOpsiueii» JIIOMUHECUECHIMA HAaHOMPOBOJOK HAa OCHOBE
TBEPABIX  PACTBOPOB  NOJYHNPOBOJHUKOB  A,Bg  MOXeT  omnmchIBaTheA

CTaTUCTUYCCKHUM I1OJXO0J0M.

[Toka3zaHo, 4TO B CHEKTpax JTIOMHUHECUECHIIMM HAHOMPOBOJIOK HAa OCHOBE
noJIynpoBOgHUKOB  A,B¢  caBur dactotel nLO-(oHOHHOrO  mNOBTOpEHUSA
WU3MEHSETCS C HOMEPOM N, YTO OOBICHSIETCS B3aUMOJCHCTBHEM C TEMHOBBIMU

HOCHUTCIIAIMU 3apsaa.



Ha npuMepe HaHOIPOBOJIOK sa11po/000I0UKa (ZnTe/ZnSe)
DKCIIEPUMEHTAILHO TMPOJACMOHCTPUPOBAHO HW3MEHEHUE ONTHYECKHX CBOWCTB

HAaHOIIPOBOJIOK BCJICACTBUC BIMUSAHUSA OMKamIero OKPYKCHMHI.

OOHapyX€HO U3MEHEHHE CIHEeKTpa (POTOTFOMUHECIICHIINA MAaCCUBHBIX
aJIMa30M0I00HBIX TJIEHOK NpH (U3MUECKOW a1copOLnu OUOTOTHYECKUX MOJIEKYJIT
(MM3omMM, TeMOrIoOuH). BrIsBIeHa 3aBHCHMOCTh M3MEHEHHS (DOPMBI CIEKTPOB
®JI HaHOaIMa30B OT THMa OUOJIOTHYECKUX MOJIEKYJI M TIOKa3aHo, YTO TeMIlepaTypa

c1abo BAUSET HA DTH U3MEHEHUSI.
HayuyHasi m npakTu4eckasi 3HAYMMOCTH PadoThI

B HaHOMPOBOJOKAX M KBAHTOBBIX TOYKAX HA OCHOBE IOJIYIPOBOIHHUKOB
A,B¢ m3zyueno mnoseneHue LO-(GOHOHHBIX MOBTOPEHHI B CIIEKTpaxX «ropsdcii»
JIOMHUHECIICHIINN: OOHApYy>XeHbl mepepacnpeneieHne uHTeHCUBHOCTeH LO-
(OHOHHBIX MOBTOPEHUN M cABUT 4YacToTbl LO-QOHOHOB, HCIYyCKaeMbIX MpHU
pEeKOMOMHAIMKM HOCUTENIEH 3apsjia ¢ u3nydyeHuem (OTOHOB B 00JIaCTU YaCTOT
KpPAacBOW JIIOMUHECLEHIINM, TPOAHATU3UPOBAHBI OTHOIICHUS WHTEHCUBHOCTEU
AHTUCTOKCOBOM M CTOKCOBOW HacTed crHekTpa Jyuisi HaHOMPOBOJIOK. OOHapyKeHO
ymupenue LO-xkomnoneHT cnektpa KPC u u3MeHeHue 4acToThl MPOJIOIbHBIX
KOJIeOaHU TpH Mepexoie OT MACCUBHOIO KpHUCTallla K KBAaHTOBBIM TOYKaM

pa3MepoM MEHBIIUM 2 HM.

B HaHompoBosOKax sAapo-000JI0YKa Ha OCHOBE MOJYNMPOBOIHUKOB A,B¢ 1
IMa30TOI00HBIX TUICHKAX C (U3MYECKH aJCOPOMPOBAHHBIMU Ha IOBEPXHOCTH
IJICHKA OWOJIOTUYECKMMH MOJIEKYJIaMH JKCIEPUMEHTAIBHO HW3YYCHO BIUSHUC
ONMMKAMIIEero OKPY)KCHHsI Ha CBOMCTBA M3y4aeMOro OOBEKTa, MPOSBISIONICECS B
W3MCHCHUHU  CIIEKTPOB JIIOMUHECIIEHIIMM TocheaHero. B crpykTypax ¢
HAHOIIPOBOJIOKAMH  sIpo-000/I04Ka OOHApy)XKeHa Iiepelada YacTH DJHEPIud
BO30YXKIeHus sjipa B 00osouky. OO0HapyxeHo u3meHeHue (Gpopmbl ciekTpoB DJI
JIMa30TOI00HBIX TICHOK MpH (HU3UIECKON ancopOIMy Ha MOBEPXHOCTH TUICHKU

OMOJIOTMYECKUX MOJICKYJ, IMPOUCXOAAIICC BCICACTBUEC IIEPCHOCA YAaCTH JSHCPIUH



BO30Y)KIAIOIIETO M3JIy4yeHUss K OHMOJOTMYECKUM MOJeKynaMm (Ommkaiiiiee
OKpY)KCHHE aJMa30MoA00HONW IUIGHKH) M €€ MOCIEAYIOLIEro MOIJIOIMIEHNUS.

OHCHCHa OHCPIrus, NOrJIOMCHHAA MOJ'ICKYJ'IOﬁ.

Pe3ynbraTel paboOThl BHOCST BKJIAaJ B MMOHUMAHWE MEXAaHW3MOB PeJIaKCcaIluu
($boTOBO30YX ACHUI B HAHOCTPYKTYpaxX C OTMEUEHHBIMHU BBIIIE CBOMCTBAMHU U
MOTYT OBITh TOJE3HBI TP  Pa3pabOTKE  OMTOAICKTPOHHBIX  CTPYKTYP.
DOKCHNEPUMEHTHI, CBS3aHHbIE C OHOJIOTMYECKUMHU MOJIEKYJaMH, TOBOPSAT O
MEPCIEKTUBHOCTH JAIbHEUIIIEr0 Pa3BUTHSI 3TOrO HAMPABJICHUS U BO3MOXKHOCTU
WCITOJIb30BAHUS JTAHHBIX PE3YNIBTATOB ISl Pa3pabOTKH CEHCOPOB OMOJOTUYECKHUX

MOJIEKYJI.
ITos10:keHUs, BBIHOCMMBbIE HA 3aIIUTY

1. Ilepepacnpenenenne wuHTeHCUBHOCTEH L[ O-G)OHOHHBIX TMOBTOPCHU B
HAHOMPOBOJIOKaX Ha OCHOBE A,Bg 0OyCIOBIEHO CIABUIOM KpaeB 30H,

CBSI3aHHBIM C KBAHTOBO-pa3MEPHBIM 3 PEeKTOM.

2. Ilpy  BHEpPE30HAHCHOM  BO30YXKIEHUM OTHOLLIEHUE HWHTEHCHUBHOCTEH
AHTUCTOKCOBBIX M CTOKCOBBIX JIMHMM B  CIEKTpPE  «rOpsYen»
JIOMUHECLECHIIUN OIMCHIBAETCS bopmyoit JUISL OTHOILICHMS
MHTEHCUBHOCTEH  3TMX  KOMIIOHEHT B  CHEKTpax  CIIOHTAHHOTO

KOMOHWHAITMOHHOTO PACCESTHUS CBETA.

3. B cmekTtpax JIOMHUHECIICHIIMM HAHOIMPOBOJOK YacTOThl  (OHOHHBIX
MOBTOPEHUM TIPpU WX HAIOKEHUU HA TIOJOCY KPaeBOTO W3IydCHUS
IPETEepIeBalOT CABUT, BEITUYMHA KOTOPOTO 3aBHCHT OT HOMepa (POHOHHOTO
noBTOpeHUs. ITOT 3(PPEeKT OOBICHEH B3aUMOJCHCTBUEM MPOJOTLHBIX

(I)OHOHOB C TCMHOBBIMH HOCUTCIISIMH 3apsa.

4. Tlpu ymeHblIEHUHM AMaMeTpa KOJUIOMAHbIX HaHouactull CdSSe g0 2 HMm
JUHUHU, COOTBETCTBYIOIIUE MPOAOIBHBIM ONTHYCCKUM (DOHOHAM B CIIEKTpE

PE30HAHCHOT'O KPC, Ha4YMWHAIOT YHIUPATBCA 141 CABHUT'aTbCA B



HU3KOYACTOTHYKO  00JacTh, YTO OOBSCHSETCS YBEIWYECHUEM  JOJIU

MMOBCPXHOCTHBIX 4dTOMOB.

5. IlpensioxkeHHast BEPOSATHOCTHAs MOJENb, MO3BOJISIIOLIAS  PACCUUTATh
pacnpezenenue MHTEHCUBHOCTEH LO-()OHOHHBIX MOBTOPEHH, aJeKBATHO
ONMCBIBACT IKCIIEPUMEHTAIIBHBIE TAHHBIE 110 «TOPSYEH» JIIOMUHECLEHIIUN B

HAHOIIPOBOJIOKAX U CBCPXPCHICTKAX.

6. B cmnekTtpax BTOPHYHOTO W3JIYyYECHHUS HAHOMPOBOJOK SApO/000I0UKa
(ZnTe/ZnSe) WHTEHCUBHOCTh JMUHUN, COOTBETCTBYIOIIUX MOPOJOJIHHBIM
onTHYeCKUM (POHOHAM Kak sijipa, Tak U 00OJOUYKH CYIIECTBEHHO BBIIIIE, YEM
B 0€3000J109€UHBIX HAHOMPOBOJOKaXx Ha ocHoBe ZnTe wmmm ZnSe. D10
yKa3bIBaeT Ha MepeHOC (HOTOBO3OYkKIECHHBIX ICKTPOHOB MEXKIY SIPOM U

000JIOUKOH.

7. Xapaktep  u3MeHeHUS ~ (GOpMBI  CHEKTPOB  (POTOIIOMUHECLICHIIUU
aJIMa30MOJIOOHBIX TUIEHOK M HaHOAlIMa30B MNpH (U3MYECKOW ajcopOruu
OMONOTUYECKUX  MOJIEKYJ  SBISIETCS ~ OTJIMYUTEIBHBIM  MPU3HAKOM

KOHKPETHON OMOJOTUYECKON MOJIEKYJIBI.
OcHOBHOE cojiep>KaHuE padOTHI.

Bo BBenenum 000CHOBaHA aKTyaJdbHOCTh TEMBI HCCIEJOBaHUWM, IOKa3aHa
Hay4YHas HOBH3HA U MPaKTHYECKasi 3HAYMMOCTh, C(OPMYJIHUPOBAHBI IIEJIM U 3aJ1a4d
paboThl, TMpPEJCTaBJICHBI CBEACHUS O CTPYKTYype U COAEpKaHUU pPaOOTHI,

IMPHUBCACHBI OCHOBHBIC ITOJIOKCHH A, BBIHOCUMBIC HA 3aIIUTY.

I'naBa 1 npeacrasnsier co0oil muTEepaTypHBI 0030p MO TemMe uccieaoBanus. B
JAHHOW TIJIaB€ YMOMMHAIOTCS pabOThl, MOCBSIIEHHBIE HCCIEIOBAHUIO CTPYKTYD
INOHWKEHHOW pa3MEepHOCTH, B TOM UHUCIE CTPYKTYp, I/I€ TYHHEJIHNPOBAHUE
BOJIHOBOM (PYHKIMHM BO30YKJIEHHBIX OJJIEKTPOHOB B MaTepHal Oimxailiiero

OKPYXXCHHUA OKa3bIBA€T BJIMAHHUC Ha OITHUYCCKHC CBOMCTBA I/ICCJIC,Z[yeMOﬁ
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CTpyKTypbl. OmnucaHbl HCIONb3yeMble B paboTe METOAbl HCCIEAOBAHUS:

KOM6I/IHaL[I/IOHHOC pacCeaHnuC CBCTA, «ropavdas>» JIIOMUHCCICHIINA.

B runaBe 2 npuBOAsATCA CBEIEHHS O SKCHEPUMEHTAIBHBIX YCTAaHOBKAX M
uccienyeMbix obpasuax. ['oBoputrcs o pu3NUECKUX CBOMCTBAX MOJIYHIPOBOJIHUKOB

Ha OCHOBe A;Bg, a Takke anmasHbIX CTPYKTyp. OmmuchiBaeTcs crnocod pocrta

CTPYKTYP.

I'maBa 3 sBisierca 0030poM OOLIMX SKCHEPHUMEHTAIbHBIX PE3yJibTATOB,
NOJIYYEHHBIX MPU HMCCIIEIOBAHUU CTPYKTYpP Ha OCHOBE IOJYIPOBOJHUKOB A;Bg
(manonpoBosioku ZnTe, ZnSe, ZnO, xBantoBblie TOukn C(CdSSe, mosiydyeHHbIC
METOJaMU KOJUIOMAHOM xumuM). [lokazaHbl 3KCIEPUMEHTAIBHO OOHApYXEHHBIN
KBAHTOBO-pa3MEpHbId  A(P(QEKT, NPOSABISAIOMIMICI B HW3MEHEHUU IIMPUHBI
3alpelieHHoN 30Hbl, cABUT 4yacToThl nLO-¢poHOHA mpu nomagaHuu B 001acTb
4acTOT KpaeBOM JIIOMHHECLEHIIMH, IPOU3BEAECHO CpPABHEHUE CTOKCOBOW H
AHTHCTOKCOBOM 00JacTell CrieKTpa BTOPUYHOTO M3Iy4YeHHUs HaHOMpoBOJOK ZnTe,
CENIaHO 3aKJII0OYEHUE O MPUMEHUMOCTH (HOPMYJIBI COOTHOIIEHUSI MHTEHCUBHOCTEN
CTOKCOBOM M aHTUCTOKCOBOM KOMIOHEHT B npouecce KPC mis cinydas «ropsiaeii»
JIOMUHECIIEHIIMM B 00JacTsX, JajleKkux OT pe3oHaHca. llpu wuccrnenoBanun
KOJUIOMJHBIX YacTHUI] Pa3MEPOM MEHbBIIE 2 HM 3KCIIEPUMEHTAIbHBIE CIIEKTPbI
NOKa3bIBaT CABUI U YIIUPEHHUE XAPAKTEPHBIX [TUKOB, OOBSICHEHHE KOTOPBIX TAKXKE

MIPUBEJICHO B KOHIIE TJIaBHI 3.

I'nmaBa 4 nocesnieHa nepefadye BO30YXKIEHMM B  MOJYIPOBOJHUKOBBIX
CTPYKTYpax B YCJIOBHX B3aUMOJCUCTBUSA. B HeEN aHAIM3HPYIOTCA CIEKTPBI
BTOPUYHOTO H3JIyYEHHs] HAHOIIPOBOJIOK TBEpAbIX pacTBOopoB ZnMnTe, ZnMgTe ¢
MIOMOIIIBI0 KACKAaJHOW MOJENN MPOILIECCA «TOpsAYEC» JIIOMUHECIICHIIMM B paMKax
KOTOPOW MOXHO aHaJU3UPOBATh COOTHOIICHHE MHTEHCHUBHOCTEH LO-(hoHOHHBIX
nukoB. [lpu  wucciaenoBaHMM  HAHOMPOBOJIOK  simpo/oOosouka ZnTe/ZnSe
OOHApY)KEHO BIMSHUE TYHHEJIHUPOBAHUS BOJHOBBIX (PYHKIUNA BO30YXKIECHHBIX

9JICKTPOHOB Ha CIICKTP BTOPHUYHOI'O U3JTYyYCHU.
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B rnaBe S npeacraBieHbl SKCIIEPUMEHTAIbHBIE PE3YJIbTaThl, TOJTYYEHHBIE IS
alMa3onono0HbIX CTPYKTyp. IlokazaHo, 4YTO Ha anaMa30moOJOOHBIX IUICHKaX
Hanuuue  (GU3MYECKH  aJcopOMpOBaHHOW  OMOJOTMYECKOM  MOJEKYJbl  Ha
MOBEPXHOCTU HM3MEHSET (HOopMy (POTOIIOMHUHECLIEHTHOTO MHKA aIMa30MoA00HON
IJIEHKU.  OKCIIEPUMEHTAJIbHBIE  JaHHbIC, [OJYYEHHbIE Ha HaHOalIMasax,
NOATBEPKIAIOT HAMYUE cABUTa (HOTOTIOMHHECIIEHTHOTO MHUKA, €ro 3aBUCUMOCTD

OT Tuna OUOJIOTMYECKOI MOJIEKYJIBbI U C1a0yI0 3aBUCHMOCTH OT TEMIIEPaTyPHhl.

B 3akitouennu npencraBieHbl OCHOBHBIE PE3yIbTaThl, IOJyYEHHBIE B padoTe.
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I'naBa 1.

CnexTpajibHble  CBOMCTBA  MOJYINPOBOAHUKOBBIX  CTPYKTYp

MOHUKEHHOUM pa3MepHOCTH (0030p JUTEpaTyphl).

1.1. UccienoBanue CTPYKTYP NOHUKEHHOM Pa3MEePHOCTH.

Co3nmanne  MaTepuagoB  MOHMKEHHOM  PasMEpPHOCTM  HAa  OCHOBE
MOJIYITPOBOJTHUKOB MOJKET peIaTh BOMPOCHI yHpaBieHHUS (yHIaAMEHTATbHBIMU
mapamMeTpamMu B TOJYIPOBOJHUKOBBIX KpHUCTAUIAX © TpUOOpax: HIUPUHOU
3ampelieHHoN  30HbI, 3(P(EKTUBHBIMU MaccaMu HOCHUTEJIEH 3apsjga W HX
NOABWKHOCTAMU U T.J. McciaegoBaHue penakcalli HOCHUTENEW 3apsiga, Koraa
pasMmep u3ydaeMbIX O0OBEKTOB CpaBHUM ¢ BOpOBCKHUM paanycoM 3JIEKTPOHA, JAaeT
BOXHYIO MH(GOPMAIMIO O MEXaHU3ME Ipoiiecca. 3HAaHUE dTOTO HEOOXOIUMO TpHU
pa3paboTKe HOBBIX MPUOOPOB Ha Oa3e 0OBEKTOB KBAHTOBOW Mpuponbl. B TeueHnue
HECKOJIbKUX JeCATUIeTHH B cepeauHe 20 B. aKTUBHO IIia pa3paboTkKa u
UCCIICIOBAHUE TETEPOCTPYKTYP M CO3/IaHME HA KX OCHOBE OINTOAJIEKTPOHHBIX
pUOOPOB: JIa3€POB, CBETOM3IIYYAIOIINUX JUO/I0B, SJIEMEHTOB COJIHEUHBIX OaTapei,
TPaH3UCTOPOB, TIpeoOpa3oBarened cBeta U T. A. B 1970-e HaumHaercs
U3TrOTOBJICHHUE u HCCJICJOBAHHE CBEpPXPEUIETOK. DKCIEepUMEHTAIbHO
MPOJICMOHCTPUPOBAHbl  HOBbIE  (PUBMYECKHE CBOMCTBA TETEPOCTPYKTYpP €
KBAaHTOBBIMH SIMAMH — OOHApY)KEHO pPE30HAHCHOE TyHHeIWpoBaHue [8].
Pe3onancHoe TyHHEIMpPOBAHHWE BIICKIO 32 COOON BO3MOXXHOCTh MPHUMEHEHHUS B
ObIcTpoAeHcTBYIOIIMEN dekTpoHuke. B 1980-e roapl ycmex B CO3MaHUU U
UCCIICIOBAHUM JIBYMEPHBIX TE€TEPOCTPYKTYP C KBAHTOBBIMHU SIMAMH IIOBJIEK 3a
co00i co3maHue M MCCIEAOBAaHUE CTPYKTYp C €Ill€ MEHbBIIECH pPa3MEpHOCThIO —
KBAaHTOBBIX MPOBOJIOK [9]. B oTiamume OT KBAHTOBBIX $IM, TJI€ HOCHUTENIH 3apsjia
OTPAaHUYEHbl B HANpPaBJICHUM, TMEPICHANKYISIPHOM CJIOSIM M MOTYT JIBUTAThCs
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CBOOOJHO TOJBKO B IJIOCKOCTH CJIOS, B KBAHTOBBIX IIPOBOJIOKAX HOCUTENIU 3apsijia
OTpaHMYEHBl B JBYX HAMpaBICHUSIX W MOTYT CBOOOJHO MEpEeMENIaThCsl TOJIBKO
BJOJIb OCH IPOBOJNIOKH. I[Ipm 3TOM mpoucxoaut MoauuUKalus 3JIEKTPOHHBIX
CBOMCTB BEIIECTBA — HOCHUTEINIM 3apsija MOTYT IPUHUMATh TOJIBKO ONpPEIEICHHbIC
3HaueHus: HHepruv. HaHONmpOBONIOKM MOTYT CTaTh KJIHOYEBBIMU KOMIIOHEHTAMHU
HAaHO- U ONTOXJEKTPOHMKM WM BBICTYNIaTh B poid ceHcopoB. IlepBeie
YIIOMUHAHUSI 00 U3TOTOBJIEHUU HAHOMPOBOJIOK OTHOCATCS K KOHIYy 1950-x. Toraa
Treuting 1 Arnold coobmm 06 ycnentHoMm cuntese <111> opueHTupoBaHHBIX Si
BruckepcoB [10]. TepmMuH «BUCKEPCHI» HIMPOKO UCIOJIB30BAIICA B TO BpEMsl, KOTia
peub IIa 0 HUTEBUIHBIX KpUCTaUIax. B HacTosiee BpeMsi TEPMUH «BUCKEPCHI»
IPAaKTUYECKH ucye3. BmecTo 3TOro ceifuac MMPOKO MPUMEHSIETCS TEPMHH
«HAaHOTIPOBOJIOKM» WM  «KBAHTOBBIE IPOBOJOKH», UYTOOBI MOJYEPKHYTH
KBAHTOBYIO IPUPOY MPOUCXOJAIIMX B HUX Mpoleccax. [lanbHeliee noHuKeHne
pa3MepHOCTH NMPUBOJAUT K BO3HMKHOBEHHIO KBAHTOBBIX TOYEK, MCCIIEJOBaHHUE U
cuHTe3 KoTopbix Benerca ¢ 80-x rogoB 20 B. Celiuac HIET HCCIEIOBaHUE
KBAHTOBBIX TOYEK C LIEJbI0 UX HCIOJIb30BaHUA 115 u3rotosiaeHuss LED, na3epHbix

AUO0J0B, 6I/IOMapKepOB AJI1 BU3yalin3alyn B MCAUITUHC.

B knaccuyeckoit MexaHUKe 4acTUIla KOJIEOJIETCS MEKIY CTEHKaMH SIMbI TIPU
ao00oM 3HadueHnn HHepruu. OOJacTe BHE SMBI HENOCTHRUMA. B KBaHTOBOM
MEXAHUKE HMMEETC KOHEYHas BEPOSTHOCTH TOrO, YTO YacTULlA HAXOIUTHCS
CHApYXKH U JUIsl BCSAKOTO KOHEYHOTO MHTEPBaja BHE SIMBI ATa BEPOSATHOCTh yOBIBAET
AKCIIOHEHITNAILHO. ECiin ke B BelmecTBe BHE SIMbI Oy/IET CYIECTBOBATh MEXAHU3M
B3aMMOJICUCTBUSL C YAaCTUUEH (DJIEKTPOHOM), TO BO3MOXHO Y4YaCTHE OTOTO

BCUICCTBA B IIPOLICCCC pClIaKCaAllUN 3JICKTPOHOB, B036Y)KI[6HHBIX B KBAaHTOBOH sIME.

OTnUYUTENbHOM OCOOCHHOCTBIO CTPYKTYP C MOHMKEHHOW Pa3MEpPHOCTBHIO
(CBepXpelIeTKH, HAHOMPOBOJIOKHM, KBAaHTOBBIE TOYKM) SIBIISIETCS UX pa3Mep,
CPaBHUMBIA C OOpPOBCKHM pPaJuycoM, CJIE€JOBATEIbHO, TAHHbIE CHUCTEMBI MOTYT
B3aMMOJICHCTBOBATH C OKPYKEHHEM. B HaHOMPOBOJIOKAX, KBAHTOBBIX TOYKaX THIIA
A7Ip0O-000JI0UKa, CBEpXpELIETKAX MOTYT 00OHapyKUBAThHCS 3¢ ekt
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TYHHCJIMPOBAHUA, CBA3AHHBIC C TCM, YTO MAaTCpUAJIbI AMbI U 6apbepa HaxogsATCsA B
TCCHOM KOHTAaKTC. HOBTOMy HaM MMpCACTaBIIACTCA Ba’XHbBIM BOIIPOC

B3aMMOJICUCTBUS U3YYAEMbBIX CTPYKTYP C UX OJIMKAUIIUM OKPYKEHUEM.

B cratbe [2] 3KCHEPUMEHTAIBHO HCCIEIOBAIUCH CIEKTPhl PE30HAHCHOIO
KoMOuHainmoHHoro paccesnus cera (PKPC) xopoTkonepruoaHbIX CBEpXpPEIIETOK
GaAs-AlAs u Oputn  3apeructpupoBansl mpoueccel PKPC nmo 4 mopsnka.
Pesynbrarhl ObUTM MpoOaHAIM3UPOBAHBI C Y4eTOM H(G(PEKTOB TyHHEIMPOBAHUSA
AIIEKTPOHHBIX ~ BO30yXJAeHMii B Takux cucremax. Ha cnoektpax KPC
UCCJIETIOBAaHHBIX CBEPXPEIIETOK HAOMI0JANNCh PE30HAHCHO YCHJICHHBIE JIMHUU
po0JbHBIX (H)OHOHOB Kak Matepuia GaAs, Tak u matepuana AlAs, XOTs sHeprus
BO30YKICHHS SIBJISLIACH PE30HAHCHOMN IS GaAs. [Tomy4yeHHbIe
HKCIIEPUMEHTAJIbHbIE JIaHHbIE OOYCJIOBJIIEHBI IMpOIlECCaMU  TYHHEJIUPOBAHUSA
AJIEKTPOHHBIX BO30YXKJIEHUN B o00isacTh Oapbepa: BO30ykIaemasl 3JIEKTPOHHO-
JBIPOYHAS Mapa C ONPEJEICHHOW BEPOSITHOCTBIO HAaXOOUTCSA Kak B cinoax GaAs,
Tak U B ciosax AlAs, u mpouecc TepMaIM3alUM MOXKET OCYLIECTBIATHCSA C

B0o30yxneaneMm LO-dononoB kak B GaAs, Tak u B AlAs.

Hanee, B pabdore [1] wucciaegoBanuch  (POTOTOMUHECHCHIIMS U
KOMOHMHaNMOHHOE paccesiHue cBeta B MQW crpyktypax. B cnekTpax paccesHus
MPUCYTCTBOBAJIM JINHUM, OTBEYAIOIIME KPACBOM JIOMUHECLUEHIIMU SIMbI, a TaKKe
LO-¢dononam Oapbepa. DHeprusi MCMIOIb30BAHHOIO BO30YXKIEHUS HAXOAMWJIAChH
MEX1y SHEprHel IIUPHUHBI 3allpelleHHo 30HbI Oapbepa ZnSe u simbl ZnCdSe. T.e.
Opyu  JaHHOM  BO30YyXJeHuW OapbepHble ciou ZnSe mnpo3pauHbl A
BO30YXKIAIOIIET0 U3TyYEHUS! — 3JIEKTPOHBI HE MOTYT OBITh BO30YXJICHBI BHICOKO B
30Hy MPOBOAMMOCTH, M, COOTBETCTBEHHO, JIIOMHHECLEHILMS HaOII0OJaThCs HE
MoxkeT. OnHako B paboTe ObUIO MOKAa3aHO, YTO B DKCIEPUMEHTE HaOMIOAAI0TCA
LO-(oHOHHBIC [TOBTOPEHHS HA YACTOTAX, JIGKAIIKX B HHTEpBate 246-251 cM™', u
OHM OTHOCSITCA K TMpojaoiabHOMY (oHOHY Oapwsepa ZnSe. Habmopenune LO-
(OHOHHBIX MOBTOPEHMI Ha YAaCTOTE MaTepuana Oapbepa MOXKET ObITh OOBSICHEHO

U3 TPEINOJIOKEHUS TYHHEIUPOBAHUS BOJHOBOW (YHKIUU BO30YKIECHHBIX
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AIIEKTPOHOB MBI B Oapbep. OmHuM U3 pe3ynpTaToB paboTel [1] sBmsercs
oObsicHenue HabmogaeMbix LO-(OHOHHBIX MOBTOPEHUM MEXaHHU3MOM «TOpsiuen
JIOMUHECLICHIIMM» B Marepuaie Oapbepa. JlaHHBIM mporecc MmpoucxoguT B 3
JTamna:

(I) dortonsl BO3OYx)maroniero usnydenus noriowmartcs QW, 3ToT mpouecc
HauOonee S(QPEeKTUBEH, €CIM HHEPrusi BO3OYXKIEHUS ONHM3Ka K Kparw 30HBI
MIPOBOJIUMOCTH, COOTBETCTBYIOLIEW MAaKCUMYMY HMHTEHCUBHOCTH I0J0Chl @DJI.
(IT) mpourcxoauT OOMEH SHEPTUEH MEXAY TOPSIYMMH AJIEKTPOHAMHU SIMBI U Oapbepa
Onmarogaps TOMy, YTO TOJIIMHA KBAaHTOBOM sIMbl Onm3ka K paauycy bopa
AIIEKTPOHA.

(II)  nmamee  MPOMCXOAUT  pelakcalusi  SHEPIMH  DJIEKTPOHOB  yepe3
MOCJIEIOBATEIbHOE B3aMMOJICHCTBIE C MPOAOJbHBIMU ONTUYECKUMHU (HOHOHAMU
Oapbepa, 4yTO MPUBOAUT K H3IMydeHUI0 LO-(OHOHHBIX MOBTOPEHHM Ha YacTOTE
npojosbHOro (QoHoHa ZnSe (6apbepa). YUuciaeHHbIE pacyeThl MOATBEPANIN
peabHOEC TIPOHUKHOBEHUE «XBOCTOB» BOJIHOBOW (YHKIIMUA BO30YKIEHHBIX
AJIEKTPOHOB SIMbI B MaTepuan 0apbepa.

B paborax [4,5] oOHapykeHO CyllecTBOBaHHWE HAaHOYACTHYEK yTriepoja, B
KOTODBIX CEpAIEBHHA COICPKHT «IPadUTOMNONOOHBIC» ATOMBI C Sp° CBA3IMH, a
060/104YKa CONEPIKUT «aIMa30M0J00HbIE» SP° CBA3H. XapaKTEpPHOH 0COOEHHOCTHIO
TaKUX YaCTUI[ SBISETCS Halu4ue (POTOTIOMHUHECHEHIIMU B BUAUMOW 00JacTH
criekTpa. AHanoruyHeli 3¢dext HaOmomancs Ha mnopuctoMm rpadure [3].
[TopucTtoe BemiecTBO cO3aeTCsl MPU AHOAHOM TPABJICHHM JAHHOTO BEIECTBA B
KPUCTAIUTMYECKOM COCTOSIHMM. [lopucToe BEIIeCTBO COJEPKUT HAHOYACTHUIIBI,
AP0 KOTOPBIX HMMEET CTPYKTYPY HCXOJHOIO KPHUCTAJUIMYECKOro BellecTBa. B
paborax [3,4,5] ObLT MpeIOKEH CICTYIONINI MEXaHW3M (POTOTFOMUHECIICHITUN
YIAEPOJHbIX  HAHOYACTHI: CBET MOIVIOLIAETCS  Y3KO30HHOW  YIrJiepOoAHOU
(rpaduTONOI06HOI) YacTHIEH, coaepKalleil Sp° CBA3H, BO30YKICHHE MepeIacTes
B OmmKajilllee OKpYKEHHE YaCTHIB (AIMa30mogo0HOe), KOTOPOe COAEp:KaT Sp

CBSI3U, TJI€ U IPOUCXOAUT (HOTOPEKOMOMHAIIMS BO3OYKICHNUS.
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[lonTBep:keHne CyIIECTBOBAHMS TaKOrO MeXaHHW3Ma ObLIO OOHApyX eHO
OpU HCCIEAOBAHWM ONTHUYECKUX CBOMCTB OOpa3lOB MPUPOIHBIX alIMa30B,
o0nMy4eHHBIX WOHaMu Bojopona u remus [11]. Xopomo W3BECTHO, YTO TpH
o0MyyeHMH B anMa3e BO3HHUKAIOT HaHoOYacTUlpl Tpaduta. JlaHHas cucrema
SIBIISIETCSl TPUMEPOM HAHOYACTHII YTIEPOAa CO CTPYKTYpO# rpaduta, OKpYKEHHBIX
IIMPOKO30HHBIM OapbepoM (anma3z). OOHapy)KeHO, UYTO TpPU MajbIX J03ax
00Jy4eHUs] MHTEHCUBHOCTH (DOTOJIOMUHECIICHIIMM BO3pAacTaeT C POCTOM 03Bl
obsyuyenus. [Ipuyuem, ¢popma mosocel POTOTIOMUHECIICHIIMN COBIIAAET ¢ popmoi
MOJIOCH JIIOMHUHECLIEHLIMA HCXOAHOTO anMasza. OTO MOXKHO TOHATh, €ClIU
IPEINOJIOKUTh, YTO BO3HHMKAIOUIME HAHOYACTHUIBI YIepoAa IMOTJOMIAIOT CBET, a
BO30YXKICHHE TepeaaeTcs B OJrpkailiee OKpY>KEHHE - MOHOKPHCTAIUT aiMasa.
[TosTromMy Ha HauadbHOM 3Tane OOMy4YEHUs MPH YBEIWYEHUH J03bI BO3HHUKAET
Oonplllee KOMWYECTBO HAHOYACTHI[ U, CJIEIOBATENbHO, (DOTOIOMHHECIICHITUS
CTaHOBHTCS MHTEHCUBHEE. [IpoBeIeHHBIC IKCIIEPUMEHTHI TTOITBEP)KIAI0T HATUIHE
MeXaHHU3Ma penakcanuu (GOoToBO30YKIACHHUS HAHOYACTHUI] C yYaCTHEM BEIECTBa €€

OJIMKANIIEro OKPY>KEHUS.

AHaJOTHYHBIN MeXxaHu3M ObLI mpeaniokeH B padote [12] ana oObsicHeHUS
(OTOMIOMUHECIIEHIIUN  TOPUCTBIX  MOJYNPOBOAHUKOB. B  pabore Tak ke
IPENoarajioch, 4TO CBET IOIVIOMIAETCS KPHUCTAJUIMYECKUM SIIPOM, a 3aTeM
BO30Y)KJIeHHE TMepeaaeTCs Ha IMOBEPXHOCTHBIE COCTOSIHUSA, TJ€ U TPOUCXOIUT

JIOMHUHCCHOCHIINA.

PaGora [6] mocCBsIIEHa WCCIENOBAHUIO HAHOAIMAa30B C (PU3HYECKU
aJCOPOMPOBAHHBIMA HA WX TIOBEPXHOCTh OWOJIOTHYECKUMHU  MOJICKYJIaMU
(m3oumMm). Hamnune MONEKyJbl JM30LMMAa HAa IIOBEPXHOCTH HAHOAIMasa
U3MEHSJIO CIEKTP (POTOTIOMUHECIICHIIMM HaHOAIMa3a, XOTSI MEX1y MOJICKYJIaMH U
HaHOAJIMa30M MPOUCXOAIa (hu3ndecKas ajacopomus. B criekTpe mroMuHeCIIeHINN
MOSABJISITIACH JIONIOJHUTENBHAS M0JIOCA, CIABUHYTAsl B CTOPOHY MEHBIIUX SHEPTHIA.
b1 mpeanoxkeH  cienylomuid  MEXaHM3M, OOBSICHSIOMMNA  HAOI0JaeMble
OKCIIepUMEHTanbHble  (akThl. [loBepxXHOCTHP  amMasza  Bcerga  COACPIKUT
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rpaduTonoo0HbIe HAHOYACTHIBI. OTH YaCTULBI MOTJOUIAIOT KBaHT CBETa H
poxaaeTcs BO30YXKICHHBIH SIEKTpOH. Ecnu pasMep 3THUX YacTHIl CpPaBHUM C
BOJIHOBOM (PyHKIMENW BO30YKIEHHOTO 3JEKTPOHA, TO 3JIEKTPOH MOXKET MEPEUTH B
MaTepuain OMKalIIero OKpy>KeHusi: B 00beM HaHOalIMa3a WM B OMOJIOTHYECKYIO
MoJIeKylly. B ciyyae TyHHENMpPOBaHHUS 3JEKTPOHA B OMOJIOTMYECKYIO MOJIEKYILY
BO3MO>KHO TOIJIOIIEHUE YaCTHU SHEPTUU JIEKTPOHA IIPU COBIAJAECHUU €r0 SHEPTHUHU C
DHEPreTUYECKUMHU YPOBHSAMH MOJIEKYJIbI. Jlajiee 3JIEKTPOH C MEHBIIECH dHEprueu
MOKET TYHHEJIHMPOBATh B HAaHOAJIMa3 U pPENAKCUPOBaTh TaM C MCIyCKaHHEM
¢oronoB. Takum 00pa3oM, Ha JIIOMHUHECLEHTHBIX CHEKTpax OyaeT HabItoIaThCs
u3MeHeHne (OpMbl U CMEIICHHE JIIOMUHECUEHIIMU HCCIEeIyeMON CHUCTEMBI: Ha
JIOMUHECLIEHTHBIN TUK HaHOAJIMa3a Oy/eT HaKJIaJblBAThCS JJIOMUHECLEHTHBIN MUK
HaHOAMa3a MEHBIIeH SHEpPruu, TOJNYYEHHBI B pe3ylbTaTe pellakcaluu
AJIEKTPOHOB, HEPAJUALMOHHO OTIABIIMX 4YaCTh CBOEH SHEPIUU OMOJOTMYECKOU
MOJIEKyJe. OHEprus, COOTBETCTBYIOLIAs CABUTY JIIOMUHECLUEHTHOIO IMKa

XapaKTEePHU3yeT SHEPTETUUECCKUE YPOBHU HAHECEHHON OMOJIOTHYECKON MOJICKYJIBI.

Takum oOpa3zom, nanHas paboTa SBISETCS MPOAOKEHHWEM HaIpaBIICHUS
UCCJIEIOBAaHUM TOJYPOBOJIHUKOBBIX COEJUHEHHH, B KOTOPBIX ONTHYECKHE
CBOMCTBA CHUCTEMbI OIPENENSIOTCS C YYETOM B3aWMOJICHCTBHS OOBEKTa U €ro
ONMKaMIIero OKpy>KeHUs; TYHHEJIHUPOBAHUS BO30YKJIEHHOTO 3JIEKTPOHA M0 BCEMY
MaccHUBY HMcceayeMon CTPYKTypbl. I[IpoBeneHHBIE AKCIEPUMEHTHI MOITBEPKAAIOT
HAJIMYUE MEXaHW3Ma pellakcaluu (POTOBO30YKIEHHBIX HAHOYACTHUI[ C Y4aCTHEM
BellecTBa Okaliiero okpyxkeHus. llosTomy 1enpio gaHHOM paboOThl OBLIO:
UCCIIEIOBAaTh ONTUYECKHUE CBOMCTBA HAHOOOBEKTOB (KBAHTOBBIE TOUKH, KBAHTOBBIC
IPOBOJIOKM Ha OCHOBE IMOJYHNPOBOAHUKOB A,Bg M uX TBepAbIX pacTBOpOB,
yIJIEpOIHbIE CTPYKTYPBl); HCCIIEAOBAaTh BIMSHUE ONMKAMIIETO OKpY>KEHUS
HAaHOOOBEKTOB HAa MX ONTHYECKHE CBOMCTBA M peJaKcaluio BO30YXICHHH BO

B3aMMOJICHCTBYIOIUX HAHOOOBEKTAX.
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1.2. KomOMHAIIHOHHOE paccesiHUE CBETA.

B ocHoBe meTo/la KOMOMHAIIMOHHOTO paccesHusi cBeTa JEKHUT 3P EeKT
HEyNpyroro paccesHust cseta. Ecnm oOmyuaTts cpeny (TBepaoe Teno, KUIKOCTh,
ra3) MOHOXPOMATHMYECKHM H3JIy4YE€HHUEM, TO B pe3yJbTaTe B3aUMOJICUCTBUSA
U3JIy4eHHs] M BEIIECTBA B CIEKTPE PACCESTHHOTO M3IYUYEHHUSI MOXKET MOSIBUTHCA

JOTIOJIHUTENIbHOE M3IyYeHUE € 4YacToTol w, =, +Q, TIe o, - Yacrora
PacCEesIHHOTO M3IIyY€HUs, @, - YaCcTOTa M3JIy4eHHUs BO30YXKIAIOIIETo ja3epa, Q -

coOCTBEHHasi yacToTa KoJyieOaHHs HccienyeMon cpeabl. B mpouecce paccesHus
BBITIOJIHSIIOTCSL 3aKOHBI COXpaHEHUsi UMIMyJbca U 3Hepruu. [lpu mnpubnumxeHun
HEPruM BO30YXKIAIOIIET0 M3JIY4YeHHUS K OHHEPruHM 3JIEKTPOHHOTO TMepexojna
BEILIECTBA IMPOUCXOJUT YBEIMYECHUE CEUCHHSI PACCESHMS. DTO TAK HA3bIBAEMOE
pe30HaHCHOE KOMOMWHAIITMOHHOE paccesiHue ceta [7].

[Ipu  muxpockonmmueckoM  moxaxonae — omucanus  3¢pdekra  KPC
paccMaTpuBaeTCs CHCTEMa: BEIIECTBO + H3JIy4eHHE. DJEKTPOH - (DOTOHHOE U
AIIEKTPOH-(DOHOHHOE B3aUMOJEUCTBUS CUMTAIOTCA MajbIMU M BBOJATCS Kak
Bo3myueHue. Torma BeposTHOCTH KP Kak TpexdTamHOro mporecca paccesHus
OyJIeT OTIMYHA OT HYJISA TOJILKO B TPEThEM MOPSAKE TEOPUU BOZMYIICHUH.

Ha pwuc.1.1 mnpeacraBnena pamarpamMmma mporecca OJHOGOHOHHOTO |
JNBYX(POHOHHOTO pAaCCesiHUs, JUIsl KOTOPBIX B KAaueCTBE IPOMEKYTOUHBIX

COCTOSIHUY NMPUHUMAIOTCSI COCTOSIHUSA IEKTPOH—ABIPOYHBIX I1ap.

2= - T, @g
;‘H /,E

- ——
Q]"?’ﬁ, vy Sdo £ [3%92 2
A % o B Oy

L] : [£3)

wy (€ \5 B 4 ?S..

- = “ =
D — = - doTon I

A S - poOHOH

- — - - - AJEKTPOH
- —--- - ObIPpKa

Puc.1.1 JlmarpammHOEe TIpeACTaBJICHUE IPOIIECCOB KOMOWHAIIMOHHOTO pacCEesHUS CBETa B

MOJYIIPOBOTHUKAX: a - 0IHO(POHOHHBIN Tporiecc; O - TBYX(OHOHHBIH Mporece
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[lepBsIiii mepexo/ ABISETCS NPAMbBIM MEK30HHBIM BO30YKI€HUEM HJIEKTPOHA
U3 BAJICHTHOU 30HBI B 30HY IIPOBOAMMOCTH. IIpy 5TOM NpPOUCXOAUT IOIVIOLIECHUE

doToHA /1w, U cO3AAHME FNEKTPOH-IBIPOYHON Mapbl MPOMEKYTOYHOTO COCTOSHUS

).
BtopeiM 3TanoM MNpOMCXOAUT paccessHUE DSJEKTpoHa (ABIPKU) dYepes

AIIEKTPOH-(POHOHHOE B3aUMOJIECUCTBUE C POKICHUEM MM YHUUTOXKEHHEM (POHOHA

@, 1  BHYTPU3OHHBIM MJIM MEKIY30HHBIM IEPEXOJOM DIEKTPOHA (IBIPKH) B
HOBOoe cocrosHue|fS). TpeTuil mepexoi BKIIOYACT PEKOMOMHALUIO SICKTPOH -
ABIDOYHONH TMapbl C BO3BPAIICHHEM CpElbl B OCHOBHOE COCTOSHHE [0) |
u3nydenneM (otoHa hw,. Beipaxkenme mis ceuenus paccesaus KPC Oymer

COAEPkKaTh YICHBI BUJA:

9

5 z<0|Pes|/”><ﬁ|H|“><alpez|0>|2

a,B (a)ﬁ - a)s )((l)a - w])
rae (0|pes|B), (@|pe,|0) - MaTpHUHBIC S]IEMEHTHI AUMOIBHOIO MOMEHTA NEPEXo/a,
ONpeelsIomuecss dJIeKTpoH - (OTOHHBIM B3auMogeiicTBueMm, (fB|H|a) -

MaTPUYHBIN JIEMEHT 3JIEKTPOH-(DOHOHHOTO B3aUMOAECUCTBHUSI.

N3 Boipakenus st ceuenuss KPC BugHO, 9TO MpH MpUOIMKEHUN SHEPTUU
BO30Y)KIAIOIIEr0 H3Jy4YeHUsT K DHEPIMM AJIEKTPOHHOIO IIEPEXoja BEIIECTBA
IIPOUCXOUT YBEIUYCHUE CEUCHHs PACCESIHMsI. DTO TaK HA3bIBAEMOE PE30HAHCHOE
KOMOWHAITMOHHOE PACCESHHUE CBETA.

B Impouecce paCCCAHUs BBIINMOJHAIOTCSA 3aKOHbBI COXPAHCHHA UMITYJIbCa U OHCPIrUu:
ws =@, TQ,
k, =k, +K,
rae £ u K — wacrora u BONHOBOI BEKTOpP (POHOHA, YUACTBYIOLIETO B PACCESTHHUH.
B 00bIuHBIX 3KCTIEpUMEHTaX (B BUAMMOMN WK OJM3KON K BUJIUMOM YacTH CIIEKTpa)

JMana3oH BOJHOBBIX BEKTOpOB (oHOoHa ecTh 0 < K <10°¢m ~!. Dro o3Hauaer,

4TO JJIA IIPOUCCCOB PACCCAHUS IMCPBOro MOpsAaAKa JOCTYIIHBIC 3HAYCHUSA K wmainst
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110 CPAaBHEHHUIO ¢ BEKTOpPOM oOpatHoii pemeTku (~10 8 ey —1). Takum o6pazom, B
CIEKTpaxX  KPUCTAUIMYECKHX  BEIIECTB  NPOSBISIOTCS  TOJNBKO  IHKH,
COOTBETCTBYIOIIHNE YacTOTaM (POHOHHBIX KoJieOaHUU B IIEHTPE 30HBI bprinosHa.
Ecnu ke TpaHCISIMOHHAS CUMMETPUS CPEAbl HapylleHa (3TO WMEET MECTO B
aMOp(HBIX CpefiaxX, B KpUCTaIaX Majoro 00beMa, B HEMpO3padHbIX Cpenax u ap.),
TO MPUHUMATh y4acTHE BO B3aUMOJCHCTBMH MOTYT (hoHOHBI ¢ 00biM K

H&6J’IIO,Z[3€MI)II>1 CIICKTP COOTBCTCTBYCT INIOTHOCTH q)OHOHHBIX COCTOSIHUH.

OO6b1ynO B cnekrpax KPC nposiBisitorcss COOCTBEHHBIE YacTOThI KOJeOaHUH
aTOMOB U TIpymnn aToMoB. [[ns naHHON cpeabl HAOOp COOCTBEHHBIX KOJeOaHUM
3aBUCHT OT CTPYKTYpbI, COpTa aTOMOB M COBEPIIEHCTBA IPOCTPAHCTBEHHOU
CTpYKTyphl cpenbl. M3BectHo, uto cnekrpel KPC moboro Bemectsa obnanaror
O0COOCHHOCTBIO «OTIHEYaTKOB ManblieB». T.e. HeBo3MoxkHO crnektp KPC omnoro
BEIIECTBA MOJYYUTh OT KaKOTo-IMOO APYroro BeLIeCTBAa WM coenuHeHus. U
HAa00O0pOT, €CIIN CIIEKTP KaKOro-IMO0 BEIIECTBA U CIIEKTP HEU3BECTHOIO BEIIECTBA

COBIIaAacT, TO 3TO OAHO M TO K€ BCIICCTBO.

B nanHoli paboTte ucciaeaoBaauch MOMYNPOBOAHUKM Ha OCHOBE A,Bg. Jlis
npuMepa paccMoTpuM ZnSe, B 3JIE€MEHTAPHOU sueHKe ero KyOM4eCKOW pelieTKd
(ctpyktypa Tg) HaxonmsaTrcs JBa pa3lIuuHbix aroma. KojebaHus aToMoB
OTHOCUTEIBHO JAPYT Jpyra SIBISIOTCS MOJSPHBIMU (M3MEHSIETCS SJICKTPUYECKUN
nunons). B cnextpe KPC Tpmwxkasl BbIpokIeHHOE KoJiebaHHE pacleruisieTcss Ha
JIBE MOJIOCKHI — OJTHA Ha YacCTOTE 252¢m (mpoaoJsibHOE onTudeckoe kosedbanue LO)
¥ Ha yactote 205cM’ (momepeuHoe, ABaXIbI BHIPOKIEHHOEe Konebanue TO). B
tabauie 1 mpuBeaeHbl 3HAYEHUST YacCTOT MOMEPEUYHON U MPOJOJILHON ONTHYECKHUX

MOJI 711 HEKOTOPBIX cOeIuHEHU A,Bg.
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Tabmuma 1.1

Kpucramipl THIa IMTHKOBOM OOMaHKH

Kpucrann YacroTa monepeyHou YacroTa npoaobHOU
ONTHYECKOH MOJIBI CM ' ONTHYECKOI MOJIBI, CM '
SiC 796 972
ZnS 274 349
ZnSe 205 252
ZnTe 179 205
CdTe 140 171
GaAs 268.,6 292
InP 303,7 345
InSb 179 200

B  okcmepumeHTax M0  KOMOHMHAaIIMOHHOMY  pPAacCesHUI0  CBETa
PETUCTPHUPYIOTCS CHEKTPHI, cojaepikamue WHHOPMAIUI0 Kak O COOCTBCHHBIX
KOJICOAHUSX PEIICTKU/aTOMOB, BXOSIIMX B HUCCICAYEMYIO CHCTEMY, TaK H O
JIOMHUHECIICHITH HCCIIETyeMOT0 00BEKTA.

C MOMONIbIO JIFOMHHECIICHTHBIX CIEKTPOB ONPEACISIOTCS 3JICKTPOHHBIC
COCTOSIHUSI CUCTEeMbI (IIIMPHHA 3alPEUICHHON 30HBI, IPUMECHBIC YPOBHU M T.1.),
MOJKET OBITh 3apETHCTPUPOBAHO M3MECHEHHUE JICKTPOHHBIX COCTOSIHHMA (Hampumep,
U3MCHCHHE NIMPUHBI 3aIPEIIICHHOM 30HbI B TPOBOJIOKAX OTHOCHTEIIBHO 00BEMHOTO

MaTepuaia BeleAcTBre 3 dexTa pa3MepHOro KBAHTOBAHUSA).
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[Tox BTOpUYHBIM U3TyYeHUEM Jajee OyeT MoApa3yMeBaThCsl COBOKYITHOCTh
KPC, «ropsueii» TIOMHUHECICHIIMN W JIIOMUHECIICHIIUN, KOTOPBIC HAOIOMAOTCS

9KCIICPUMCHTAJIbHO OJJHOBPCMCHHO.

[ToBepxHOCTHBIE OnTHYECKHE (HOHOHBI BO3HUKAIOT HA TPAHUIIE NBYX CpEl.
[ToBepxHOCTHBIE ONTHYECKUE (POHOHBI UMEIOT IUCTIIEPCHUIO: UX YAaCTOTa 3aBUCUT OT
BOJTHOBOTO BEKTOpa K,, HaAmpaBJICHHOTO BJOJL TOBEpXHOCTH. [l mroboro
3HaueHus k, yacrora SO-moapl HaxXoaUTCS B 3a30pe Mexay yactotamu TO- u LO-
dboHoHOB ¢ k > c 00BeMHBIX MarepuasioB. YacTtoTa MOBEPXHOCTHOM MOJBI
OTpEICIISIETCSl TUAJIEKTPUUECKUMHU CBOMCTBAMHU MaTEpPHAIOB C 0OEUX CTOPOH OT
MOBEPXHOCTHU: TMOJYNPOBOJHUKA M JAUDICKTPUYECKOTO OKPYXKEHHS, a TaKkKe

dbopMOii HAHOCTPYKTYPBI.

1.3. «['opsiuasi» TrOMUHECIHEHITUSI.
B  oakcmepuMmeHTaX ~ KOMOMHAIIMOHHOTO  PAacCesHUS  CBETa  MOTYT

pPEeann30BbIBATHCA HECKOIBKO YCIOBHUM:

- oTcytcTBHe pe3oHaHca E;< E; — B030yXJeHHE CBETOM C DHEprueid MeHbIe

LIMPUHBI 3alIPELIICHHON 30HBI;

- pe3onancHble ycnoBus Ei, > Eg — sHeprust Bo30ykaaroiiero u3iaydeHus 0oJiblie

3aIpPEMCHHOMN 30HBI;

- pe3oHaHC Mo paccessHHOMY cBeTy Eg= E;, - mho o ~ Ey — xorma paccessHHbIN
CBET ONM30K K SJCKTPOHHOMY TEPEXOAy MOJYIMPOBOJIHUKA. 31ech Ej, - 3HEprus
KBaHTa CBETa, Majaroiiero Ha obpaserl, E,, — SHeprus KBaHTa pacCesTHHOT'O CBETA,

Ey - sHEprus 31eKTpOHHOTO Mepexoa.

OIHUM W3 UWHTEPECHBIX SIBICHUU B KPC sgaBngerca «ropsiuas»
JIOMUHECIICHIINS TIOJSIPHBIX TTOJIYITPOBOJHUKOB TIPH BO30YKICHHH KpHCTaslIa
CBETOM C 3HEpruei O0JbIIe SHEPTUU 3alPEIICHHON 30HBI.

B »sTroM mpoliecce peanibHbIE AIEKTPOHHO-IBIPOYHBIC Maphl, CO3/IaHHbIC

($OoTOHOM, B3aMMOJEHCTBYIOT uepe3 Makpockommyeckoe moine ¢ LO ¢doHOHOM
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MOJTyTIPOBOJTHUKA U MOTYT KaK COPOCUTh KBAaHT 3HEPTUH, paBHbIN 3Heprun LO, Tak
Y NOTJIOTHUTh, €CIIM TEMIIEpATypa HE HyJeBass. DTOT MPOLECC MOXKET MOBTOPATHCSA
HECKOJIBKO pa3 M TOCJIE KaXIO0ro B3aUMOJAECHMCTBUS CYIIECTBYET BEPOSTHOCTH
doTtopexkoMOMHAIIMN  BIEKTPOH-AbIpoyHOW mapsl [40]. B  pesympraTe mnpu
BO30Y)KJIEHUM BbIIIE LIMPHUHBI 3aNpPELICHHOW 30HBI, CHEKTP pPacCEsHHOIrO
U3IYyUYEHUS! COJIEPKUT JOBOJBHO Y3KHE IOJIOCHI, OTCTOSIIME OT BO30YXKAarolien

JIMHWUHW Ha PAaCCTOAHUAX, KPATHBIX SHCPTHUH IPOAOJIBbHOT0 OIITUYCCKOTO KoJieOaHus

(puc. 1.2).

—1LO  Puc. 1.2. Cxemarumdeckoe IIpeCTaBICHUE
2L «TOpsYEN» JIIOMUHECUECHIIUU

- 3LO

- 4.0

- 5LO

Tak Kak MHTEHCUBHOCTH I10JIOC <<F0p$[‘—ICI>i>> JIOMHMHCCIOCHIIMK BCJIHWKA, TO
9TOT B(IJ(I)CKT MOXKCET HCIIOJIB30BATbHCA KaK MCTOA HM3YUYCHUA (1)OHOHHOI‘O CIICKTpa

HAHOOOBEKTOB.
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I'naBa 2.

IKCNEPUMEHTAJIbHAS YaCTh.

2.1 DxcnepuMenTaabHas ycranoBka ais KPC.

Ha pwuc.2.1 mnoka3zaHa mNPUHIMIIKAIBHAS CXEeMa OJKCIICPUMEHTa C
ucrnonb3oBanueM wmetonukn KPC. OOpazery oOiydaercs M3IydeHHEM Jiazepa.
PaccesiHHOE M3iTydeHHE TPOIMYCKAETCS Yepe3 MOHOXPOMATOP HMJIM CIEKTPOMETp U
nomnaaaeT Ha (POTOIIEKTPOHHBIM YMHOXKHUTEIb WM MHOTOKAHAJIBHBIA JIETEKTOP.

I[aHHBIe 3aIIMCBIBAIOTCA B ITAaMATh KOMIIBIOTCPA.

Video O

monitor
Monochromator
Laser V
I Zm PMT
e
. Filter
Microscope

Sample = _ 7 IDl

. Computer
Motorized XYZ stage

Puc.2.1 [IpunnunuanbHas 0JI0K-cXeMa HKCIIepUMEHTa

B nammx okcmepumentax cnekTpel KPC  perucrpupoBamuch Ha
cnektpomerpe U-1000 mpousBoactBa ¢upmsl Jobin-Yvon (@panuus). 3ITo
npuOop MpeAHa3HAUYEH JJISl CIIEKTPOCKONUYECKUX U3MEPEHHH, KOTOpble TPEOyIOT

BBICOKOI'O pa3pCuIi€HHUs, HH3KOIroO YpOBHsA pPacCCCIHHOroO CBETa H BBICOKOM
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qyBCTBUTENbHOCTU. OCHOBY MpHOOpa COCTaBISET IABOMHONM MOHOXPOMATOp C

IUIOCKUMU JU(PPAKIIMOHHBIMU pelieTkamu (puc.2.2).

Puc.2.2 Ontuyeckas cxema cekrpomerpa U-1000

[IpsiMble BXOAHBIE U BBIXOJHBIE WIEAM KAXIOTO MOHOXpOMAaTopa
perynupytorcst BpyuHyto ot 0 1o 3 mMm. O6e nudpakiiMOHHbBIE PEIETKU KPEesTCs
Ha OJHOM TOPU30HTAJBLHOM OCH, KOTOpas NapajuielibHa IITPUXaM PEHIETKH.
Boixonnas miens (F2) mepBoro MoHOXpoMaTopa 0ToOpaXkaeTcsl Ha BXOJIHYIO IIEJb
(F3) BTOporo Mmonoxpomaropa ¢ moMoIIbi0 BOruyToro 3epkaia MC3 ¢ ¢hokycHbIM

paccrosiurem 0.5M u 3epkan M1, M2, M3, M4.

B cranmaptHOi Bepcunm mnpubopa Au(PAKUMOHHBIE PEHIETKH HMEIOT
1800mrTp./MM. Paspemaromas criocoGHocTs TpubGopa mpuMepro 0.15 cm (mpu
5791 A); yposenb paccesrnoro ceera 10™* mpu 20 cm™. ITpubop oGecreunpaer

BOCIIponU3BoAMMOCTH Jydlie ueM 0,1 A u umeet mumpokuit auanazon 400 - 800 HM.

B ocHoBHOM mnpubop opueHTHpoBaH Ha peructpauuto cnekrpos KPC u
UMEET Psi MPUCIIOCOONCHUN IJIsl MPOBEICHUS SKCIEPUMEHTOB MO PACCESHUIO
CBETa IpPH Ja3epHOM BO30YKIECHUU: Kamepa JJsl MCCIET0BaHUS MAaKpOOOBEKTOB;
TOHUOMETPUYECKUI CTOJHUK; Bpallaromiascs s4eika; nedb A HarpeBa oO0pasioB
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10 400 C° u psn apyrux. IIpubop Takke CHa0KEH ONTUYECKUM MHUKPOCKOIIOM,
MO3BOJIAIOIIMM ONTHYECKHM CIOCOOOM BBIACNATH HCCIACAYEMYIO MOBEPXHOCTD
oOpasiia pasmepoM 10 ~2x2MKM. B ero KOHCTpYKIMH NPUMEHEH MPUHIIHUI
MOJYJIBHOCTH, YTO TO3BOJSET OBICTPO MpHUCHOCcA0INBaTh €ro K YCIOBUSM
sKcriepuMenTa. [IpuHIMNn MOAYJIBHOCTH MOJIOKEH TaKKE B OCHOBY 3JIEKTPOHHOIO
Oysoka  ympaBiaeHuss — npuOopoM  Spectralink,  KOTOpBI  OCYIIECTBIISET
CKaHUPOBaHME, COOP NaHHBIX, BBIBOJ MOJYyYE€HHOW HH(OpMALMKU MPU MOMOIIU
nporpaMmmMupyeMbix mMojysei. C IOMOIIBI0 MOJYJIA TapajuielibHOro uHTepderica
(8 6ut, RS 232) ocymectBisieTcst Jierkoe monakimodeHre Kk BHemHed OBM. K
npuOopy IpuilaraeTcs makeT mporpamm MaTemaTuueckoro ooecrneueHus PRISM,
coJiepaliil mporpaMMmel yrpasieHus: U coopa unpopmaimu. B maremaTtrueckoe
oOecrieueHne BXOAUT OOJBIIOE KOJUYECTBO MPOTPaMM MEPBHYHON 00pabOTKU
naHHbIX. lMmeeTcs BO3MOXKHOCTH CO37aBaThb COOCTBEHHBIE MOJMPOTrPaAMMBI,
XPaHUTh C KaXKIbIM CHEKTPOM MOJIHYIO MH(POPMAIINIO, KaCaIOIIyICs apaMeTpoB
coopa. CrekTpomMeTp MOXKET paboTaTh KaKk B aBTOHOMHOM pEXKHME, TaK U C

yrnpasyieHuem or IBM.

B kauecTBe MCTOYHMKA JIA3€PHOTO  M3IYYEHUS  HUCIOJB3YIOTCA aproH-
kpunToHoBbINM J1azep Stabilite 2018 u He-Cd nazep. Cenexuus nuauii Ha Ar-Kr
Ja3epe OCYIIECTBISAETCS MOCPEICTBOM BHYTPUPEZOHATOPHOU MPU3MBI.

B Ttabmune 2.1 npencraBiaenbl JauHuM TreHepanuu  Ar-Kr  mazepa wu

COOTBCTCTBYIOINNEC MOIITHOCTH:

Tabmura 2.1
YacroTa JIMHUU — MOIITHOCTE:
679.4um — 80MBT 488.0aMm — 520MBT
647.1am — 320MBT 482.5aM — 90MBT
568.0um — 140MmBT 470.5am — 140MBT
530.0am — 150MmBT 472.7Tam — 210MBT
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520.0am — 45mMBT 465.8um — 40MBT

514.5am — 630MBT 457.9um — 120MBT

501.7am — 160MBT 454.5um — 150mMBT

495.6am — 250MBT 441.6am — 30MBT (na He-Cd)

[IpakThuecku Bce M3MEpEHHUsT OOpa3IOB BBIMOJIHSIMCh B T€OMETPUU «HA
oTpaxkeHue» (puc.2.3). JlaHHas TreoMeTpusi paccesHus 00JIalaeT PsIoM
MPEUMYIIECTB: KCIOIb30BAHNE MHUKPOOOBEKTHBA TO3BOJISIET BBIOPATh y4acCTOK
oOpasiua 0e3 napanuH ¥ NbUIMHOK; MPU MaJI€HUH BO30YXKIAIOLIET0 U3ITyYEHUsl Ha
oOpaser oI yrioM OTPaKEHHBIN CBET HE MOMagaeT B MPUOOP; MCTOIb30BaHue P-
MOJISIPU30BAHHOTO  CBETAa  YBEJIMYMBAET  IMPOHMKHOBEHHE  U3JIyYEHUS B

HCHpOBp&‘IHBIﬁ o6pa36u 1 TEM CaMbIM YBCIHMYHMBACT HHTCHCUBHOCTDL CHUI'HAJIA.

Puc.2.3 Onrtuyeckas cxema perucrpanus

criektpoB KPC B reomerpun «Ha oTpaxeHue». 1

BO30YKIaloliee Jia3epHOe H3IIydeHHe;2 —

paccesHHOe u3Iy4YeHue;3 —  3epkaio; 4 —
OOBEKTUB MHKPOCKOIA; 5 — UCCIeayeMbIii
oOpaserl.

2.2. Tepmoctoamk THMSG600.

B TtemmeparypHBIX OJKCIIEpUMEHTaX OB  HCIOJIB30BaH TEPMOCTOJIUK
THMSG600, nnsi uccileqoBaHMM TeO0JOTHMUECKHUX 00pasiloB, IPOU3BOJICTBA
“Linkam” (Aurnus). Ero BHemHui Buj npeacTaBiieH Ha puc. 2.4. TemnepaTypHoe
BO3JICMCTBUE Ha o0Opasell OCYIIECTBISIETCS MapamMu a30Ta, 4To obecredyuBaeT
CcTa0uJIbHOE W PaBHOMEPHOE HarpeBaHue/oxJaxjaeHue. Mmeercs BO3MOXKHOCTH

nepeMeniaTh o0pasell B TOPU30HTATBHON TIOCKOCTH. J[J1 paboThl ¢ MUKPOCKOIIOM
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ucrnosb3yercst S0x o0BeKTHB ¢ paboynm paccTossHreM He MeHbine 4.5 mMm. Ectb
crienuaabHasl CUcTeMa 00/yBa ONTUYECKOTO OKOIIKA, KOTOPasi MPEMSITCTBYET €ro
3al0TeBAaHUIO, W TPEJOXpaHseT OOBEKTUB MHUKPOCKOINA OT TEeMIepaTypHOTro

BO31EUCTBUs. TeXHUUECKNE XapaKTEPUCTUKHA TEPMOCTOIIMKA:

. Temnepatypnsiii 1uanaszon ot -196 qo 600 °C

. Cxopoctb Harpesa 10 130 °C/mMun

. CrabunsHOCTh Temmeparypsl < 0.1 °C

. O6macth nmepemenieHust oopasima mo ocsim XY - 16 x 16 Mmm

. HuameTp o6iactu pacnoioxkeHus: oopasua 22 MM

. ['epmernunas kamepa 115 oOpasia

. Cencop Temneparypsl Ha 6a3e miatuHOBOTO pesuctopa (100 om)

. CgeroBas aneptypa 1.3 MM

. TepmoaeMEHT BBIMOIHEH U3 cepedpa JUisl MOBBIIIEHUS TEMIONPOBOIHOCTH
. Pabouee paccrostaue nmuu3 o0bekTrBa OT 0.1 10 4.5 MM

. MuHIMalTbHOE PACCTOSIHUE JTMH3BI KOHAEHcopa 12.5 Mmm

. Nmeercst cuctema BOJSHOTO OXJIQXACHUS CTOJIMKA MPU TEMIlepaTypax
cibiie 300 °C

. ["aGaputsl cronuka 137 x 92 x 22 mm

Cucrema ynpaBisieTcsi C MOMOUIBI0 KOMITbIOTEPA HA OCHOBE IIPOrPAMMHOTO
obecneyenus Linksys32. Ontuueckue n300pakeHus C KaMepbl, yCTAaHOBJICHHON Ha
MHUKPOCKOIIE MOXKHO OTOOpa3WTh Ha KOMITHIOTEPE C IMOMOIIBIO MPOTPAMMHOIO

nakerta Linksys32.
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Puc. 2.4. O6opynoBaHue JUist TEeMIEPATYpPHBIX U3MEpEeHUi. | — OJI0K mUTaHus, 2 — KpuocTaT, 3 —

CEHCOpHas MaHelb yHpaBlieHus, 4 — TeMmIepaTypHas MPHUCTaBKa JJs pa3MelIeHHs 0OpaslioB

DSC600

Jluaza oObekTHBAa OTACNEHa OT o0paslla CTEKISHHBIM  OKOIIKOM,
HaXOASAIMMCA Ha (PUKCUPOBAHHOM pPACCTOSHUM OT HarpeBaTenbHOTO /
oxyaxaaromero snemernta. B DSC600 paccrosiuue paBHo 6,4 MM (puc.2.5).
HwxHue nuH3bI OTHENEHBI OT 00pa3ila OKOIKOM M MacCHBOM HarpeBaTelbHOTO /

oxyaxkaarotiero anementa. B DSC600 sto pacctosiHue coctasiset 12,7 M.
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Puc. 2.5. Cxema pacnionoxeHus: 00beKTHBa U 00pa3lia ¢ yKazaHHEM PacCTOSHUH.
2.3. Uccaneayemblie 00pa3ubl.

HccnenoBaanch HAHOCTPYKTYPbI M3rOTOBJICHHBIC Ha OCHOBE
MOJYNPOBOAHUKOB  A,Bg  (HAHOMPOBOJIOKHU, TIOJTYYEHHBIC AIUTAKCHUAIBHBIM
meronoM ZnSe, ZnTe, ZnO, ZnMnTe, ZnMgTe, smpo/obonouka ZnTe/ZnSe,
KBAHTOBBIE TOYKH, MOJTYyUYEHHbIE MeToAaMu KoJumouaHou xumuu CdSSe), a takxke
aJIMa30moI00HBIC CTPYKTYpHI (HaHoanMa3zbl 300 HM, aTMa30nmo00HbIE MACCUBHBIE

TTOJIJIOKKH ).

2.3.1. MoaympoBoauuku A,;B¢: (usuyeckue cBOWCTBA, JIOMHHECHEHIUS

Ctpykrypa u ¢pusznueckue cBoiictBa A,Bg.

K rpymnne nomynpoBOJHUKOBBIX coequHeHU A,Bg OTHOCSTCS coenuHEHUs
BTOpO#l W miecToi rpynn tabiunsl Menneneea: CdS, CdSe, ZnS, ZnSe, ZnTe,
CdTe, ZnO. [lanHbie coequHEeHUs 00JIaal0T, KaK MPaBUI0, HOHHO-KOBAJICHTHON
CBSI3bI0 MEXKJy aTOMaMH, TaK KaK MEXKATOMHBIE CBSI3U OCYIIECTBIISIOTCS sp3
AIIEKTPOHAMHU, a PA3HOCTH DJIEKTPOOTPUIIATEILHOCTEH aTOMOB KOMIIOHEHTOB Jal0T

JOJIIO MOHHOM KOMIOHEHTHI CBSI3H.

IlepBble TpU COEOMHEHMS KPUCTAIU3YIOTCS MPEUMYLIECTBEHHO B PELIETKH

4
Tunma Broopuuta (mpoctpaHcTBeHHas rpynmna C'g, (P6s;mc), rexcaroHagbHas
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miotHoymakoBanHas ['Il), a ocranmpHble B pemieTku THma cdanepura, puc. 2.6

(mpocTpaHcTBeHHas Tpymma T7y (F43m), rpanerienTpuposannas kyouueckas LK)
[13].

Pemerka nuHkoBO# 0OMaHKkH (canepura) MojydaeTcss U3 PeLEeTKH aaMasa,
€CJIM CUMTATh 4TO B y3iax sneMeHTapHou sueiiku d; = (000) u d, = (a/4) (1, 1, 1)
HaxoJATCA pasHbele aToMbl. HeT neHTpa MHBEpCUH, BCIECICTBHE YETO BOJIHOBBIC
(YHKIIMM HE XapaKTEPU3YHOTCS ONPEIEIEHHOM 4eTHOCThIO. OCHOBHBIE BEKTOPbI
npsiMON W 0OpaTHOM pelieToK U 30Hbl bpuiuiiosHa Te ke, 4To W IS PElIeTKU

ajiMasa.

/%*(

®Zn OS Puc. 2.6. CTpyKTypa IIMHKOBOI 0OMaHKH.

PacnonokeHne atoMoOB B CTPYKTypE BIOpLHMTA IOKa3aHO Ha puc. 2.7. B
DJIIEMEHTApHOM siueliKe 4YeThlpe aroma. PemeTrky MOKHO paccMaTpuBaTh Kak JIBE
B3aMMOINPOHUKAIONINE  [EKCArOHAJIbHbIE  pEIIETKH.  PaccrosHue  Mexay
HKBUBAJICHTHBIMU CJOSMU BJIOJIb I€KCAarOHaJbHOW OCH PaBHO C, a PacCTOSIHHUE
MEX/ly HOHAMH B INIOCKOCTH, HOPMAaJIbHOM K 3TOM ocH paBHO a. Bce noHBI HMEIOT

TETPadIPUIYECKYI0 KOOPIUHALIUIO.

Puc. 2.7. Ctpyktypa Bropumra.
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N3mepeHnst npoOBOJMMOCTH YMCTBIX COEOUHEHMU A;Bg ITOKa3bIBaIOT, 4TO
Cynb(GUIbl M CENCHUIbl IIMHKA, KaaMUS MPH JIOOBIX YCIOBHUSX H3TOTOBJICHUS
00J1a/1a10T TOJIBKO 3JIEKTPOHHOM 3JIEKTPOIPOBOAHOCTHIO. Temnypua HuHKa Beerna
o0Jnanaer AbIPOYHON 3IEKTPONPOBOAHOCTHIO, a TEIUTYPHUAbI KaAMHUS U PTYTH MOTYT
OBITh MOJIYYEHBI KaK N-, TaK U p-TUIIA, B 3aBUCUMOCTU OT YCJIOBUH M3TOTOBJICHUS.
Creuu(puyHOCTE  CBOMCTB  IOJIYIPOBOJAHMUKOBBIX  MaTepualoB  00yCIOBHIIA
HIMPOKOE TEXHUYECKOE NPUMEHEHHME UX ISl U3TOTOBJICHUs CaMbIX DPa3JIMYHBIX
HOJIyIPOBOJIHUKOBBIX MNPHUOOPOB: TMOJYIPOBOAHUKOBBIX JUOJIOB, TPAH3UCTOPOB,
TUPUCTOPOB, dboToan010B, (GOTOTPaH3UCTOPOB, CBETOAMO/OB,
MOJTyTIPOBOJITHUKOBBIX JIa3epoB, (POTO-, TEPMO- U MarHUTOPE3UCTOPOB JATUHUKOB

JABJICHUM, MAarHUTHBIX ITOJIEN, TEMIIEPATYPBI, U3IIYYECHHUU U JIp.

Ha puc. 2.8 npeacraBiieHO cpaBHEHHUE YPOBHEH 3JIEKTPOHHON 3HEPruu s

Pa3IUYHBIX TOTYIPOBOAHUKOB [14].

-2
|| iy
.3 ] i - B
E ___. [=or ] ___
[ ]
G 5- | - || —
> | b —
g o | ol [
w ol | |
HJ -
AR EE R EEEEER R A
- @ L EREGFILEOGGONNN

Puc. 2.8. CpaBHeHHE YPOBHEM 3JIEKTPOHHOMN SHEPTHUU JJIsl HOJTYIPOBOAHUKOB A3Bs 1 A,Bg.
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ZnSe.

ZnSe  SBISETCS  IIHMPOKO30HHBIM  IIOJYIPOBOJHHUKOM C  IIHPUHOU
3alpelieHHON 30HBI NP KOMHAaTHOM Temmeparype E, = 2. 68 eV B o0beMHOM
nosynpoBogHuKe. OH HCIONB3YETCsl MPH CO3JAaHUU CBETOAMOAOB C TONYOBIM U
3eJeHbIM ~ cBedueHHeM. Hawmbonee  pacnpoCcTpaHEHHOW — KpHCTaJUIMYECKOU
MoubuKanuei snsiercs cdaneput (mpocTpancTBenHas rpynna F43m(T,%)). ZnSe
COIEPXKUT JBa aTOMa B DJIEMEHTAPHOM SYEHKEe, €ro CIEKTp COCTOUT Hu3 6
KOJIEOATENbHBIX MOJ — TpPeX AaKyCTHUECKMX W TpeX ONTHYECKHX. T.K. ero
JIIEMEHTapHass sA4yeiika oOjamaer KyOMYeCcKOW CHMMETpHUEH, ONTHYECKHE
KoneOaHusi NPEICTaBISIIOT CcOOOW  TpWXKIbl BbIpoxkaeHHoe F,, kortopoe

pacmeruisiercst Ha LO u TO — oHOHHBIE MOJBI.
ZnTe.

ZnTe sBIsieTCd TONYNPOBOAHUKOM A,Bg ¢ MUPUHON 3ampenieHHOW 30HbI
E,=2.25 5B mnpu xomHaTHOM Temmeparype. Hambonee pacnpocTpaHeHHON
KPUCTAJUTMUECKOW MOAM(UKANKMEH SBISIETCS CPalepuT C YETHIPbMS aTOMaMH B

. . 2
AJIEMEHTApHOM siuelike (mpocTpancTBeHHas rpynmna Ty - F43m). IIpu HEKOTOpBIX
4
yCIIOBUSIX 00pa3yeTcsi BIOPHUT (MpOCTpaHCTBeHHas rpymma cummerpun Cq, —
P6;mc) u kyOuueckas ¢a3a BBICOKOTO AaBi€HHUS (IIPOCTPAHCTBEHHAs TpyIINa
1 . .
cummerpun O — Pm3m). ZnTe copepkut nBa aroMa B 3JIEMEHTAPHOM SYEHKE,
€ro CIIEKTP COCTOWT M3 6 KojeOaTeTbHBIX MOJ — TPEX aKyCTHYECKHUX U TpPeX
ontuyeckux. T.K. ero sjeMeHTapHas sueiika o0yaaeT KyOU4eCKO CUMMETpHUEH,
OTNITHYECKHUE KOJIeOaHUs MPEICTABISIOT COO0M TPMX bl BeIpokaeHHOE F,, KoTOpoe

pacmeruisiercst Ha LO u TO — oHOHHBIE MOBI.
Zn0.

Okucp mmHka ZnO  gBigercs  NPSAMO30HHBIM  HIMPOKO30HHBIM
noxynpoBogHukoM (E,= 3.37 5B nmpum T= 300 K) muma II-VI. ZnO
KPUCTAJIM3YETCS B BUJAE I'€KCArOHAJIbHOM CTPYKTYpbl BIOPLUTHOIrO THma. Poct

KpPUCTAJUIOB MPOUCXOAUT Mo ocu ¢ [15]. Tak kak snmeMeHTapHas suerika ZnO
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COJICP)KUT YEThIpE aTOMa, TO B €r0 CIIEKTPE MMEETCs ABEHAALATh KOueOaTeIbHbBIX
MOJ: TpPU AaKyCTUUeCKUX (OJIHa MPOJOJIbHAsE M JBE IMONEPEYHbIX) U JIEBSTH
ontuueckux. Jlucnepcusi ontuyeckux (oHOHOB B I'-Touke 30HBI bpuiniosHa
npejacTaBiieHa ontuueckumu moaamu 2E,+ 2E+ 2A+ 2B,. Moasl E|, E; u A
aKTUBHBl B KOMOWHAIIMOHHOM paccesitHuu cBeta. Monael E; u A; akTuBHBI B
nH(pakpacHOl crieKTpockonuu, B;— «monuaiue Moael». Ontuueckue Ei- u A-
MOJBl  pacIICIUIAOTCA B |-TOYKE HAa MONEPEYHYHD U IPOJOJIBHYIO
MAaKpOCKONIMYECKUM KPUCTAIUIMYECKUM moJieM. Pacmieruienne mexnay E;- m Aj-
MOJaM{ BbI3BaHO aHu3oTporued kpuctamia ZnO. Tak, konebanus A
napajyiebHbl KpUcTauiorpadguueckod ocu ¢, a E; - TepneHAuKyISIpHBI eH.
Henonsipabie ontuueckrne Mojibl ¢ cummerpueit E, umerot nse yactotel: E, (high)
u E, (low). E, (low) cBsi3ana ¢ konebaHusMu TsKeNIon moapemetku Zn, a E, (high)
— ¢ KoJiebaHusiMU HMOHOB Kuciopoja [16, 17]. Bce npuBegeHHbIE BBIIIE MOJIBI
nposiBiisiich B cnekTpax KPC oObemubIX KpuctamioB ZnO [16]. 3akoH
JTUCTIEPCUH ONTHYECKUX M aKyCTHYECKUX MOJ B KpucTamuiax ZnO ObLI UCCIeI0BaH
DKCHEPUMEHTAIIBHO METOJAM PACCESHUS MEJICHHBIX HEUTPOHOB B OCHOBHBIX
HaIlpaBJIEHUSAX BBICOKOW cummeTpun kpuctaia [17, 18]. Tam xe npuBeneHsl
TeopeTudyeckue pacderbl. OKUCh LIMHKA SBISETCA MHTEPECHBIM MaTEpPUAJIOM JIs
UCCJIEIOBAHUM M TIPAKTUYECKUX MPUMEHEHUM Oyiarogaps MIMPOKON 3arpenieHHOn
30H¢ W OONBIIONW SHEPTHH CBS3M DKCUTOHA TMPH KOMHATHOW Temriepatype (60
meV). B KOHTEKCTE MPaKTUYECKUX MPUMEHEHUN YUYUTBIBAECTCA TAKXKE U TO, YTO
ZnO Oomnee nemieBbld MaTepuall Mo cpaBHeHuUIo ¢ mupoko3oHHbIMU GaN, InGaN.
Hanoctpyktypel Ha ocHOoBe ZnO MIHMPOKO HCHOJB3YIOTCS Uil  CO3JaHUs
AIIEKTPOHHBIX MNPHUOOPOB (CBETOAMOAOB M JIA3€PHBIX JUOJIOB) Ha TrOIyOyl0 u
yIbTPapuOIETOBYI0 00JACTh CIEKTpPa, MPO3pauyHbIX (UIBTPOB AJS 3alIUTHl OT
yIbTPa(HOIETOBOTO M3MYyUYEHHUSI, Ta30BbIX CEHCOPOB M JIaK€ B CHUHTPOHHBIX
npubopax. Ha ocHoBe rerepomnepexonoB ZnTe/ZnO co3galoTcsi COJIHEUHBIC
Oarapen. bonbinoe 3HaueHne umeet ToT GakT, 4TO HeIerupoBaHHbil ZnTe nmeer
p-tun, a ZnO — n-TUN NPOBOAUMOCTU. BecbMa MEpCNEKTUBHBIM SIBISETCS

HCIIOJIB30BAHUC ITOBCPXHOCTHBIX OIITHUICCKHUX MO/ IS 06H3py>KCHI/I$I HpHMeCCﬁ Ha
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NOBEPXHOCTH HAHOOOBEKTOB. I[lpu yMeHbIIeHMH pa3MepoB 10 o00xacTu
HAHOMETPOB 3JIEKTPUUYECKUE U MEXAHUYECKHE CBOMCTBA CUIIbHO U3MEHSIOTCS U3-32
OOJBIIOr0 OTHOILIEHUS TOBEPXHOCTH K 00bemy. K BakHBIM KoJieOaTelbHbIM
CBOICTBAM HAHOCTPYKTYpP OTHOCHUTCSI BIUSHHUE TIOBEPXHOCTHBIX ONTHYECKHX
dbononoB (SOP) wu wuHTepdelicHpix ontudeckux ¢oHoHoB (IOP), ecnu
HAHOCTPYKTYpPbI MOTPYKEHbI B TBEpAYyI0 MaTpuily. [loBepXHOCTHBIE MOJBI ObLIU
oOHapyXeHbl Ha MOBEPXHOCTH UWIMHApPHUYECKHX HaHoyacTull ZnO B cHekTpax
KPC [19] wu cnmekrpax d¢oTomomuHeceniiuu 1mieHok ZnO [20]. B
Ha”omnpoBojokax (HII) GaP mnoBepxHocTHble (OHOHBI OBUTM OOHApPYKEHBI B
CHEKTpax KOMOMHAIIMOHHOTO paccesiHus cBeTa [21]. UHTepdeiicHble onTHUecKue
dbononbl HaOmogamuch B UK-criekTpax oTpakeHusi ¥ MPOIYCKaHUs B KOJUTOUHBIX
kBaHTOBBIX Toukax CdTe wu sapo-obomouka CdTe/CdSe [22], a Takxke B

HaHonpoBosiokax ZnTe/ZnMgTe [23].

[Tomayto wHbOpMaIrio 00 onTHYecKuX (OHOHAX IAIOT M3MEPEHUS KakK B

HEPE30HAHCHBIX, TAK U B PE30HAHCHBIX YCIOBUSX.
JIroMUHeCUeHI U MOJYIIPOBOAHUKOB A;Bg.

CTpyKTypbl Ha OCHOBE IMOJYIIPOBOJIHUKOB A,B¢ SBISIOTCA MEPCIEKTUBHBIM
MaTEpUajIoM Ul HCIIOJIb30BAHMUS B PA3IUYHBIX ONTOINEKTPOHHBIX MpUOOpax.
[[lupokoe wucmosib30BaHUE coeauHeHUN A,Bg 00yCIOBIEHO Kak BBICOKOU
2 (HEKTUBHOCTHIO ONTUYECKUX IMPOIIECCOB B ITHX MaTepuajiax, Tak U OOJbIITUM
Uana30HOM HM3MEHEHUs MX CBOMCTB. CHeKTpajbHbIE BO3MOYKHOCTH, OOJbILas
BEPOSTHOCTH U3JIy4aTEIbHBIX NIEPEXOI0B U OTHOCUTEIBHO XOPOIIasl TOABUKHOCTD
HOCHUTEJIEH TOKA IIHPOKO30HHBIX IOJYIIPOBOAHUKOB A;B¢ SBISUINCH OCHOBOM IS
JNAIbHEMIIETO IPAKTUYECKOTO IPUMEHEHUs 3TUX coeauHeHuid. CoenuHeHus Ha
OCHOBE IMOJIYITPOBOJHUKOB A2B6 TpaaulMOHHBIA JTIOMUHECLIEHTHBIA MaTepuai ¢
LIMPOKON 3amlpelleHHoN 30HOM. IIIMpuHBI 3aIpeIleHHbIX 30H pacCMaTpUBAEMBbIX
HaMU COEIUHEHUN U UX TBEPHABIX PAaCTBOPOB COOTBETCTBYIOT IIOJHOMY CIIEKTPY
BUJMMOTO CBETa U YACTUYHO — YJIbTpaduonaeToBoro [24]. 310 NpUHIMIIHAIBEHO

IMO3BOJIIET HCIIOJIB30BATh HMX B Ka4€CTBC OCHOBLI IIOJYIIPOBOJHHKOBLIX
36



UCTOYHUKOB U TMPHEMHHUKOB BUAMMOIO U yinbTpaduoseroBoro cseta. He menee
BaXXHO U TO, YTO B KpucTawodpochopax, IPUrOTOBICHHBIX U3 3TUX COCIUHEHHH,
BEJIMKA BEPOSITHOCTh M3JIy4aTelIbHbIX 3JIEKTPOHHBIX MEPEX0JI0B; 0aroaaps 3TOMy
OHM JaBHO HUCHOJB3YIOTCS  Kak  d¢¢exktuBHble  (POTO-, KaTomo- U
AIEKTPOTIOMUHODOPHI  (HampUMep, KBAHTOBBIM BBIXOJA (POTONIOMUHECHEHIUN
Xopouux JIoMUHOGOPOB Ha 0cHOBE ZnS 01130k K 100%). IT0 BBI3BAHO OOJIBIIION
rIyOMHON YPOBHEW WEHTPOB JIOMUHECICHIIMA W CBS3aHHOM C 3THUM MaJoi
BEPOSITHOCTHIO pa3MEHa »HHEPruM BO30YXKJIECHHMS Ha TEIUJIOBblEe KoJieOaHUs
KPUCTAJUIMYECKOW  pEIIeTKH, TaK KakK Takoil  pa3MEH  COOTBETCTBYET
OJTHOBPEMEHHOMY OOpa30BaHMIO JECATKOB (OHOHOB. OmHaKo eme OoJbIne
BO3MOXXHOCTH JUJI1 CO3/1aHMS MCTOYHUKOB W TPUEMHUKOB BHUAUMOIO U
yIbTPapUOIECTOBOIO CBETa OTKPHIBAET HanboJiee BaKHOE COOCTBEHHOE CBOMCTBO
HIMPOKO30HHBIX MOJYIPOBOAHUKOB A,;Bg, a UIMEHHO, HAIMYKME Y HUX <IIPSIMBIX»
30H, T. €. COBNAJEHUE B MPOCTPAHCTBE KBA3MUMITYJIbCOB MAaKCMMyMa BAJICHTHOMU
30HBI 1 MHUHHUMYMa 30HBI MPOBOAUMOCTU [24]. DT0 00YyCIOBIMBAET BBICOKYIO
3G (HEKTUBHOCT, MEXK30HHOM H3Ty4yaTeIbHOM pEKOMOWMHALIMU BJIEKTPOHOB U
JBIPOK, a TaKK€ TE€HEpalWU 3JIEKTPOHHO-IBIPOYHBIX Map MpHU MOTJIOLIEHUU
KOPOTKOBOJIHOBOT'O CBETa. B MONYNPOBOJHUKOBBIX JIa3€pax HaJW4YUE TaKUX
«MPSAMBIX» 30H, KakK M3BECTHO, HEOOXOJUMO MpUHIUIHKAILHO. braronaps
CIOCOOHOCTH K O0pa30BaHUIO TBEPJBIX PACTBOPOB COeMMHEHUU A;Bg BO3MOKHO
U3MEHATh B OOJIBIIMX Tpe/iesiaX MIMPUHY 3alpelleHHON 30HbI, MEHSIS TEM CaMbIM
CHEKTP PEKOMOMHAIMOHHOTO M3Iy4eHHs] W (POTOUYBCTBUTEIBHOCTh. WTak,
MOJYIIPOBOJHUKOBBIE MaTepHaibl HA OCHOBE IIMPOKO30HHBIX COECIMUEHHUN A,Bg
y’K€ HallUTK MMPUMEHEHHE B TPpUOOpaxX ONMTOANEKTPOHUKH, aKyCTOAIEKTPOHUKHU U B
JETEKTOpaxX MOHU3UPYIOIIEro M3dy4deHus. Pa3BUTHME TEXHOJOTMU MO3BOJMUT HE
TOJIBKO YJIYYIIUTh XapaKTEPUCTUKU MPUOOPOB, HO U BBHIIBUTH HOBBIE CBOMCTBA

9TUX MATCPpHAIOB, MHTCPCCHLBIC JIA ITPAKTHYCCKOT'O UCIIOJIb30BaAHMS.

Kak yxe oTMedeHO BbIlle, MOJYIPOBOJHUKOBBIE Marepuanbl A;Bg

Onmarogaps MX MIMPOKON MPSMOM 3allpelieHHON 30HE, O0JbIIOMY KO3PPUIIUEHTY
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ONTUYECKOr0 MOTJIOEHUS U UX OTHOCUTEIBHO BBICOKOW MOJBUKHOCTH HOCHUTEJIEH
3apsAa  JeJaloT MX OOCIIAIONIMMH  KaHAMJATaMU s  HUCIOJB30BaHUS B
AIIEKTPOHHBIX U ONTO3JEKTPOHHBIX MPUOOpPax, 0COOEHHO ISl (POTOBOJILTAUYECKHUX
npuMmeHenuidi. HoBoe HampaBieHune B (POTOBOJBTAaMKE BO3HUKIO Ojaromaps
UCIIOJIb30BAaHUIO CTPYKTYP C MCIIOJIB30BaHUEM IOIYNPOBOJIHUKOB Ha OCHOBE A,Bg
MOHMKEHHOW Pa3MEpPHOCTU (HAHOMPOBOJIOKH, HAHOCTPYKTYpbl). MHOXKECTBO
paboT B TmoOcieqHEe BpeMs IMOCBSIICHO MCCIEAOBAHUIO HAHOMPOBOJOK Kak
AJIEMEHTOB JUISl PA3JIMYHbIX MPAKTUYECKUX MPUMEHEHUN (B DIIEKTPOHUKE,

OMOJIOrNYECKUX UCCIIETOBAHUSIX ).
2.3.2. M3roToBjieHHEe HAHONMPOBOJIOK (A,Bg).

HanonpoBoioku Ha OCHOBE MOJIYNIPOBOAHUKOB A,B¢ (ZnSe, ZnTe, ZnMnTe,
ZnMgTe, ZnO) O6buM BBIpalieHbl MOAU(PUIIUPOBAHHBIM METOJIOM MOJEKYJISPHO-
aydyeBoi snutakcuu (momnoxku GaAs, Si) mpu T = 400-500 C [25]. ITapameTtpsl
MOJIYIIPOBOJHUKOBBIX ~CTPYKTYp, COJIEpPX AIIMX HAHOIPOBOJIOKH, 3aBUCAT OT
YCIOBUM PpPOCTA: BPEMEHHU, TEMIEPATyphbl, TOJIIMHBI CJIOA KaTaJIM3aTopa,
OpUeHTaIMu MoJI0KKu (puc.2.9). Ilepen pocToM HAHOMPOBOJOK HA MOJJIOXKKY C
MIOMOIIBID TEPMUYECKOIO HCHApEeHUsl Ocaxkaaincsa TOHKUM cio Au. Ilpum
HarpeBaHuM Au coOMpaeTcss B Kallld, KOTOPBIE CIy)KaT KaTaliu3aToOpaMHu |
HEHTpaMU POCTa HAHOMPOBOJOK. ['a3odazHblil MOMYMPOBOJHUK OCENAET Ha
Kaneiabke Au M pacTBOpsieTcs B Hel. Eciam KOHUEHTpauus pacTBOPEHHOIO
MOJYNPOBOJHUKA  CTAHOBUTCS  MAKCHUMaJbHOM, a MPOLECC  DNUTAKCHU
OpoJoJDKAaeTCa, TO  MEXIy  Kamed W MOJUIOKKOW  oOpa3yrorcs
3aKpUCTAJUIM30BABIIMECA  CIIOM. B pe3ynbrare  HAaHONPOBOJIOKA U3
MOJIYNPOBOJHUKA PACTET, MPUIIOJHUMAS YacTUIly Au Bce Bhoiiie (puc. 2.9). Ilpu
TOM JUAaMETP HAHOMNPOJOKHU ONPENEIAETCS Pa3MEPOM YACTUIBI Au (TOJNILIWHOW

clios Au).
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oriented GaAs substrates [100]-(a), [110]-(b), [111]-(c)

Puc. 2.9. Cxema pocta HAHOIIPOBOJIOKH.

[Ipu uccrnenoBanuM Ha MPOCBEYHBAIOIIEM JIEKTPOHHOM MHUKPOCKOIE SICHO
BUJIHBI oOoraiieHHble Au nojycepuyeckre Karid Ha KOHYMKE HAHOIPOBOJIOK
[26]. Ux muameTp mpuOJMU3UTEIHHO PABEH AUAMETPY HAHOMPOBOJIOK (puc. 2.10).
JInss  HaHOHPOBOJOK  ZnSe  pe3yiapTaTbl  MCCIEAOBAHMM  CTPYKTYp  Ha
MPOCBEUMBAIOLIEM M CKAaHUPYIOLIEM JJIEKTPOHHBIX MHUKPOCKOIAX IOKa3bIBAIOT,
YTO JIJIMHA MPSIMOJIMHEWHOr0 y4acTKa HAHOIMPOBOJOK cocTaBisieT mpumepHo 200
nm. Cpennsiss BbICOTa HaJ MOBEPXHOCThIO MOMIokKKA GaAs ~ 100 nm. uametp

HaHOMPOBOJIOK MPU BPEMEHHU pocTa 5 min Haxoauics B npeaenax 10 — 30 nm.

Puc. 2.10. SEM o0pasios,

COJIeprKalIuX HaHONPOBOJIOKHU ZnSe
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2.3.3. Anma3on0100HbIe CTPYKTYPBbI.
CtpykTypa 1 (pu3nyYecKre CBOMCTBA.

Kax u3BectHO, yrieposa o0igagacT MHOXKECTBOM JNIOTPONHBIX COSAMHEHUI
(amma3, rpadut, ¢ymiepeH, kapOWH...), OTIMYAIOUIUXCS BHEIIHUM BHJIOM,
QHU3MYECKHIMH U XMMUYECKHMH CBOHCTBAMH. ATOMBI YIIIEpOaa, HAXOMICh B SP -
TUOPUTHOM COCTOSIHMM, MOTYT 0Opa30oBBIBATH APYT C JIPYrOM TETPa’ApUUYECKUe
CBS3MW, JaBasi CTPYKTYpy ajiMa3HOro Tumna. Bce paccTosiHuST MexXAy aTroMaMu

(0,1544 um) u yriel mexay cBsazsimu (109,5 °) oqunakoBsl [27].

Puc. 2.11. Ctpykrypa anma3sa.

Tak kak QJICMCHTapHasA sSYeMKa aiaMasa COACPIKHUT IOBa aTromMa, TO B €TI0
CIICKTpPEC HMCCTCA IICCTh KoJie0aTeIbHBIX MO/J: TpH AKYCTHYCCKHC W TPHIKAbI
BBIPOKJIACHHOC OITHYCCKOC KoJicOaHue FZg’ AKTHUBHOC B KOM6I/IH3HI/IOHHOM

paccessauu cBeta. Tunuuneiil criektp KPC mist anmasza npuBeneH Ha puc. 2.12.
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Puc. 2.12. Cnextp KPC anma3za.

Anma3s saBnsgercs mmpoko3oHHBIM (E, = 5.4 5B) momynmpoBOIHHMKOM C
MHO>KECTBOM JIFOMUHECIIEHTHBIX IIEHTPOB, CBA3AHHBIX C AehEKTaMH CTPYKTYpPHI U
HanuyueM npuMeceil. [lpumecu ONpenenstor SIEKTPUYECKUE U ONTHYECKHUE
cBoOiicTBa anMa3oB. JIloMuHecCHEHIMS aiMa30B 00JalaeT HIMPOKUM TUANa30HOM
U3JTy4YeHUs, BBICOKOM WHTEHCUBHOCTBIO, MOXET BO30YXKAaTbCsl pa3IUYHBIMU
JUIMHAMHM BOJIH M3JIydeHUs. B anma3e u3BECTHBI a30T-BaKAHCMOHHBIE LEHTPBI
JIOMHMHECIGHIMK  JIBYX TUNOB: (N—V)’—HelTpanbHblii LEHTP ¢ MaKCHMyMOM
oechononHol uHUU TIpu 575 nm; (N-V)™ — oTpuIiaTeIbHO 3apsyKEHHBIA LIEHTP
¢ MakcuMyMoM OecoHOHHOW smHMM Tpu 638 nm [27, 28]. VYka3aHHbIC
AIIEKTPOHHBIE MEPEXOAbl COMPOBOKAAIOTCS UCITycKaHueM (poHOHOB. B pesynbrare
CIIEKTp JIFOMHUHECHEHINA N—V-1IIeHTpa JEKUT B UHTEpBajie JIUH BOJH OT 550 10

800 nm.

UccnenoBanust (HOTOMOMUHECIIEHIIMU YTIEPOJHBIX HAHOCTPYKTYp, B TOM
YHUCJIe HAaHOAJIMA30B, B TIOCIIETHEE BpEMs MPUBJIEKAET OOJBIIOC BHUMAHUE KaK B
byHIaMEHTAIBHBIX HCCIEAOBAHUSAX TaK WU B TPAKTUYECKUX MPUITOKCHUSIX.
Hcnonb3ys yHUKaIbHbIE (PU3MKO-XMMUYECKUX CBOICTa, B TOM YHUCJIE ONTHYECKUE
CBOWCTBAa HAHOAJIMAa30B, UX MPUMEHSIOT JJII CO3/aHUS HAHO-MAapKEPOB, HAHO- U
CyOMHMKPOHHBIX HCTOYHHUKOB CBeTa M T.A. [6]. Anma3Hble LIEHTPhl CBEUYEHUS
ABJIIETCSl  CTAOWUIBbHBIMH,  (POTOCTOMKMMHM, C  OTHOCHUTEIBHO  BBICOKOMU
WHTEHCUBHOCTRIO W MOTYT BO30YXKIaThCSd PA3IMYHBIMUA  JIJTMHAMU  BOJIH

B036Y)KI[CHI/I}I. KpOMC TOro, IOBEPXHOCTHLIC CBOMCTBA HAHOAJIMA30B SIBJISIOTCS
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MOJXOAIIAMHA IS OMOCOBMECTUMOCTH W HE ITUTOTOKCHYHBI. HaHoanmmassl
00J1a1af0T CHIIBHOW (POTOFOMUHECIICHIINEH, KOTOpasi 0OyCIIOBICHA Je()eKTaMHu,
PUMECSIMH, pa3BUTON HIOBEPXHOCTBIO H APYTUMH [ICHTPaMH.
DOTOMIOMUHECIICHITUS MIPEACTABISICT coboit MIHPOKYIO, cmabo
CTPYKTYPHPOBAHHYIO TOJOCY W 3aBHCHUT OT pa3Mepa HAHOUYACTHI[ ajMasa.
®DoTOFOMUHECIICHIIMS ~ HAHOAJIMAa30B  OOYCJIOBJICHa C  OJHOM  CTOPOHBI,
BHYTPEHHUMH IIEHTPAMH JIFOMHHECIICHIIMU W C JAPYTrOd CTOPOHBI, HAJIMYHWEM Ha
MOBEPXHOCTH  KJIACTEpOB rpadura, KOTOpbIC MOIJIOMIAIOT  BO30YXkIaroliee
U3JIy4YCHUE U TIepeaaroT Bo30yKaeHrne B HaHoainMa3. Oba mpoiiecca mpucyTCTBYIOT

OJTHOBPEMEHHO U ONPEIEISIIOT (POPMY MOJIOCH TIOMUHECIICHIIMA HAaHOAIMA30B.
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I'naBa 3.

CHeKTpaJII)HI)Ie CBOMCTBA HAHOOBEKTOB HA OCHOBE

MOJIYIIPOBOAHUKOB A;Bg.

OnHoM U3 3aJ1a4 UCCIIEIOBAHUS SBISLNIOCH U3YUEHUE CIIEKTPAJIBHBIX CBOMCTB
Pa3IMYHBIX CTPYKTYp NOHWKEHHOM PAa3MEPHOCTH (HAHOMPOBOJOKH, KBAaHTOBBIE
TOYKH) Ha OCHOBE MOJYyNPOBOAHUKOB A;Bs. HanompoBosoku Ha OCHOBe
noynpoBogHUKOB [I-VI mpeacTaBisioT coboi Xopoumnidi 00bEKT JUIsl U3YYEHUS C
MOMOIIbI0 KOMOMHaNMOHHOTO paccesHust cBera (KPC) B cuily uMX J0OCTaTOYHO
XOpolleld Kpuctamuinuecko cTpykTypsbl. [lonnyio mHdopmanuio 06 onTuyeckux
(hOHOHAX MAIOT W3MEPEHHsI B PE30HAHCHBIX M HEPE30HAHCHBIX YCIOBHSX. 3amaya
COCTOsJIa B MCCJICOBAHUN HAHOCTPYKTYP PA3JIMYHBIX COCAUHECHHUM U Pa3MEPOB U
UCCJIEIOBAHUM OCOOEHHOCTEH B CHEKTpaxX MpH Mepexoie OT 00bEMHOU CTPYKTYpPbI
K CTPYKTYyp€ IIOHM)KEHHOW pPa3MEPHOCTH, BIHUSHUA POJIM IOBEPXHOCTH U
MPOLIEHTHOTO COOTHOIIEHUSI MaTEPUAJIOB B CIy4ae TBEPABIX PACTBOPOB, BIMSHUU
YCIIOBUI pe30HaHca, U3YYEHUU IPOLIECCOB MUTpaluu SHEPIUH
B3aUMOJECUCTBYIOIINX CTPYKTYp, TEMIIEPATypPHOM 3aBUCUMOCTH CBOMCTB. B
HACTOSILEH IJ1aBE MPEICTABICHBI PE3YJIbTAThl, BHIIIOIHEHHBIE ISl HAHOIPOBOJIOK,
MTOJYYEHHBIX SMUTAKCUAJIBbHBIM METOJIOM, a TAKKE KBAHTOBBIX TOUYEK, ITOITYUYEHHBIX
METOJIaMU KOJUIOWJIHOW XuMuH. VccrmemoBanuch HAHONPOBOJIOKHA PA3JIUYHOIO
cocraBa (ZnSe, ZnTe, ZnO, ZnMnTe, ZnMgTe) u xBantoBbie TOukM CdSSe.
[IpencraBmsio WHTEpPEC UCCIENOBAaTh (U3MUECKUE XAPAKTEPUCTHKU JAaHHBIX
00OBEKTOB, B TOM 4YHUCJE TEMIEpAaTypHble 3aBUCUMOCTH, OCOOBIM MHTEpec
NpEACTaBIsIA  ciydan pe3oHaHca nLO mojockl ¢ SHEpPruer 3IEKTPOHHOTO
Nepexo/ia BellecTBa MOJyIPOBOAHMKA. MeTtogaMyu KOMOUWHAIIMOHHOTO pacCesHUs
cBera U (OTOJIOMHUHECLICHIIMM, B TOM 4YHCJIE€ NpU HHU3KUX TeMIepaTrypax

UCCIIEIOBaHbl OCOOEGHHOCTH CIEKTpa JaHHBIX CTPYKTYp. Manou3y4ueHHbI
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MOBEPXHOCTHBIE KOJICOAHHsI CUCTEM MOHMXKEHHOU pa3MepHocTu. [lokazano 4to B
KBAHTOBBIX TOYKax pa3MepoM 1.9 HM B pe30HAHCHOM CIIEKTPe KOMOMHALMOHHOTO
paccestHUsl MPUCYTCTBYET OTIMYME (POPMBI M  CHEKTPAIBHOIO IOJOKEHUS
OCHOBHOW  konebOarenpHOM  momockl LO  ¢onona. Ilokazano  Takxke
nepepacnpeneneHie UHTEHCUBHOCTH LO-QOHOHHBIX IOBTOPEHUI BCIEACTBHE
3¢ dekTa pa3sMEPHOTrO KBaHTOBaHMs B 00pasliax, CoAep KaluX HAaHOIPOBOJOKHU Ha
OCHOBE TMOJIyIPOBOJIHUKOB A,B¢. Brnepsbie oOHapyxkeH uacToTHbI casur LO-
(OHOHHBIX MOBTOPeHUN OT 3HaueHUst nLO-(poHOHA pH MONMaaHUU UX B 00JIaCTh

qacCTOT KpaeBoﬁ JIOMHMHCCHOCHIINU.

3.1. CnekTpbl «ropsiueii» JIOMUHECHEHIIMA HAHONPOBOJIOK ZnSe, ZnTe, ZnO.

[Tpu moHM)eHUU pa3MEepHOCTH (HU3NIECKHE CBOMCTBA TOYITPOBOTHUKOBBIX
CTPYKTYp HM3MEHSIOTCS H3-32 OOJBIIOr0 OTHOIIEHUS MOBEPXHOCTH K 00bEMY,
abdexra pazMepHOro kBaHTOBaHUS U Jp. lIpu uccienoBaHWd HAHOCTPYKTYP
HEOOXOJMMO YYHUTHIBATh KBAHTOBBIN XapaKTep MPOUCXOMSINNUX B HUX SBICHUN. B
HAHOMNPOBOJIOKaxX A(P(GEeKTUBHAS I[IHPUHA 3alpPEIIeHHOM 30HbI YBEIUYUBAETCA
omaromapsi 3¢ddexTy pasMepHOro KBAHTOBAHHS OJJIIEKTPOHOB U JIBIPOK, HYTO
NpOsIBIISIETCS. B rojlyOoM clBUre KpaeBod (oromomuHecueHuu [29]. PazmepHoe
KBAaHTOBAHUE MPOSIBIISACTCS TAKKE B YBEIMUYEHUU SHEPTUU CBSI3M DKCUTOHA, KOTA
2 (HEKTUBHBIN panyc MPOBOJOKH CTAHOBHUTCS CPaBHUM C OOPOBCKHM PaIrlyCcoM
PKCUTOHa B oOBeMHOM Martepuasie (mpumepHo 4.5 nm) [30, 31]. Kak yxe
yKa3blBaJIOCh BbIlIe, B crnekTpax KPC TBeporo teia perucTpupyroTcsi 4acTOTHI
COOCTBEHHBIX KOJeOaHuii aroMoB. AHanu3upys mnoiydeHHble cnektpsl KPC
pa3iMyHbBIX 00pa3lloB MOXHO JIeJaTh BBIBOJBI 00 UX pa3Mmepe, COCTaBe,
OJIHOPOJTHOCTH, MEXaHUYECKOM HaIpPsHKEHUH, MPUCYTCTBYIOIIEM B HCCIIETYEMBIX

o0pasliax, a TaKke HAJIMYUU IPUMECEH U Tp.
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ZnTe.

N3mepens! cnektpsl KPC 1 mOMHHECHIEHIIMN TPU KOMHATHOM TeMIlepaType
HaHompoBoysiok ZnTe, Zn; Mn,Te, Zn, Mg, Te. HanonpoBonoku ZnTe u ux
TBEPIBbIC COCIAMHCHMSI, W3IIYYAIONINE B 3€JICHONW OO0JAacCTH CIEKTpa, SBISIOTCS
ynoOHbIM oOBbekTOM I Bo30yxkieHuss KPC  nazepom Ar-Kr'.  Bbumm

o + +
HCII0JIB30BaHbl BOCEMb JIMHHUU JIa3€pa Ar-Kr' c SHCPTUAMHU (I)OTOHOB B MHTCPBAJIC

2.18-2.72¢V.

Tunuuneiii Bua HepesoHancHoro crekrpa KPC ans kpucramna ZnTe (Ag -
6471A) npuBeneH Ha HWXKHEW dYactu puc. 3.1, Ha KOTOPOM HaOIIOIAIOTCA
XapaKTepHbIe MOJIOCHI Ha yacToTe 205 cM ' (IPOAOIBHOE ONTHYECKOE KONCGaHHe
LO) u Ha gactore 176 cm’ (momepevHoe, MBI BEIpOXAcHHOE Konebanue TO),
YTO COBIAQAAET CO CHpPaBOYHBIMU JaHHbIMU [32]. [lomoca 410 cm! gBnsgercs
CIIEKTPOM BTOPOTO TOps/Ka (B MPOIECCE PACCesHHs] YYacTBYIOT aBa (OHOHA).
OcoGennoctn B obmacti ot 100 mo 150 cM' XapakTepu3yroT KoieGaHHs
Kkpucraummueckoro Te, mpucyTcTByromero Ha oOpasmax. Ha ToMm ke pucyHke
NPUBEJICHBl CHEKTPbl I HaHONPOBOJOKH ZnTe, cHATbIE NOpH Pa3TUUYHBIX
BO30YXKIAIOMIMX JIMHUSAX Ja3epa (lIBe€ BepxHUE KpuBbie). Buano, 4uro mnpu
BO30OyXXawmie anuHe BoJHbI 6471A, 4YTO COOTBETCBYET HEPE30HAHCHOMY
CiTy4aro BO30YKICHHsI, Ha CIIEKTPE MPOSBISIOTCS b Konaebanus Te. [Ipu atom
uHTeHcUBHOCTh crniektpa KPC nHanonpoBosioku ZnTe siBasiercst cinaboid, Tak Kak
KOJIMYECTBO BEIIECTBA 3HAYUTEIBHO MEHbIIE, 4YEM TMpPU pPACCESIHUU B
moHokpucTtaiie. [loatomy cmexktp KPC mnpum panHOW BO30OYyXIaroImien JIMHE
BOJIHBI 3apukcupoBaTh He yaainoch. [Ipu Bo3Oyxmaromied jrHe BOIHBI S145A,
YTO COOTBETCTBYET PE30HAHCHOMY CIIy4ar0 BO30YXKICHUS, Ha CIIEKTpe
nposiBisitorcss konedbanust Te, a Taxke LO-GpoHOHHBIE MOBTOPEHHS Ha YacTOTE
IPOJI0JIBHOTO onTudeckoro ¢hoHona oowemMuoro ZnTe. Kak roBopuinocsh B riase 1,
B Cllydae MPEBBIIICHUS YHEPTUU BO30OYXKAaromiero minydenus E;, Ham mupuHON
3anpelieHHon 30Hbl nonynpoBoguuka Eg (E;, = 2.33, 2.41, 2.47, 2.497 eV),

9JICKTPOH, BBaHMOHeﬁCTBYﬂ C IpOAOJbHBIMHA OIITUYCCKUMU Cl)OHOHaMI/I, COBCpHIACT
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IEpEXonbl  MEXIY pEaJbHbIMA  30HHBIMM  COCTOSHMSIMH C  HEKOTOPOU
BEPOATHOCTHIO M3IIy4aTeIbHOW PEKOMOMHAIIMK MPHU KaXKIOM Ilare, B pe3yibTare

Ha CHEKTPE MOSIBJISIIOTCS OCTphIE SKBUAMCTaHTHBIE Uk mLO (puc. 3.1, 3.2, 3.3).

NW ZnTe ss5145A

4000

NW ZnTe «s6471A

2000 t
300 330 360 39Q cm
MC ZnTe =6471A
erauh S
00 200

0
1 300 400 cwt

Puc. 3.1 ConocraBnenue cnekrpoB KPC s obvemHoro ZnTe (HWXKHAS KpuBas) H
HaHonpoBojiok ZnTe, Bo3Oyxnaromme amuHbBl BOAH S5145A (BepxHss kpuBasi) u 6471A

(cpenHsist KpuBasi)

B nomonnenne k wHTEHCHBHBIM THKaM LO-(QOHOHHBIX MOBTOpEHWI Ha
CIIEKTpE TMPOSIBISIETCS IIMPOKas MOJIOCa KPAaeBOW JIFOMHUHECIICHIIUM, Ha KOTOPYIO
onn Hanaratorcs (puc. 3.2, 3.3). [Ipu u3mMeHeHUH SHEPruu BO30YKACHUSA LIEHTP
ATOM TOJIOCHI OCTAeTCS HEU3MEHHBIM, a JIMHUU (POHOHHBIX MOBTOPEHUI TBUKYTCS
CUHXPOHHO C BO30YyXKHaromieid. ITO XOpOIIO BUAHO Ha CBOJHOM Tpaduke s

miectu criektpoB KPC (puc. 3.3).
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Intensity, arb. units
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Puc.3.2. CrnekTpsl «ropsideii» JIOMHUHECUECHIIUY JIJI1 KBAHTOBBIX MPOBOJIOK ZnTe miis 1JIuH BOJIH

BOo30Oyxmaromiero ceera 530.9, 514.5, 501.7, 496.5 um

Intensity, arb. units
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Puc. 3.3. IHTEHCUBHOCTD CIIEKTPOB «TOPsiU€ii» JIIOMUHECIICHIIMU KBAaHTOBBIX MPOBOJIOK ZnTe B

3aBUCHMOCTHU OT SHCPIr'UH PACCCAHHOTO CBCTA MPH PA3JIMIHBIX SHCPIrUsaX BO36y)KI[€HI/ISI
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Korna xakoit 1160 nuk LO-QOHOHHOTO MOBTOPEHHUSI CTAHOBUTCS OJIM3KUM
[0 DHEPIHUHU C TOJOCON KpacBOW JIOMHHECLIECHLUH, MPOUCXOIUT YBEITUUYCHHE
MHTCHCUBHOCTU TMuKa. JIpyruMu ciloBaMHM B KBaHTOBBIX IpoBosiokax ZnTe
HaOJIFOIAeTCsl PE30HAHC 0 PACCESTHHOMY CBETY BOJIM3U dHEpreTHIecKon menu E.
Pesonanc mo paccesHHOMy cBeTy mo3BosgeT HaOmonate LO-doHOHHBIE

MOBTOPEHUS 110 AeBsiToro nopsaka npu 300 K.

ZnSe.

OKCIEpUMEHTAIbHO MCCJIEAOBAJIOCh PACCESHUE CBETa MPU KOMHATHOM
TEMIIepaType B CTPYKTypax ¢ HAHOMPOBoOJokaMu ZnSe. OnTuyeckoe BO30yKICHHUE
cozmaBanocs He-Cd nasepom ¢ sueprueii gortona E; = 2.8 eV (A = 441.6 nm),
MPEBBIIAIONICH IUPUHY 3anperieHHOW 30HBI ZnSe. B 1aHHOM ciydae Tak ke

JIOJKHO TIPOSIBISITHCS. MHOTO(OHOHHOE pacCessHuEe CBETa.

Hamn HCCIICA0BAHbI CTPYKTYPhI, B KOTOPBIX TOJIIHMHA CJI0A Au cocTapisia

2,10 m 100 A. Bpems u Temriepatrypa pocta CTPYKTyp HpuBeieHbl B Tabnuie 3.1.
Tabn. 3.1

Pexxumbl pocta CTpYKTYp C HAHOIIPOBOJIOKaMH ZnSe

N OO0pa3sisl TonmuHa Bpemsa pocrta | Temneparypa
IJICHKH Au CTPYKTYPHlI, pocta, C
min
1 2125W3 100 A 30 425
2 2125W2 100 A 60 400
3 14125W1 2A 5 400
4 14125W3 10 A 5 400
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Ha puc. 3.4 npencraBieHbl CHEKTPbl  BTOPUYHOTO  U3JIyYEHHS
AMUTAKCUAJIBHON IUIEHKM ZnSe TOoMmMHOM ~ 1 wm u o0pa3uoB, colepKaliux
HAHOIIPOBOJIOKK ZnSe pa3nuuHoil TommuHbl (00pasubl Ne2, 4, Tta6n.3.1) npu
BO30YyKaeHuM J1azepoM ¢ A = 441.6 nm. Kak BUIHO U3 pUCYHKA, y3kue nuku LO-
(OHOHHBIX MOBTOPEHUH (N = 5) pacmoyioKEeHbl Ha MIMPOKOM OCHOBAHUHU, KOTOPOE
IPEJCTaBISIET COOON KPUBYIO JIIOMUHECLIEHIIMM ¢ MakcuMyMoM 1ipu E = 2.68 eV
(11 SIMTAKCUAJIBHOM IUIEHKH), YTO COOTBETCTBYET IIMPUHE 3ANPEIICHHON 30HBI

o0bemMHOrO ZnSe.

intensity, a.u. — ZnSe NW, Au 10 A
— ZnSeNW, Au2 A
1LO — ZnSe film, >=441.6 nm
3LO

750+ 4011 —
]\ |

250

Puc. 3.4. ComocraBieHne CHEeKTpPOB BTOPUYHOTO H3IydeHHUs s ZnSe TUICHKH W 00pasIios,

coJIepXKaliiX HAHOMPOBOJIOKU ZnSe ¢ TONIIUHOM ciost katanu3atopa 2A u 10A.

Cnextpol cTpykTyp Nel u No2 (tabnuma 3.1) ¢ HaHOmpoBoOJIoOkamMu ZnSe, B
KOTOPBIX TOJIIMHA TIeHKH Au coctaBisuia 100 A, UACHTUYHBI CHIEKTPY IUICHKH.
DTO0, BEpOSATHO, CBSI3aHO C TEM, YTO B ATOM 00Opasiie Hapsay C HAHOIPOBOJIOKAU
IPUCYTCTBYET IJIEHKA ZnSe. DTO NpeaIoNoKEeHUE MOATBEPKIAECTC U3MEPEHUAMU
kodpounmenta UK otpaxkenuss crpyktypsl No2 B 00jacTH pemIeTOYHBIX
konebanuii  (Puc. 3.5). Ha pucyHnke BugHa mosjoca OCTaTOYHBIX Jyded OT
noanoxku GaAs ¢ MakcuMyMoM Tipu 275 cm’™ 1 mieHKH ZnSe ¢ MaKCHMyMOM TIPH

212 cm’'. B o6pasue Ne3 ¢ TommuHOiM c10si Au 2A B CIEKTPE OTPasKCHHS
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OTCYTCTBYCT I10JI0OCA, COOTBCTCTBYIOIIAA HAHOIIPOBOJIOKAM ZnSe, 4YTO YKa3bIBaACT

Ha Maiyto 3QpekTuBHyIO TONmKHy Matepuana (Puc. 3.5).

—N3_Au 2A

124 ——N1_Au 100A

1.0 4

0.8+

06 4

Reflectivity

04 -

0,2 4

0,04

T T T T T T T T T T T
0 100 200 300 400 500 600

Frequency, cm’

Puc. 3.5. Usmepenus xo3dpdunmenra MWK orpakeHuss nmias o0pasLoB, coleprKallux
HaHOIPOBOJOKH ZnSe ¢ ToamuHoi ciosa karaiu3aropa 100A (kupHast kpuBas) U 2A (TOHKas

KpHBas)

Crektpsl BTopuyHOTo u3nydeHus: oopa3noB Ne3 (Au — 2A) u NeS5 (Au - 10
A), wum3MmepeHHble Tpu Bo30yxkaenuu mazepom He-Cd ¢ A = 441.6 nm,
npuBEJCHHBIE Ha puC. 3.4., TIOKa3bIBAIOT Y3KWE WHTEHCHUBHBIC UKW,
cootercTBytomue LO pononam ZnSe ¢ gactotoit 252 cm’ (0o = 31.2 meV).
Makcumym  momMuHecueHuun —obpasua  Ne3,  kotopas B oOpasmax ¢
HAHOMPOBOJIOKAMHU 3HAYUTEIBHO cllabee, yeM B IUIeHKe ZnSe, COOTBETCTBYET
sHeprum E = E; — 20 0 = 2.74 eV, a o6pasua Ne5 sueprum E = E; - 300 = 2. 707
eV. LO ¢poHOHHBIE THKH TIPH IHEPTUSX MEHBIINX MaKCUMyMa JIFOMUHECIICHIIUH,
CMELIEHHBIE Ha 2 U 00Jiee M o, CBA3aHbI C KACKAIHBIMU MEPEX0JIaMU Ha JIOKATbHbIE

COCTOSIHUS B 3aIIPEILICHHON 30H€E.

Ha cnektpax pgaHHbIX 00pa3noB HaOMOIAIOCh IepepacrnpeeiceHue
uHTEeHCUBHOCTU LO-(QOHOHHBIX MOBTOpPEHUN, OOYCIOBICHHOE M3MEHEHHEM Kpas

30HBI H3-3a PasMCPHOTO KBAaHTOBAHUA B HaHOIIPOBOJIOKE (MaKCI/IMYM
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WHTEHCUBHOCTU B TUIeHKe mpuxoautcs Ha 4L.O, B To Bpems Kak njsi oOpasios,

coxepxammx HaHonpoBoJoku — Ha 1LO u 2L0O). ITpu coBnagennn 1LO ¢ kpaem

30HBI BCPOATHOCTDL pClIaKCaluu B036y}K,Z[€HHBIX QJICKTPOHOB YBCIMYMBACTCH,

JdaBasi, TaAKHM O6p330M, BKJIaa B MHTCHCUBHOCTD.

Zn0.

Taxke HCCIENOBAINCH CHEKTPHl BTOPUYHOTO M3IYyYECHUS NPU KOMHATHOM

TeMmiiepatype CTpykryp ¢ HaHompoBosiokamu (HII) ZnO, a Takxke CTpyKTyp

cepaneBnHa—o6onouka ZnTe/ZnO mpu BO3GYKIACHHH Ar -Ta3epoM C UTHHAMH

BoJH 514.5 nm u 488 nm (uepesonancHoe KPC), a taxxe He—Cd-nazepom c

JnuHOM BOTHBEI 325 nm (pe3onancHoe KPC). XapakTepucTuku AaHHBIX 00pasiioB

npuBeneHsl B Ta0m. 3.2. B Tabn. 3.3 mpencraBiieHbl MOJYyYEHHBIE HM300pakKeHUs

SEM, a Takxke CHEKTpbl JIIOMUHECUEHUMU IIpU HU3KOW Temmeparype s

00pa3IoB, coAepKaIuX HAaHOMIPOBOJIOKK ZnO.

Tabn. 3.2
Opnentauns HII Cpenruii tnaMeTp (d)
I;IOMCP O6paszen N0 OTHOIIEHHIO H mHa (1) HIT ZnO 1 ZnTe
copasiia K TIOZLTOKKE 1 KpucTaumTor ZnO, nm
1 NWs [TpenMymiecTBeHHO d=0983
Zn0O/{100)51 nepreHIuKYISAPHO 1 =503.2
N 1205-5 MOJLTIOKKE
2 NWs I1pon3zponsHas d =598
ZnO/(100)Si 1=371.2
N 0908-15
3 NWs » d=125
ZnO/Ni [ = 5100
4 NWs [IpenmyinecTseHHOE 20 (ZnTe)
CepnuesuHa—o60m0uKa HanpaeneHHe — 5—10 (ZnO)
ZnTe/ZnO (111} 5, nepreHIuKYISAPHO
NOI0908A MOJLTIOKKE
5 NWs IeprienaukynsapHO 20 (ZnTe)
CepruesnHa—o600UKA NOITIOKKE 20 (Zn0O)

ZnTe/Zn0O (111) GaAs,
NO40908 A
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Ta6m1.3.3

N3obpaxxenne SEM

CnekTpsl JroMuHeceHuu, 10K
TOPU30HTAJIbHAS OCh — JJIMHA BOJIHBI (HM),

BEPTHUKAJIbHASI OCh — MHTEHCUBHOCTD (OTH.€].)

- -
WD 10.1mm_100nm

75000

60000 HAHOTIIPOBOIIOKH ZnO

45000 d-100 m1M

30000

15000

300 500 700 900

10000

go00 HAHOIIPOBOIOKH ZnO

6000 d - 60 HM

4000

2000

300 500 700 900
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3 | Her u3zo0Opaxenus 1250

1000 HAHOITPOBOIOKH ZnO

750

d-125um

4 750
HAHOIIP OBOIIOKII
Anpo/odonoura ZnTe/Zn0O
m d-30mm
250
0
300 500 700 900
5 8000
™
2P 7 HAHOTIPOBOITOKH
v i:{ s o sapo/obonouxa ZnTe/ZnO
F | (3 S
d - 40 HM

4000

2000

700 900

B nanonpoBonokax ZnO ObLIM OnpeieNieHbl YaCTOThl ONTHYECKUX (DOHOHOB

E, (low), E,(high), monepeunsix ontudyeckux (oHoHOB A;TO U TPOIOIBHBIX
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ONTUYECKUX MOJ, UMeEIoUX cMmemannyo cummerpuio A;LO-E;LO. Bo Bcex
ctpyktypax ¢ HII ZnO o6napysxeHbl mOBepXHOCTHBIE onTrueckue moasl (SOP). B
ctpyktypax ZnTe/ZnO npu Bo30yxaeHuun He—Cd-nazepom o0OHapyXeHBI
nonepeunas u npogonbHas moasl ZnTe m ZnO. Cnektp KPC o6pasma ¢ HII
ZnO/Ni (o6paser; Ne 3, Tabu. 3.2) IpH HEPE3OHAHCHOM BO30YKICHHH AT -Ta3epoM
¢ nnuHOM BoJiHBI 514.5 nm mokaszad Ha puc. 3.6. Ha cnekTpe BUIHBI MOJIOCHI,
cootBeTcTBytOIME MoaaM E, (low) npu yactote 98 cm"l, E, (high) npu yacrote
437 cm™, mMona mpu wactore 382 cm”', KOTOPYIO MBI CBS3BIBAEM C HOIEPEUHOMH
mozoit A;TO, u Moasl BTOporo nopsiika npu dacrorax 334 u 560 cm_l, a TaKXXe
WHTEHCUBHAs MoJia npu yactote 1147 cm™, kotopas asisierca LO-monoi BToporo
nopsimka 2LO (A;LO =574 cm™' B o6bemMuoM ZnO). Kak BHAHO U3 PUCYHKA, HIPH
Hepe30HaHCHOM BO30yxaeHuHu B crnektpe KPC goMHHHMpYIOT HEMOJIIpHbIE MOJIbI

E,.

E, (high)

500 437
- [ £ (low) )
‘é 400 | 98 ZnO/N1 NWs
=] N3
—g A=514.5nm
= 300 |
5 1 Air
= 200 382 2L0

1147
100
1 | 1 L 1

600 1000 1400

Raman shift, cm™

0 200
1

Puc. 3.6. Cnextp KPC o6pasua ¢ HIT ZnO/Ni (o6pazerr Ne 3, Tabxn. 3.2) npu HEpe30HAHCHOM

+ v
BO30Y)XICHUM AT -Ja3epoM C JAIHMHOHN BOJHBI 514.5 nm.

Ha puc. 3.7 noka3an cniektp KPC storo xe o6pasua npu Bo30yxaennu He—
Cd-nazepoM ¢ mrHOM BOJHBEI 325 nm. DHeprusi Bo30yXJIeHUS B JIAHHOM Cily4ae
IpEBBIIIACT IIUPHUHY 3ampemieHHoil 306l ZnO ob0bemHOro martepuana Ha 440
meV. Takum 00pa3oMm, pearm3yloTCsl YCJIOBHS PE30HAHCHOTO paccesHus. 3
pUCYHKa BHJIHO, 4TO MHOrooHOHHbIe MOBTOpeHus LO-Moawl ¢ yactoTtou 575

-1 o
Cm  HaJlaralTcs Ha MIMPOKYIO TMOJOCY JTIOMHUHECHEHIMU. YacTtoTa 3TOW MOJbI
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oueHp Omm3ka k mome A;LO ob6wsemuoro ZnO. Msel momaraem, 4TO TpoIecC
B3aMMOJICUCTBUS TOPSIYUX DJIEKTPOHOB ¢ LO-hoHOHAMH MPOMCXOAUT B paMKax

. -1
KackagHoi monenu. Ha stom ke rpaduke BuaHa Moaa mpu yacrtote 459 cm |

OTHECEHHAas K MMOBEPXHOCTHBIM onTudeckuM ¢poronam (SOP).

250F
ZnO/NiNWs 24y, 3y,
N3 f.

200 = ‘
z el I r\ Puc.3.7. Cnektp KPC o6pasna ¢ HII
£ - A | .
; - e’ {| l ZnO/Ni (o6pazen Ne 3, tabn. 3.2) npu
S 150
e | I .
E: ([ - PE30HAHCHOM BO30YXKIEHUM AT -J1a3epoM
g I [ |
£ 100 1‘ | E C JUTMHOW BOJIHBI 325 nm.
= | SO |I |

459 ||
sot ,’//\) .
0 500 1000 1500 2000

Raman shift, cm™!

Ha puc. 3.8 npusenen cnexktp KPC o6pasna ¢ HIT ZnO/Si (o6pazenr 1 B
Tabn. 3.2) mpu Bo3byxaeHnn Ar -mazepom (A = 514.5 nm). Ha stom crmektpe
BUJIHBI UHTEHCUBHBIE MOJIbI E; (low) npu wactote 100 cm' E, (high) npu vacrore
438 cm_l, LO- u 2LO-monp1 npu yactotax 580 cm™ u 1150 cm_l, ONTUYECKUN
(OHOH, CBSI3AHHBIH C TIOIOXKOH Si, mpy wactote 521 cm™ u ero BTOpoit MOPAIOK
B BHJE LIMPOKOH mosockl mpu dactote 940 cm™'. MuTeHcHBHas mosoca mpu 303
cm”', TakKe, OYEBHMAHO, cBsf3aHa ¢ Si. Kak BHIHO M3 pPHCYHKA, MpH

Hepe3oHaHCHOM B030yxaeHuu B crektpe KPC nmoMuHHPYIOT HEMoOJsSpHBIE MOIbI

: E..
140 = |si
s _ ~.
5 120F &7 §_ | Vi —
= S ='oo|| Zn0O/Si NWs
= B = en|l
= 100 o by
J B | —
- | i | A=5l45mm Puc. 3.8. Cnextp KPC o6pasma ¢ HII
2 80 | .
% _ - | I‘. ZnO/Ni (obpazen 1 B Tabn. 3.2) npu
—— 60 = “ﬂ ‘-\‘ | |
£ A ,fgo | HEPE30HAHCHOM BO30YXICHUH Ar+—nasep0M
il | ] VW e | 2LO
[ A/ \r” e b C IJTMHOM BOJHEI 514.5 nm.
/
20 LW L I I 1 L L L 1 L L L I 1 L 1
0 200 600 1000 1400 1800

Raman shift, cm™!
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[Ipu BO3Oyx)aenun nazepom He—Cd (puc. 3.9) BuaHBI MHOrO(QOHOHHBIE
nosropenust LO-(poHOHOB ¢ wacToToii 577.8 cm™'. Ha Bpeske puc. 3.9 0TUeTIHBO
BUAHA MoJa mOpu uactore 460 cm™', KOTOPYIO MbI TAKXKE CBS3BIBAEM C
MOBEPXHOCTHBIMHU onTHYecKUMU (oHOHamu. PazOpoc 3Hauenuit wyactor LO-
(DOHOHOB, M3MEPEHHBIX B Pa3HBIX TOUKAX oOpasua, cocTapiser +2 cm . B 3ToMm
obpasie B criektpax KPC nposiisieTcst mpo1oibHas MO/ia CMEIIAHHOW CUMMETPUU
ALO-E,LO. Yactota LO-MO161 HE U3MEHSETCS M B TOM ClIy4ae, Korjaa oOpaserr

OBepHYT Ha 90

*g 900 L\O
60015 h ‘ 310
= soll Zn0O/S1 NWs
-
= 500 / N1
500z
“g -EB(]() P P P B P P P Y }‘:325nm
= - 110 330 550 770 990
=
e 400 Raman shift, cm™! 2LO
= I
. LO
£'300
o
o
= 200
100

0 500 1000 1500 2000
Raman shift, cm™!

Puc. 3.9. Cnextp KPC o6pasua ¢ HII ZnO/Ni (o6pazenr 1 B Tabn. 3.2) mpu pe3oHaHCHOM

+ v
BO30Y)XICHUM AT -Ja3epoM C AJIHMHOM BOJHBI 325 nm.

Crnektp «ropsueit» momuHecueHmu obpasma ¢ HIT ZnO/Si (2, tabn. 3.2) npu
B0o30yxnenun He—Cd mazepom mpexactasieH Ha puc. 3.10. Yacrora LO-doHoHa

paBHa 576 cm™'. [ToBepXHOCTHAst MOza uMeeT gactory 470 cm™ .
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750 | 2%'0 v
2 600 | | J
- LO |
E 576 | ZnO/siNWs
= f N2
k- 450 / A =325nm
g SO |
= 470,
300 /\.

1 L 1 L L L |
0 500 1000 1500 2000
Raman shift, cm™!

Puc. 3.10. Cnextp «ropsiueit» momunecueHun oopasua ¢ HII ZnO/Ni (oOpazen; 1 B Tabi. 3.2)

+ o
MIPU PE30HAHCHOM BO30YXKICHUU AT -J1a3epoM C JUTMHOU BOJHBI 325 nm.

[Ipu mommuocT u3nmydenuss Ha oOpasue 0.1 mW MOXHO HCKIIOYUTH
JokanbHbId HarpeB aHcamOis HII. MomHocTe BapbupoBasiack B mpeaenax (.12
mW-0.012 mW u usmenenuit yactor LO-poHOHOB B 3KCHEpUMEHTaX HE OBLIO

00HapYKEHO.

Cnektp KPC-o6pasna cepaneBura—o6onouka HII ZnTe/ZnO mnpu
BO30OYxkaeHnn Ar -nazepoM ¢ A = 514.5 nm npusenen Ha puc. 3.11. Ha crmextpe
BUJIHBI TOJBKO y3KHe ImHuH LO (GpoHOHHBIX oBTOpernii ZnTe (0 o= 203.8 cm™)

Ha (OHE KPaeBOIl JIIOMUHECIICHITUH.

8000
LO ZnTe
Puc. 3.11. Cnexktp
‘é 6000 |- ZnTe/ZnO NWs KPC-o6pa3nia cepaneBuHa—
=]
- N4
£ %= 5145 nm o6omnouka HIT ZnTe/ZnO nipu
%"‘ 4000 | 510 BO3GYXK/ICHHH AT -Ta3epoM ¢
= w
o= 2 1 514.5 nm.
= | g
2000 S | 3L0 4, 510
3 1 /;‘-._,—"M
|\“I‘-r"‘/l|\‘7”/\\“.—w| T A A A T o
200 600 1000 1400 1800

Raman shift, cm™!
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Ipu Bo3Gyxaennn He—Cd-masepom ¢ A = 325 cm™ (puc. 3.12) B criektpe
KPC Buanbl mHorogononssie mnoBtopeHus: LO-¢pononoB ZnO c¢ uvacroToit 572
cm”', Halaraioulecs Ha IMPOKYIO IMOJOCY JIOMHHECHeHIHH. Kpome Toro, B
CIIEKTpe BUIHBI MOIBI HpH 4acToTax 176, 205 u 408 cm™'. DTH 4acTOTHI C
xopolnieid TOYHOCThIO cOOTBETCTBYIOT TO- m LO-dbononam simpa ZnTe u TO-
dorony kpucramuroB ZnO coorBercTBeHHO. KpacHsii casur Ha 2 cm”' LO-
¢onoHoB ZnO, BO3MOXKHO, CBsA3aH ¢ AehopMalueil pacTsKEHHUS U3-3a Pa3HUIIBI B
noctosiHHbIX penieTku ZnTe u ZnO. Ha criekTpe BuaHa 0COOEHHOCTH MPU YaCcTOTE

-1 o o o
457 cm™ koTOpast MOXKET OBITh CBA3BIBAHA C HHTEP(HENHCHOM MOIOH.

1500 |- LO _
- 572 ZnTe/Zn0) NWs
1300 | N4
N % =2325nm
2 1100 F 3LO
g 900 2L0
=) [
8 700 A
=
2 500 F
o
= 300}
100 |
0F
—~100 . . .

! |
1500 2000

1

|
1000
Raman shift, cm™

3.12. Cnextp KPC o6pasua cepaueBuna-odomnouka ZnTe/ZnO mnpu Bo30yxknenun He-Cd

nazepom 325 HM

3.2. KpaeBasi 1loMuHecleHIIUSE HAHONMPOBOJIOK ZnSe, ZnTe.

DKCIEPUMEHTAIBHO 3apETUCTPUPOBAHO YBEINUYECHUE IIMPUHBI 3aMPEIICHHON
30HBI TPU TEpexoae OT OO0BEMHOr0 Marepuaja MOJYNPOBOJHHKA K
HaHOIpoBoJIoOKaM. J[yig 00pasioB, cojepraldx HAHOMPOBOJOKU ZnSe roay0Ooi
CIABUT KPaeBOU JIOMUHECIICHIIMA B oOpasilie ¢ caMbIM TOHKHM ciioeM Au (2 A)
coctapnsger 60 meV, B obpasie ¢ TommuHon ciost Au 10 A 3TOT caBur paBeH 27

58



meV. CornacHo [29] romy0o#i cnBur KpaeBoil (POTOIFOMUHECIIEHIIUA COCTABIISET
120 meV mpu T = 300 K B HaHompoBosiokax ZnSe pauameTpoM 25 HM,
CUHTE3UPOBAHHBIX METOJIOM AIIEKTPO-XUMHUYECKOIO OCAKICHMUSL. B
HAaHOMNPOBOJOKax ZnSe AuaMeTpoM 5 nm, CHUHTE3UPOBAHHBIX XUMHUYECKUM
METOJI0OM, 3TOT cABUT OblT paBeH 160 meV [33]. Takue Oonblumve CMeNIeHUsS
MakcuMyma  (OTOJIIOMUHECHEHIMM B CTPYKTypax  CHHTE3MPOBAHHBIX
XUMUYECKUMH METOJAMU U3 PaCTBOPA, BOZMOXHO, CBS3aHbI C HEKOHTPOJIUPYEMBIM
YMEHbILIEHUEM UX 3PPEKTUBHOMN TOJIIMUHBI B PE3YJIbTATE OKUCIIEHUS IOBEPXHOCTH
HAHOIIPOBOJIOK: siipo ZnSe B oOomnouke okucna ZnO. B [34] nabmromancs
3HAYUTENbHBIN Toay0oil CABUT MaKCUMyMa HM3Iy4YeHHs 30HA-30Ha B KBAaHTOBBIX
TOUKaX ZnSe, NOMEUIEHHBIX B CTEKJISHHYIO MAaTpHIly, IPU YMEHBIIEHUM UX
pasmepoB. CHBUT SHEPrHWM KpPaeBOW JIFOMUHECHICHIIMM B CTOPOHY OOJBIITNX
3HEpruil B o0Opaslax ¢ HAHOINPOBOJOKAMM CBSI3aH C BIUSHUEM pa3MEpPHOIrO
KBAHTOBAHUS Ha 3JIEKTPOHHBIN criekTp. Mcxoas u3 BennyuHsl roayooro casura 60
meV 17151 00pasiia ¢ caMbIMU TOHKUMU TMPOBOJIOKAMU, OLEHEH PAJNyC KBaHTOBOM
IpoBOJIOKU. ['01y0o0ii cIBUT BO3HUKAET B pe3yibTaTe KOHPalHMEHTa 3JIE€KTPOHHO-
JIBIPOYHOI Maphl ¥ ONHCHIBaeTCs BhIpaxkeHmeM Buaa AE = (h’k%)/2p, roe p —
npuUBeIEHHAsE Macca 3JEKTPOHA U JIBIPKH, @ BOJIHOBOM BekTop k ompenensercs u3
IPAaHUYHOIO YCJIOBUA. [l KBAaHTOBOM MPOBOJIOKM LUJIMHAPUYECKONH (POPMBI,
OKpYXEHHON OeckoHeuHbIM OapbepoM, k Haxomutcs u3 yciosus Jo(kp) = 0, rae J,
¢ynkius beccenst HyneBoro nopsaka, p — paauyc IpoBoioKH. /st HauMeHbIero
kopHsi ¢yHKIMU Jo mpousBenenne kp = 2.405. [loxcTtaBuB 3TO COOTHOIIICHHE B
BbIpakeHHe 11 AE, a Takke HCIOib3ys 3HAUCHHE NPUBEAECHHOW MAacChl IS
3JIEKTPOHA U JErkou npipku ZnSe = 0.1 my, my — Macca cBOOOJHOTO AJIEKTPOHA,
nonyaum AE = 28.9 (h’ / my p’). ITomcTaBuB B 3TO BBIPOKCHHE 3HAUCHHE
roiayooro ciasura s oOpasna ¢ caMbIMU TOHKMMHM IpoBojiokamu AE = 60 meV,
nosyunm p = 61 A. DT0 3HaUEHHE XOPOUIO COrJacyercs ¢ JAaHHBIMU 3JIEKTPOHHOU

MUKPOCKOIINH AJIs1 UCCIIEN0BaHHOIO o0pasua [26].
Jlns HaHONIPOBONOK ZnTe MakCMMyM KpacBOW JIFOMUHECLEHIMU I BCEX
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CHEKTPOB COOTBETCTBYET »Hepruu Ey, paBuoit 2.28 eV. Takum oOGpazom, romxyooi
CABHUT MO OTHOIIEHHIO K o0bemHOMY ZnTe cocrtaBmser 0.03 eV. duamerp KII,

BBIYMCJICHHBIN aHAJIOTUYHO METOJTy, HCIIOJIb30BAaHHOMY JIJIs1 ZnSe, paBeH 25 nm.

3.3. CrokcoBass M AaHTHCTOKCOBasi 00/1aCTH CIEKTpa  «ropsiieii»

JIOMUHeCHeHIIUN HaHompoBosiok ZnTe.

OKCHEPUMEHTAIIBHO HCCIIE0BAIOCh BIMSHUE YCIOBMM pE30HAHCa IIO
pPacCesHHOMY CBETY Ha OTHOCUTEIbHYH) MHTCHCHUBHOCTH CTOKCOBBIX (S) JIMHMMU
MHOTO()OHOHHOTO pacCesHus, a TakKe Ha OTHOIIEHHE WHTEHCUBHOCTEU
AHTHCTOKCOBBIX M CTOKCOBBIX JIMHHMI NPU U3MEHEHUM SHEPIHMM BO30YKIAIOLIETO
W3JIydeHus [ HaHOONpoBOJIOK ZnTe. AmnHanu3upoBanach  3aBUCUMOCTH
OTHOCHUTEJIbHOM MHTEHCUBHOCTH JIMHUK MLO OT mopsiika m B yCIOBHSIX, JAIEKUX

OT pE€30HAaHCa.

AHanu3upoBajgoCh ~ OTHOLIEHWE  MHTEHCHUBHOCTEM  CTOKCOBBIX |
aHTUCTOKCOBBIX JUHUHN cnekTpoB KPC mpu sHeprusx Bo3Oyxparoumx (pOTOHOB
2.18, 2.33, 2.41 u 2.54 3B. AHTHUCTOKCOBBI CIIEKTPbl KBAHTOBBIX MPOBOJOK ZnTe
npuBefeHbl Ha puc. 3.12. CnoekTpsl HU3MEpPSUINCh B €AUHOM IUKJIE C
COOTBETCTBYIOIIMMH CTOKCOBBIMHU CIIEKTPaMH, TaK YTO MOITHOCTH Jja3epa Oblia
onuHakoBoW. OTHOLIEHWE WHTEHCUBHOCTEH B Hepe3oHaHcHOM ciyydae KPC
MPOMOPIIMOHAIBHO 3aCEJIEHHOCTH KOJIEOATEeNbHbIX COCTOSHUM W OmIpenensercs

bopmynoii:
Ls/Is = [(Opaser + Oran)/(Oraser — Oram)]* exp(—hogan/kT) (2.1).

3aBucuMmoctu otHomeHusd l,s/Is or caBura yactor JmHUA MLO OTHOCHUTEIBHO
SHEPIruil BO30YXKJICHHUS IS S- U aS-CIEeKTpOB B KBAaHTOBBIX MpoBoJiokax ZnTe
Ipe/CTaBICHbI B JorapupmMudeckom maciuradbe Ha puc. 3.13. Ha nanHom pucynke

TaK)Ke MPUBEJIEHA TEOPETUYECKAsI 3aBUCUMOCTh, paccurMTanHas 1o ¢popmyse (2.1).
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Puc. 3.12. AutuctokcoBbl ciekTpbl KPC kBaHTOBBIX MpoBOJIOK ZnTe npu pa3mauyHbIX SHEPTUAX

BO30YX/IeHH. 3BE37]0UKOM 0003HAUCHA pa3psIHAST TUHUS.
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Puc. 3.13. OTHOIIEHNE HHTEHCUBHOCTEN aHTUCTOKCOBBIX M CTOKCOBBIX JIMHUM B 3aBUCHMOCTH OT

caBura 9actoT JuHuid mLO 115 pa3auvyHbIX SHEPTUA BO30YKIEHUS KBAaHTOBBIX MPOBOJIOK ZnTe.

[ TpuxoBas uHUSA — pacdeT 1o popmyne (2.1).
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DHeprum paccessHHbIX (OTOHOB I CTOKCOBBIX W AHTHUCTOKCOBBIX
MPOIIECCOB PaBHBI COOTBETCTBEHHO E;, — mhw o u E;, + mhoyo. [us sueprun
Bo30yxneHust 2.18 5B, cooTrBercTByromei ciydaro E;, < Ej, WHTEHCHUBHOCTH
AHTUCTOKCOBBIX JIMHUI KBAaHTOBBIX MPOBOJOK ZnTe GoJblie, 4eM CTOKCOBBIX IS
m = 1, 2, T.K. PHEPrusi pPacCcessHHOTO CBE€Ta NPH AHTUCTOKCOBOM PACCESHUU
NpUOJIMKAETCS K DHEPTUU AIEKTpOHHOTO nepexona Ey= 2.28 3B, a npu crokcoBoM
— yaansercsi. ITUM OOBSICHSIETCS HaX0XKICHUE SKCIIEPUMEHTAIBHBIX TOUYEK Ha PHC.
3.13 Bbie pacueTHON KpuBOM. OCTalIbHBIE HKCIIEPUMEHTAJIbHBIE TaHHBIE HA PHUC.
3.13 otHocsaTesa k cnydaro B> Eo. Ilpu E;,= 2.33 eV pe3oHaHc 1o paccessHHOMY
CBETY, KaK [MOKa3aHO BBIIIE, HACTyMNaeT npu m = 2 (puc. 3.2, 3.3), 4T0 NPUBOAUT K
3HAYUTEIBHOMY YCHJICHUIO MHTEHCUBHOCTH CTOKCOBBIX JIMHMH. [IoaTOMYy TOuKkH,
COOTBETCTBYIOIIME JTOM HHEPruu BO3OYNKIEHUS, PACHOJIOKEHBl 3HAYUTEIHHO
HWKE TeopeTuueckoil kpuBoil (puc. 3.13). B stom ciaywae mang m = 2 u 3
OTHOILIEHUE CTOKCOBBIX WM AHTUCTOKCOBBIX HMHTEHCUBHOCTEW Ha JBa NOpsAKa
OombIlie, YeM B KJIACCHYECKOM, Hepe3oHaHCHOM ciydae. C pOCTOM JHEpruum
BO3OY)KJICHHsSI PE30HAHC IO PACCESTHHOMY CBETY HACTyNaeT NpPH DSHEPIHsX,
MenbIux E;, Ha mhwyo. Tak, npu Ej= 2.41 eV pe3onanc gocturaercs npu m = 5
(puc. 3.3),anpu E;;=2.54eV nmpu m = 10. Iloaromy mo mepe yBeIuyeHUs
SHEPIUM BO30YXKJICHHS PE30HAHCHBIM uieH B ypaBHeHuM (2.1) oka3biBaeT Bce
MEHBIIIEE BIUSHUE HA UHTEHCUBHOCTH JIMHUM Ig It Maneix 3HadeHur m. M3 puc.
3.13 Buano, uto mpu Ej= 2.54 eV xon 3aBucumoctu l,s=I5 mpubmmkaercs x

pacCYETHON KPUBOM.
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Puc. 3.14. CtokcoB n aHTUCTOKCOB (Ha BcTaBke) ciekTpbl KPC kBaHTOBBIX MTpoBOIOK ZnTe mpu

sHepruu Bo3OyxaeHus Ein = 2.18 eV. 3Be3noukamu 0003HaYEHBI pa3psaIHbIC TUHUH.

[Tpu sneprun Bo30yxnenus E;,= 2.18 eV, uro cooTBeTcTBYyeT ycnoBuio E; <
Eo, Ha ctokcoBom crnekrpe KPC Bugna omna mmaus LO-dponoHa, a Ha
AHTHUCTOKCOBOM BUAHBI MHTeHCUBHBIE TuHUM 1LO u 2LO (puc. 3.12, 3.14). HyxHo
OTMETHUTb, YTO PE3OHAHCHOE YCHJICHHE JIMHUM PacnpoCTpaHseTcs 3a Mpeaeibl
00€epTOHOB. DTO MOXKET OBbITh CBA3aHO C YIIMPEHUEM IOJOCHI JIIOMUHECUEHIIUU.
[Monymmpuna 3toi monockl, paBHas 50 meV, B 2 pa3a MNpeBbIIIACT IHEPTHUIO
¢onona. Takum oOpa3om, 3TO YIIUPEHUE MOKET BIUATH HA OOEPTOHBI, COCETHUE C

PE30HAHCHBIM.

CymiecTByeT  KOHKYpPEHUMSI  MEXJy  PE30HAHCHBIM  IPOLIECCOM  H
MOHOTOHHBIM CIIa/IOM MHTEHCUBHOCTU JMHMA mLO ¢ yBeinueHMEM HoMepa m.
CornacHo [35], uaTeHCMBHOCTH NUHUNA MLO mponopruoHaibHa MPOU3BENCHHUIO

PE30HAHCHOIO WieHa Py mho; o U YieHa, KOTOPhIA YMEHBIIAETCS KaK m—,

Inio ~ I(Bo+ mhoyro - Eip)="1 ¥ m=" (2.2)
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YroObl  UCKIIOYUTH  BJAMSHHE  PE30HAHCHBIX  MPOLECCOB,  ObLI
IPOAHATIM3UPOBAH CIAJ MHTEHCUBHOCTH JIMHUA mLO, namekux oT pe30HAHCHOU
sHeprun  Eg = 2.28 eV. Or1o cnektpsl KPC kBaHTOBBIX NpoBOJIOK ZnTe npu
BO30YyKAeHUH SHeprusiMu GoToHOB 2.54 u 2.62 eV. B nepBom ciaydyae MakCUMyM
JFOMUHECIIEHIIMM 10JKEH OBl Obl HaOmo1aTecs pu m = 10, a Bo BTopoM IIpu m
= 13. IloaTomy cnag WHTEHCUBHOCTH JMHUKA mMLO ¢ MaJbIMM 3HAYEHUAMH m
ONpENENseTCs B 3HAYMUTEIBHOM CTENEHU BTOPHIM WIEHOM YypaBHeHus (2.2).
OTHOCHUTEINIBHBIE MHTETPAIbHbIE MHTEHCUBHOCTH JUHUM mMLO B 3aBUCUMOCTH OT
nopsiikoBoro Homepa m s KII ZnTe npencrasnens! Ha puc. 3.13. Buano, yto
HKCIIEPUMEHTAJIbHBIE TOYKM XOPOLIO JIOKAaTCAd Ha NPSIMYHO C TaHE€HCOM yIja
HaKJIOHA, paBHbIM 1.2. PacueTsl mokassiBarot [36], 4To 3(peKTUBHOCTH paccesHUs
NIPOIIOPLMOHANBHA ( , TJE ( BOJNHOBOH BEKTOp (oHOHA. IIporecchl, KOTOpHIE
BKJIFOUAIOT MHOT'O (JOHOHOB, U, CJIEI0BATEIbHO, OOJIBIINE (, JOJKHBI ObITH cladee.
W3 mammx gaHueix ciaeayeT, uyro [, LOm™, rae n = 1.2; nmo ga#HbM pabotsl [35] n
=1 - 1.8. Hy’)xHO UMeTh B BUAY, YTO 3JIEKTPOH MOKET PEIAKCUPOBATH KO THY 30HBI
IpoBOAUMOCTH, ucmyckass LO-(QOoHOHBI ¢ pa3HOHANPABICHHBIMH BOJIHOBBIMU

BekTopamu [36], uTo ocnabiser 3aBUCUMOCTb 3()PEKTUBHOCTU PACCESTHUS OT m.

3.4. CaBur yactorbl nLO-¢goHOHA B cHeKTpax «ropsiueii» JIOMUHeCHEHIIHU

HAHONPOBOJIOK ZnSe, ZnTe.

OO0b1yHO Tpeanonaranoch, 4ro npu LO-(pOHOHHBIX MOBTOPEHHSIX YaCTOTHI
MaKCUMYMOB NHUKOB KpaTHbI yactoTe LO-ponona [7, 40]. Omgnako, Hamu OBLIO
OoOHapyXeHO, 4YTO 3HadeHus 4dYacToThl mukKa «nlLO-dhoHOHA» oOTIMUYaeTCs
OTHOCUTENIbHO BenuuuHbl nhoio. Hnga ZnSe »>1oT 3¢pdexr MakcumaneH, xoraa
gactoTel mnuka «nLO-onHoHa» momamalT B 00JacTh YacTOT KpaeBoOi

JroMuHecHeHuu (puc. 3.15).

64



cim-1

1
/ ZnSe NV, Au 1004
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Puc. 3.15 Yacrora LO ¢oHOHa B 3aBUCUMOCTH OT HOMEpa IMUKa JUIsi 00pa3loB, COJEpKAIIUX

ZnSe HaHOTIPOBOJIOKHU

B crpykTypax, comepxkammx HaHompoBoJioku ZnTe, Takke 0oOHapyKeH
nofoOHbI  caBur  yactorel nuka nLO-poHoHa, Koppenupyromuid  C
JIOMHUHECLIEHTHBIM nKoM. Ha puc. 3.13 npuBenensl criektp ZnTe v BeTUYHHBI
OTKJIOHEHUsS u3MepeHHoM wyactoThl nlLLO or BenumuuHbl n:(yacrota 1LO).
HaGmomaercss koppensinust mMexay caBuroMm dactoTel LO-doHOHA M 007aCThIO

qacCToT KpaeBoﬁ JIOMHHCCLCHIINH.

ZnTe

Puc.3.16 M3meHnenune 4acToThl
LO-donoHa (BepXxHsisi KpuBasi)

B 3aBHCHMMOCTH OT HOMEpa

WHTEHCMBHOCTL Npov3B. en.

IMHUKa JUTSL 00pa31os,

coZeprKaIInX ZnTe

HAHOITPOBOJIOKH.

2.25 2.35
aB
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B nossipHBIX MOJYyIIPOBOJHHMKAX, KOTJa KOHUEHTPALUS HOCHUTEJIEH BEIIMKA,
BO3MOYKHO B3aWMOJIEHCTBHE (DOHOHOB C HOCHUTESIMHU 3apsna (Tia3MoH-(GOHOHHOE
B3aumozercteue) [37]. B pesynbrare Takoro B3auMojencTBus yactora LO
(hOHOHA MOXKET yBEIMUMBATHCS. BMOTHE BO3MOXKHO, YTO B HAIMX MCCIICTOBAHUSIX
TaK XK€ MPOSBISAETCS ATO IIa3MOH-(POHOHHOE B3aumojeucTBue. s mpoBepKu
ObLTM HCClenoBaHbl CHEKTpbl pe3oHaHcHoro KPC moHokpucTamia TBepaoro

pactBopa ZnMgTe (puc. 3.17).

! T TR S 25 e’

45804

L

4825 \ L o

427A

1

NHTeHcMBHOCTE nponse. ea,.

46584

23 24 25 26 3B

Puc.3.17. Usmenenne dactotel 1LO-poHOHA (BepXHSSA KpuBas) B 3aBUCHMOCTH OT DHEPTUU

BO30YKTafOIIETO U3Ty4CHHUS.

BepxHsisg kpuBas — 3aBUCUMOCTb cABHra 4actorel 1LO oT 4yacToTsl
BO30YyKIaromie TuHun ja3zepa. Habmiomaercs CBsi3b MEKIy BEIMYMHON CIBUTA U
npuOIMKEHHEM BO30YXKIaroUle JIMHUM Ja3epa K 00JacTM 4acToT KpaeBOM
JroMuHEecHeHIMu. Takum o0pa3oMm, M3 OSKCIEpUMEHTa BUIHO, 4YTO TMpHU
npuOamkeHny yacToTel Kak nLO, tak u 1LO nuHUit K Kparo mosockl MOTJIOMIEHUS

IMPOUCXOAUT YBCIMUYCHUEC UX YAaCTOT.
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Ouenum KoHieHTpanuto Hocutenei qist ZnTe (puc. 3.14). W3BecTHO, 4TO B

IOJISIPHBIX TTOJYIIPOBOJHMKAX, IPM BBICOKOW KOHLIEHTPALIMM HOCHUTEJEH, KOTIa

dme?® 2 o o
- CTaHOBHUTCSA CPABHHUMOHN C YaCTOTOU LO-

IJ1a3MEHHAad 4acToTa [0} :(
g Em

q)OHOHa BO3HHUKACT PC30HAHCHOC BBaHMOHCﬁCTBHC C 06p8.30BaHI/ICM CMCIIaHHBIX

T1a3MOH-()OHOHHBIX Mo (puc 3.18).
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Puc. 3.18 YacToTHas 3aBHCHMOCTH TIa3MOH-(OHOHHBIX MOJ OT KOHIICHTPAI[UN HOCUTENEH AJist
GaAs [38].

YacToTHas 3aBUCUMOCTD HHaBMOH-Cl)OHOHHbIX MOz OT TUIa3MEHHOM 4aCTOThI

OIIUCBIBACTCA BBIpa}KCHI/ICM:
5 1
0 =0+ 02, )t — a2, F + 40202 -, ) L2 23)

Hcnonw3ys Beipaxkenue (2.3), hbopMmyiny Ajig 4aCTOThI TIA3MEHHOTO KojeOaHus U
nanueie 1 ZnTe [39] momywaem, yto casur dactoTel LO-doHOHA Ha 2em’

o 1 -
COOTBETCTBYET KOHIIEHTpaluu Hocurenen (3+1)-10 em”.
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3.5. Cnekpsnl «ropsiueii» JIOMUHeCHEeHIMU KOJLTouAHbIX yacTul CdSSe.

BnusiHne mnpoCTpaHCTBEHHOrO OrPaHWYEHUSI HA CHEKTP ONTUYECKHUX
(GOHOHHBIX MOJ M UX B3aUMOJCUCTBHE C OJICKTPOHHBIMU (IKCUTOHHBIMU)
COCTOSIHUSIMHU €lIe fABJSIeTCA mnpenameToMm auckyccuit [41, 42, 43, 44]. beuin
MPOBEICHBI SKCIIEPUMEHTHI C HOJb-MEPHBIMU CTPYKTYpaMH — HAHOYACTUIIAMHU Ha
OCHOBE TMOJYNPOBOJHUKOB A,;B¢. BO3MOXHO, 4TO OZHOM W3 TJIABHBIX NPUYHH
pa3HOIIacuii MEXAY TAaHHBIMU PA3JIMYHBIX UCCIEAOBAHUH, a TAKXKE PACXOXKICHUN
MEXAY DKCIEPUMEHTAIBHBIMU JAHHBIMU M TEOPETUYECKUM PACUYETOM, SIBJISICTCS
W3MEHEHHE YIPYTUX CBOWCTB HAHOOOBEKTOB NPH YMEHBIICHUU HX pa3Mmepa 0
HEKOTOPOTO KPUTHYECKOTO, Korja KoyiebaTelbHble CBOMCTBA HAHOOOBEKTOB
OTIPEICTISIOTCS HE aTOMaMu B 00beMe, a TTIOBEPXHOCTHBIMH aTOMaMHU, KOJIUYECTBO
KOTOPBIX CTAaHOBHUTCSI COM3MEPUMBIM C YHCJIOM OOBEMHBIX W Jaxe mpeobiagaet

NIpU JUaMeTpe HAHOYACTHII, PABHOM NMPUMEPHO 2 HM [44, 45].

bblmn mccnenoBaHbl KBAHTOBBIE TOYKM HA OCHOBE MOJIYIIPOBOJHUKOB A;Bg
(CdSSe). llenpro maHHBIX KCIIEPUMEHTOB OBIJIO MCCIEAOBAHNE KPUCTALTUYHOCTH
CTPYKTYpbI, a TaKKe KoJIeOaTeNbHBIX CBOICTB OOBEKTOB NPHU TMOHUKECHUU
pa3MepHOCTU. XalbKOTCHHUIbl KaJMHUs 00JIa/Iat0T JIIOMUHECUEHIMENH B IIMPOKOM
CHEKTpaJbHOM auana3zoHe. Hamu wu3ydamuck ynbTpamaible (MEHbIIE 2-3 HM)
KOJUIOMJIHBIE YaCTHUIbl XalbKOTEHUIOB KaaMmus. [logoOHBIE CTPYKTYpbl Takke
MPEACTABIISIOT UHTEPEC B CHILY U3YUEHUS AJIEMEHTapHbIX BO30YyKIeHUM ((DOHOHOB,
DKCUTOHOB) B  YCIOBHUSX  CHJIBHOTO  IPOCTPAHCTBEHHOI'O  OIPAaHUYEHUS.
UccnepoBanucy  cnektpel  KPC  ynprpamanbix  Hanoudactunr  CdSSe,
MPUTOTOBJICHHBIX B BOAEC MeETOAaMH KosutougHou xwumuu [46, 47]. Kak Obino
yCTaHOBJIEHO B [46, 47], mpu HCIONB30BAaHMM B KayeCTBE CTAa0MIM3AaTOpa
Hepa3BeTBiIeHHOro nojudTwieHnMuHa (IIOU) ypaercs monyduTh yibTpamaibie
(pa3mepoMm ~ 1.9 um) Hanouactuubl CdS n CdSe, a Takke UX TBEpJbIE PACTBOPHI,
XapaKTepu3yolIrecs: y3KuM pacrpezesienueM 1o pazmepy. [I9U BoinoaHseT poiib
CTPYKTYPOHAIpPABIAONMIET0 areHra npu ¢opmupoBannn HY xambkoreHumoB

KaJMHUsl, CIOCOOCTBYSI oOpa3oBaHUIO JocTaTouyHO yHUGOopMHBIX HY pazmepom
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nopsaka 1,8 HM, Tmpoliecc MNPUTOTOBJICHUA omnucaH moapoOoHo B [48]. B
HAaHOCTPYKTypax CTOJIb Majioro pa3Mepa CTAaHOBUTCA BO3MOXKHBIM H3Y4YEHUE
AJIEMEHTAPHBIX BO30YXJACHUH — (DOHOHOB, PKCUTOHOB — B YCJIOBHUSX CHJIBLHOTO
MPOCTPAHCTBEHHOTO OTPAaHUYEHHUS, UTO SBISIETCS BAXKHBIM B paMKaxX Hallen
3agaun. CpenHUM pa3Mep HUCCIEAYEMBIX YacTHI[ OMpPEACISeTCS M3 TOJIOKEHUS
nepporo makcumyma El B cmekrpax ontuueckoro mnoriiomieHus (puc. 3.19) u
IIPUBEAECHHOTO B [48] AMIUPUYECKOTO MOJIMHOMA E(d) =
1.858+(0.220d2+0.008d+0.373)'1, MOJYYEHHOI'O0  alMpPOKCUMAIMeW  JaHHBIX
AJIEKTPOHHONH MHUKPOCKOIUH, PEHTTEHOBCKOW JU(paKIWM ¥  ONTUYECKOTO
MOTJIONIEHUS, B3SIThIX U3 PA3IMYHBIX UICTOUHUKOB. Onpe/ieIeHHbIE TAKUM METOI0M
cpeanue pasmep u pazopoc yactui CdSSe mo pazmepy cOCTaBUIM COOTBETCTBEHHO

1.9 am u 18-20%.

-1

NC diameter, nm
LOaNWA OO~ OO O]

82022242628 3:0 323
E1, eV

CdS or CdSe
magi ize NC

22 24 26 28 30 32 34 36 38
Energy, eV

Puc.3.19. Cnektpbl ONTHYECKOTO TMOIMJIOMIEHUS W KOJUIOMAHbIX HaHodactul CdSiSe .,

crabunmusupoBannbix [1OU: x =0, 0.2; 0.4; 0.6; 0.8 u 1.

Cnextpel KPC na npononsubix ontuueckux (LO) dboHoHax ucciaeayembix
kosutonaHbIX HaHodyacTul CdS,Se;_, (puc. 3.20) xapakTepu3yrTCsS MOJOCAMHU B
00J1acTH MPOAOJIbHBIX onTHYeckux kojedanui CdSe ~200 cm ' u CdS ~300 CM_l,

XapaKTepHbIX JJIs1 TBepAbIX pacTtBopoB (CdS,Se; . 3aME€THOE€ HHU3KOYACTOTHOE
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cmemenne (~10 — 15 cM™') OTHOCHTENBHO KONEOAHHS OOBEMHOTO KpHcTajlia
CdS,Se |« [49] u Oompmas momymupuHa (~20 — 25 CM_I) Mmoael CdSe s
obpazioB ¢ x = 0, 0.2 umw 04 commacyercs ¢ OXHUJIAEMbIM CUJIbHBIM
MIPOCTPAHCTBEHHBIM OTPAHUYCHHEM TMPOJOIBHBIX ONTUYECKHX KOJIeOaHWid B
yJIbTpaMaliblX HAHOYACTUIAX pPa3MEpPOM BCEro JUIIb HECKOJIbKO MOCTOSHHBIX
pemetku. YacrotHoe mosiokenne LO konebanus B JaHHBIX yiabTpamaiabix HY
KOPpPEIUPYET C PacUETHBIMU 3HAYECHHUSIMHM JJIs yiIbTpaMaiblx kiactepoB CdSe u
CdS, a cnektpanbHas ¢opma mojiockl mpuommwkaercs k crnektpy HU CdTe B
pabore  [50], cTpykTypa  KOTOpBHIX Obula  HIACHTHQHUIHMpPOBAHA  Kak
amopdonogoOHas. YcuieHue BKkiaaaa (OHOHOB ¢ HEHYJIEBBIM BOJHOBBIM BEKTOPOM
BIIOJIHE MOXXET OOBSCHUTH HaOJo/aeMble B JaHHOW paboTe CYIECTBEHHOE
CMEIIEHUE U ymupeHue (HOHOHHBIX THUKOB OTHOCUTENBHO 3HAYCHHM IS
MAaCCHUBHBIX KpHUCTaJI0B. KpoMe Toro, jjis HaHOYACTHI CTOJIb MAJIOTO pa3Mepa co
3HAQUUTENBHON WM Jlake JOMHUHUPYIOLIEH J0Jied TOBEPXHOCTU  BKJIaj
MOBEPXHOCTHOM KOJEOATEIIbHOH MOJBI MOKET OBITh CYIECTBEHHBIM M JaBaTh

JAOIOJHUTCIIbHOC CMCIIICHUE U YIIIUPCHHUC.

Pacyer «koneGatenpHoro crmektpa KPC Ha ontudeckux (QoHOHaX

yJIbTpaMaliblX HAHOYACTUIl KpeMHHUS [44] npeanosiaraeT Tpy KIOUEBBIX (akTopa:

(i)  BkJIaa GOHOHOB C HEHYJIEBBIM BOJTHOBBIM BEKTOPOM,

(i) yMeHBIIIEHHE MOCTOSHHOW PEIICTKH BCeACTBHE d(QeKTa MOBEPXHOCTHOTO
HATSOKEHUS! B HAHOYACTUIIAX U

(iii) ocmabneHue  yNpyrux  KOHCTAHT  MEXATOMHOTO  B3aWMOJICUCTBUS,
O0OyCIIOBJICHHOE  MPHUCYTCTBUEM  3HAYUTEIBHOTO  YHUCJIAa HE  MOJHOCTBIO
KOOPJAMHUPOBAHHBIX TOBEPXHOCTHBIX ATOMOB.

[locnennuii 3¢pdeKT NPUBOAUT K CMATYEHUIO KOJIEOATEIbHBIX MOJ H
SBJSICTCSI, TO MHEHHIO aBTOpPOB pabotel [44], OCHOBHBEIM (haKTOpOM,
OTBETCTBEHHBIM 33 HU3KOYAaCTOTHBIN caBur nuka B criektpe KPC. Uro ke kacaercs
yliupeHus: (OHOHHOTO TMHKa, TO HE MEHee BaXHBIM sBiIseTcs AQeKT
aHrapmMoHm3ma. M3-3a Majoctu (B CpaBHEHMM C JUIMHOM CBOOOJHOTO
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mpo0era/KorepeHTHOCTH (POHOHA) KPUCTAJUTMYECKOTO 00BheMa, B KOTOPOM MOTYT
pacmpocTpaHsAThCs  KosebaTenbHble BO30yXIeHuss pemeTkd (pOHOHBI) B
HAHOYACTHUIIAX, u OTPEIETICHHOTO PazynopsiI04eHUs/CTPYKTYPHOM
HEOJHOPOJHOCTM Ha TMOBEPXHOCTH HAHOYACTHUIl, YCWUJIMBAETCA 3aTyXaHUE
KOJIeOaHUI U CBSI3aHHOE C HUM YyIIMpeHue (HoHOHHOro mnuka. Onpenenstomum
dbakTopoM 1 MOJMYIIUPUHBI (POHOHHOTO IMHKAa SIBISETCA HMMEHHO COCTOSHUE
TpaHUllbl pa3jielia HAaHOYACTHUIBI U OKpYKarollel cpeabl (MaTpHIlbl, pacTBOpa,
muranga). Tak, mia HaHowactul, CdSe, CcTaOMIM3HPOBAHHBIX MOJIEKYJIAMH
OPTaHUYECKOTO TMOJUMeEpa (KENaTUHBI), IPU IAacCUBAMU (IIOKPBITUH) UX
obonoukorr w3 gpyroro mnomymnpoBogHuka CdS wnmum ZnS — HaGmromanoch
cymectBeHHoe (10 50%) cyxenue nuka LO konebGanus sigpa. Jlanubiil 3ddext
OOBSCHSIICS KaK pe3ybTaT YMEHBIICHHS 3aTyXaHus ()OHOHOB s/ipa Ha TPAHUIIC
anpa, npu GopMHUpPOBaHUU UHTEpPeiica ¢ KECTKOU KPUCTALITUMYECKON CTPYKTYpOil,
o0ecreurBaronieil MOIHYI0 KOOPAHHAIIMIO MOBEPXHOCTHBIX aTOMOB, OJIM3KYIO MO
CUJIE CBS3M K aToMaM BHYTPH fAJipa. YMEHBIICHHE YacTOThl ONTHUYECKUX
KOJIeOaHU € YMEHBIIEHHEM pa3Mepa HAHOYACTHUI[ MOXET OBbITh CIEACTBUEM
YBETMYCHHS aMIUTUTY/IbI KOeOaHuii (Mpr)MOBEPXHOCTHBIX aTOMOB. OTMETHUM, YTO
XapaKkTep KOJeOaTeNbHOr0 CIEKTpa 3aMETHO OTIMYAaeTCsl UMEHHO IMpH pa3Mmepe
HaHoyactul 1.7 - 1.9 M, B To BpeMst kak PKPC cniektpsl HaHOUacTUL pazMepom 2
HM U 0OJblle COXpaHsoT (GopMmy, OJU3KYI0 K MAacCHBHBIM KpHCTajulaM. Takum
00pa3oM, YIIOMSHYThIE€ BbILIE SKCIEPUMEHTAIbHBIE U TEOPETHUECKUE PE3YIIbTaThl,
JAI0T OCHOBAHUSI MPEANoJiaraTh CyIECTBEHHYIO pOJb aHrapMOHK3Ma KOJIEOaHMUIA,
00YCJIOBIICHHOTO MPUCYTCTBUEM CYIIECTBEHHOM JOJIU MTOBEPXHOCTHBIX aTOMOB (10
50% B maHHBIX HaHOYACTHUIIAx), B ymupeHuu ¢oHoHHBIX MUkoB KPC. Xapaktep
cnekrpa KPC cymectBenno usmensiercs B HY ¢ x = 0.6, 0.8 u 1.0 (puc. 3.20).
[Tonoca ocHOBHOro KoieOaHusl (KOMIOHEHTHl JOMHHHUPYIOLIEH KOHIIEHTpalUU
CdS) 3ametrHo yxe, yeM mnosioca CdSe gna x = 0, 0.2 u 0.4, u ee cuBuwr,
OTHOCUTETFHO TIOJIOKEHUS B OOBEMHOM KPHUCTALIE COOTBETCTBYIOIIETO
KOMIIOHEHTHOTO COCTABA, HE3HAUMTEINICH - BCEro HECKONbKo cM . Habonaemsie

napameTpel nosiockl CdS CBUAETENBCTBYIOT O CYILECTBEHHO Oosee ciaabom
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IPOCTPAHCTBEHHOM OTPAaHMYEHUHN COOTBETCTBYMOMIEro konedanus (CdS). JanHoe
HAOJI0/IEHUE MOKET OBITh CBSI3aHO C PE30HAHCHBIM BO30YXKIECHHEM B MOCIEIHUX
Tpex oopasuax dpakuuu Oosnee kpynHbix HY, umeromux 6oJiee JITMHHOBOITHOBBIM
Kpail ONTHYECKOrO TOTJomeHus. JIeMCTBUTENhHO, B CIEKTpax 3ITHX OOpasloB
(puc. 3.20) 3ameTHBI cinadbie 0coOeHHOCTH ~ 440 - 460 HM, T.€. rOpa3I0 HUXKE MO
HPHEPIrUM OCHOBHOTO MAaKCHMyMa TOTJIOIIEHHS, COOTBETCTBYIOIIETO OCHOBHOMU
bpakuuu yiabTpaMallbIX HAHOYACTHI[ pasmMepoM 1.9 HM. OTu 0COOEHHOCTH C
OOJIBIIION BEPOSTHOCTHIO OOYCIIOBJICHBI HEOOMBION dpakiieli HaHOYaCTHIl OoJiee
KpynHoro pamepa (3 - 4 um). imenHno pe3zonanc Bo3Oyxnatoieit tuauu (442 HM)
C JaHHOW (¢pakuMed HTUX KPYMHBIX HAHOYACTHUI[ TPH OJHOBPEMECHHOM
0CJIa0JIeHUU pe30HaHCAa ¢ OCHOBHOW (hpakiveil yibTpaMalibIX HaHOYACTHII, Kpan
MOTJIONIEHUS KOTOPBIX YXOAUT OT pe3oHanca jjis X > 0.4 (puc. 3.20), 1 no3BojsieT

ATON HEMHOTOYMCIICHHONW (PpaKinK 1aBaTh JOMUHUpYIOMUMA BKIa B criekTp KPC.

Cd-Se Cds
o 4
@
= 1.0
& 2000
= 0.8
U -
S 0.6
=
& 1000 0.4
%]
= 0.2
-
x=0
0

100 200 300 400 1
CM

Puc. 3.20. Cnexrpsl koMOuMHaAIMOHHOTO paccestHus kowmouaubix HY CdSxSe. JlnuHa BOJIHBI

BO30OYxaeHUS 442 HM

CpaBHenue 3aBucuMocTu Mexy coctaBoM HYU CdS,Se;_(X) u nonoxenuem
nukoB LO CdS u LO CdSe (puc. 3.21), noaydeHHOU Npu BO3OYXJIECHUU JIIMHOU

BOJIHBI 458 HM, C JaHHBIMM JAPYT'MX aBTOPOB /I HAHOYACTHUILl TBEPJABIX PACTBOPOB
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[49], moka3bIBaE€T XOpOIlEEe COBMAJCHUE U CBUAECTEILCTBYET O BBHICOKOW CTENEHU
TOMOT€HHOCTH TBEPAOTO PAacTBOpPA B YJAbTPAMAJIbIX HAHOYACTHI], UCCIEAOBAHBIX B
naHHOM pabore. Ha pucyHke npuBeAeHbI CriaXUBalolue KpUBbie (KBaApaTUYHBIN

MOJIMHOM) JIJI1 HAHOKPUCTAJJIOB B CTEKJIE U B pacTBopax (fit).

215
CdSe MC [1]
210
205
"s C sol
(&)
200
CdSe NC glass [1]
195
190
0 0.2 0.4 0.6 0.8 1.0
KOHLeHTpauusi
305 CdS™C dglass [1]
295 | CdS NC sol.
"8
285 | CdS NC glass [
275
o) 0.2 0.4 0.6 0.8 1.0

KOHUeHTpauus

Puc. 3.21. CpaBraenue 3aBucuMoctu Mexay coctaBoM HY CdSiSe;_x(X)u mosoxeHneM MUKOB
LO CdS u LO CdSe, {1} —pabora [49] D. Bersani and P. P. Loticci, Phys. Stat. Sol. (b) 174, 575
(1992)
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Takum oOpa3zom, 1o pe3ynbratam wuccienoBanus crnekrpo KPC Ha
KoJjeOanusXx B yibTpamanbix (~1.9 HM) kommowmubix Hanodacturnax CdS,Se; .
O0OHApYKEHO CYIISCTBEHHOE OTIMYHME (OPMBI M CHEKTPAIBHOTO ITOJIO0KEHUS
OCHOBHOUW KoJiebaTenpHOW Tmoockl O (QoHOHA OTHOCHTENHHO HAHOYACTHIL

OombIIeTO pazmepa (> 2 HM).

BriBoabI Kk riaase 3.

1. [Ipu wuccnenoBanun cnektpoB KPC wu  «ropsiueit» IOMUHECLICHIIUU
HAHOOOBEKTOB (HAHOIMPOBOJOKH, KBAHTOBBIE TOYKM) HAa OCHOBE IMOJSPHBIX
nosynpoBogHukoB A2B6 (ZnSe, ZnTe, ZnO wu wuX TBEpAblE pPaCTBOPHI)
YCTAHOBJICHO, YTO «Topsyasi» JTIOMHHECIEHIIMS SBIISICTCS 00Jiee YyBCTBUTEIBHBIM

METOAOM IJIA UCCIACOOBAHNA OIITUYCCKUX (I)OHOHOB.

2. O6HapyxeHO mepepacnpenesieHne (M0 OTHOIICHHUIO K 00bEeMHOMY
MmaTepuany) uHTeHCHUBHOCTeH LO-(OHOHHBIX MOBTOPEHHMH B HAHOIPOBOJIOKAX
ZnSe, CBA3aHHOE C M3MEHEHHWEM UIMPHUHBI 3aMpPEIICHHON 30HBI H3-32 KBAaHTOBO-

pa3smepHoro b dexra.

3. [Ioka3aHO, 4TO B CIHEKTpax «roOpsAYE» JTIOMUHECUCHIIMA COOTHOUIECHUE
WHTCHCUBHOCTEH  CTOKCOBBIX U  AHTUCTOKCOBBIX JIMHUK  LO-hOoHOHHBIX
MOBTOPEHUM TpU BO3OYKICHHH BAQIA OT PpPE30HAHCA, TMOJYyYEeHHOE U3
AKCIEPUMEHTANIbHBIX JAHHBIX, HAaXOAUTCA B COMJIaCUUM C KIACCHYECKUM

BBIPAXKCHUEM, OIMMCBIBAIOINMM 3TO OTHOIHICHUEC B CIICKTPAaXx KPC.

4.  Tloka3zaHO, YTO NPU YMEHBUICHUM JUAMETpa KOJUIOUJHBIX HAHOYACTHIIL
CdSSe 10 2 HM IMHUH, COOTBETCTBYIOIINE MPOAOIHHBIM ONTUYECKUM (POHOHAM B
cnektpe pe3oHancHoro KPC, HauMHAIOT yIIUPATBCS U CIOBUTAThCA B

HU3KOYACTOTHYIO 00JIaCTh.
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5. [Toka3aHo, YyTO B HAHOMPOBOJOKAX YaCTOThl (DOHOHHBIX IMOBTOPEHHUH B
CIIEKTpax JIOMUHECUEHIIMU NPHU UX HAJIOKEHHHU Ha IMOJIOCY KPAeBOTO U3IIyYEHUS
MPETEPIICBAIOT CJIBUT, BEIMYWHA KOTOPOTO 3aBUCUT OT HOMepa (HOHOHHOTO
noBTOpeHust. ITOT 3 (PeKT 00BICHEH B3aUMOACHCTBUEM MPOIOJIbHBIX (DOHOHOB C

TCMHOBBIMH HOCUTCIIIMU 3apsaa.
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I'naBa 4.

Pesakcauusi Bo30y:KIeHUIl B MOJYNPOBOJHUKOBBIX CTPYKTYpax B

YCJI0BHUSAX B33HMOI{CﬁCTBHH.

4.1. IllpuMeHeHne KACKAAHOH MOJeJIM PaccessHUs BO30YKAEHHBIX 3JICEKTPOHOB

1JI51 cIeKTPOB cBepxpenieTok AlAs-GaAs.

B rmaBe 1 roBopmsioch 0 TOM, 4TO BO30YXKIEHUE H3IYyYECHUEM C DHEPIrHCH
KBaHTa CBETa OOJbllle, YEM UIMPUHA 3alpelieHHONM 30HbI IOJYNPOBOJHUKA
IPUBOJIUT K KACKAJHOMY ITPOLECCY PENAKCALMHU PEATBHOM AJIEKTPOH—ABIPOYHOU
mappl € ydyacTMEM  IpPOJOJBHBIX  ONTHYECKUX  KoiebaHuil  («ropsyas»
JIOMUHECIeHIMs). B HaHOMPOBOIOKAaX, KBAHTOBBIX TOYKaX THUIA AAPO-000JI0UKa,
CBEpXpeIlleTKax  MOTyT  oOHapyxuBaTbCsi  3(Q(EKTbl  TyHHETUPOBAHUS
BO30YKIEHHOI'O 3JIEKTPOHA, CBSI3aHHBIE C TEM, YTO pa3Mep M3y4yaeMoro oObeKTa
(sMbl U Oapbepa) comocTaBUM C bBOpoBckMM pagmycom 3ieKTpoHa. JlaHHBIN
IIPOLIECC TaK JKE€ MOXKET IIPOXOJWUTHh HA IIOBEPXHOCTH HAHOYACTULIBl WM B
BeLIECTBE OJMXKailliero okpyxeHus. [Ipeacrasisercs BaKHbIM U3y4E€HHE BONpPOCA
penakcanuy BO30YKJIEHHOTO 3JEKTPOHA B MOJYIPOBOJHUKOBBIX HAaHOCTPYKTYpax
YUUTBIBasi €0 TYHHEJIMPOBAHHME B CTPYKTPYpE HU3Yy4aeMoOro OOBEKTa WJIM B €ro

OKPYXCHHUH U KaCKa/ITHOCTb ITPOUCXOANICTO IIPHU 3TOM IIPOILCCCa.

Kak yxe oTmedanoch B JIMTEpaTypHOM 0030pe€, BOIMPOC, CBSI3aHHBIN C
nepemaadeii BO30OYKJICHWA B TMOJYNMPOBOJIHUKOBBIX CTPYKTYpaxX, HAXOMSIIUXCS B
YCJIOBUSIX B3aMMOJICMCTBUS, UCCeAoBajcs paHee. B pabdore [1] uccienoBanuch
TOHKHE IUICHKU ZnSe U CTPYKTYPHI, COCTOSIINE U3 CI0E€B KBAHTOBBIX siM ZnCdSe u
O6apeepoB ZnSe. IlokazaHo, 4ro HaOMIOJaEMbIE SKCIEPUMEHTAIBHBIC JTaHHBIC
ONKMCBHIBAIOTCA KaCKagHOW MOJEIbI0 PACCESIHUSI HJIIEKTPOHHO-IIBIPOYHON Maphbl

yepe3 LO-(oHOHBI M M3IydaTenpbHOM peKoMOMHAIMed Mmap B Ipolecce UuX
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TepMaIN3alliy, KorJa BO30YKICHHBINA JIEKTPOH, B3auMoaeucTBys ¢ LO-hoHOHOM
C HEKOTOPOW BEPOSITHOCTHIO, OT/IAET YacTh CBOEU SHEPTUU KOJICOAHUIO PEIIETKH.
OHeprus BO30YKJAIOLIET0 U3IYYEHHUs NpPEBbIIAa HMIMPUHY 3alpELICHHONW 30HBI
ZnCdSe (simMb1), HO ObLIa MEHbILIE HIMPUHBI 3aMpeleHHo 30HbI ZnSe (6apbepa). B
CIIEKTPax paccesHHs NPUCYTCTBOBAIM JIMHWM, OTBEYAIOIIME JIFOMUHECLICHLIUA
ambl, a Takke LO-dononam 6aprepa. Habmoaenue LO-hoOHOHHBIX MOBTOPEHUI B
MaTepuase 6apbepa MOXKET ObITh OOBSICHEHO U3 MPEANOI0KEHUS TYHHETUPOBAHUS
BOJIHOBOM (PYHKIIMM BO30Y>KJIEHHBIX AJIEKTPOHOB sIMbI B Oapbep. bblin npemyioxken
CIEIYIOMNA MEXaHW3M B3aMMOJCHCTBHS: MOTJIOMIEHUE BO30YKIAIOIIETO CBETA
KBAHTOBOM $IMOM, OOMEH 5Hepruei MexJy BO30YKIECHHBIMH DSJIEKTPOHAMU U
OappepoM U penakcauus Bo30yxknaeHus B cucreme uepe3 LO-poHOHHBIE
noBTOpeHHust B Oapbepe. UWCIEHHbIE pacyeTbl MOATBEPAWIN TNPOHUKHOBEHHE

«XBOCTOB» BOJIHOBOM (PYHKIIMM B MaTepuan 0apbepa.

B paGote [2] skcnepuMeHTaIbHO HCCIEAOBAIUCH CHEKTPhl PE30HAHCHOTO
KoMOMHannoHHoro paccesHus cseta (PKPC) kopoTkonmeproaHbIX CBEPXPEIIETOK

GaAs-AlAs, 6b111 3apeructpupoBansl npoueccbl PKPC no 4 nopsiaka (puc. 4.1).

L,

Lo,

L0, +L0,

L0+3L0,
210, +2L0,
LOy+2L0,
ZL0,+L0,
2L0,
210,

o
S
+

-
(=]
=1
L]

] ] N L | 1 J
1500 A 9,01‘1—1 1000 00 0

Puc. 4.1. Cnektp KOMOMHAIIMOHHOTO paccesHusi cBera cBepxpemerok AlAs-GaAs. LO; —

yactoTa nmpoaosnbHoro ¢ponona GaAs, LO, — gactora npomonpHoro hoHoHa AlAs [2].
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PaccMmoTpum pesynbTarhl, MoxydeHHbIE B 3T0il padote. [Ipu BO30OYyxkeHHU
Ja3epHbIM U3NMydyeHueM ¢ dHepruedl 2.163 5B  Bo3HHKaeT BO30yXIACHHAS
ANIEKTPOHHO-/IBIPOYHAS MMapa, Murpupyromas mno ceepxpemerke GaAs-AlAs. Ha
cnektpax HaOmonarorcs LO-(QoHOHHBIE MOBTOPEHHUS C YaCTOTaMH, KPaTHBIMU
gacToTaM mnpoAodbHbIX (GoHOHOB GaAs um AlAs. Kak BUIHO W3 CHEKTpPOB,
UHTEHCUBHOCTU NHUKOB (OHOHOB LOg,as M LOajas MO TOPSIKY BETUYHHBI
coBnanaT. CylmecTBYIOT JUHUM C cymMMmapHbIMH LO-QOHOHHBIMH YacTOTaMu

(LOgaas + LOAjAs)-

[IpounTepnpeTupyemM MOJYyYEHHBIE HKCIEPUMEHTAJbHBIE  PE3YyJbTAThl
pabotel [2]. HMcxons u3 KackagHOW MoJenu omnucaHus Habmomaembeix LO-
(OHOHHBIX MOBTOPEHUMN BO30YKJICHHBIN AIIEKTPOH C PAaBHON BEPOATHOCTHIO MOKET
U3JTy4aTesbHO PEKOMOMHUpPOBaTh Kak cioe AlAs, Tak u B cinoe GaAs. B ciyuae
pPaBHOM BEPOSITHOCTH PEKOMOMHAIIMM B PA3JIMYHBIX CJIOSX WMHTEHCUBHOCTH LO-
(OHOHHOTO MHKA T0JKHA OBITh OJJUHAKOBOM, YTO U HAOII0JAI0Ch B SKCIIEPUMEHTE
paboter [2]. PaccmorpuM cuTyaruio, KOrja IEPBOHAYAIBHO  AJICKTPOH
penakcupyet B GaAs. Jlanee, 31eKTpoH, oT1aB 4yacTh d3Hepruu LO-dhonony GaAs,
MOKET TOTJIOTUTHCS B TOM ke cioe GaAs ¢ BeposTHOCTHIO (.5, TM00 MOTIOTUTHCS
B cocenHeM cioe AlAs Takxke ¢ BepossTHOCTHIO (.5. AHAIOrM4YHO, SJIEKTPOH,
NEPBOHAYAJIbHO MOIJIOTUBLIMKCS cinoeM AlAs, Ha CHEAyIIIEM 3Tane MOMKET
penakcupoBaTh Kak B cioe GaAs, Tak u B cinoe AlAs. Takum 006pa3oM, Ha BTOPOM
JTarne KackaJaHoro Mpolecca BEpOsTHOCTh HA0m0AaTh cMelaHHy0 Moy LOgaas +
LOajas BABOE BhITIEe BepossTHOCTUA HAOMOMeHUs 2L.0Oguas B 2L O 4. DTO BUIHO U3
puc. 4.1 - cpaBauBasg unreHcuBHoctu nonoc (LO; + LO,) u 2LOy, 2LO, BugHO
3HAYUTEJILHOE MPEBbIIIEHUE MHTEHCUBHOCTH moJiockl (LO; + LO,). Paccmorpum
JTanbHEHIIee MOoBeAeHNUE BO30YXKIEHHOTO JJeKTpoHa. Ha TpeThem srtame ero
penakcanuu Ha crnektpe HaomomaroTcess MOAbl (2LOgaas + LOaias), (LOgaas +
2L.0ajas)s 3LOgGaas, 3LOaas- I3 criekTpa BUIHO, YTO MHTEHCHUBHOCTH Mpoliecca,

rae HaoOmomaroresd cmemanuble MOABI (2LOguas + LOajas), (LOgaas + 2LOA1as)
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Bbilie 3LOg,as. Te ke paccyxleHus BEpHbI JUIsl TPEThEro 3Tana JaHHOIO
KACKaJHOr0 MpOLEcca: BEPOSITHOCTh 3JIEKTPOHY pEIakCHpOBaTh 2 pas3a B CIOE
GaAs u onuH pa3 B cioe AlAs B Tpu pasza BbIII€ BEPOSITHOCTH TPEXKPATHOU
penakcauuu B cinoe GaAs. DTH pacCyKIeHUs YKa3blBAIOT HA TYHHEJIMPOBAaHUE
BO30Y>KJIEHHOT'O 3JIEKTPOHA 110 BceMy 00beMy uccieayeMol cTpyKTypsl. [Ipu aTom
MHTEHCUBHOCTh  JIAHHOTO  TIPOLIECCa MOKET OINMCHIBATHCS € TMOMOUIBIO

OMHOMUHANBHBIX KO3 dunmeHToB (TpeyroiapHuk [lackans) (puc. 4.2).

1 Puc. 4.2. Unmoctpamus oObICHEHHs] pactpenesieHuss HHTEHCUBHOCTEH
1 1 LO-¢boHOHHBIX TMOBTOPEHMI B  KAacKagHOW MOJEIH  «TOpsSYCii»
1 2 1 JJIOMUHECIICHIIUN

1 3 3 1

4.2. IlppuMeHeHre KACKATHOH MOJeJM PaccessHUs BO30YKAEHHBIX 3JICKTPOHOB

JJISI CIIEKTPOB HaHONPoBoJIoK ZnMgTe.

B nynkre 4.1 ananu3upoBaics ciayyald paccesHus BO30YKIarOIIEero
u3nnydeHus cBepxpemeTkoin AlAs-GaAs. OcoOeHHOCTsIMU 00paslia SBISIOTCS
MPOCTPAHCTBEHHOE YEpPEJOBAaHHE MAaTEpPUAJOB, a TaKXKEe paBHAsT BEPOSTHOCTH
B3aUMOJICUCTBUSL BO30Y)KICHHBIX JJIEKTPOHOB C TMPOJOJbHBIMU ONTHYECKUMHU

koneOannsamu kKak AlAs, Tak u GaAs.

[TonpoGyem paccMOTpeTh MPOLECChl, MPOUCXOMAMAIINE B HAHOIMPOBOJOKAX
TBEPABIX PACTBOPOB C YYETOM TOrO, YTO MPOLECC PACCESIHUS KaCKaIHBIN.
HanonpoBonoku Zn,_Mg,Te MeTogoM MOJEKYISIPHO-IyYeBOM 3SMUTAKCUUA Ha
nomoxkkax GaAs, opueHTupoBaHHbBIX 10 ocsam (100), (111). Ilompobuee o
TEXHOJIOTUH BbIpamiBaHus B [26]. CpenHuil quamerp HaHONPOBOJOK 30 HM,
nnuHa 1 MxM. B ciekTpax KBaHTOBBIX MPOBOJIOK Zn;_ Mg, Te npossnsitorca ZnTe-
u MgTe-nogo6usie LO-mMoab1, XapakTepHbie A o0beMHBIX 00pasunoB. Ha puc.

4.3 mpencTaBleHbl CIEKTPBI oOpasma Znp7sMgoosTe. Ha cnekrpax 4eTko BUIHBI
79



muauu  nipoponbHoro ZnTe-momo6uoro ¢douona (LO;), mpomonasHoro MgTe-
nono6Horo ¢orona (LO,), ux BTOphIe mopsaku, cymmapHbsie koiedbanus LO+LO,,

2LO 1+L02.

ZnU.?MgD.BTe
A =488nm

ex

HHTEHCHBHOCTE, OTH. 1.

LO 2|_c;.1LO1+LO2 2LO,

250 500 750
cM~

Puc. 4.3. CnexTpsl BTOpUYHOTO W3Ty4YEHUsI 00pa3loB, COAEpKAIIKUX HaHONPoBoJIoOKH ZnMgTe.

B  obmem Buzme  BO30yXIEHHas  AJIEKTPOHHO-ABIpOYHAs  Hapa
B3aumozeiicteyer ¢ LO; u LO, ¢oHOHamMum Ha nepBOM 3Tale pejaakcaluuu c
BEPOATHOCTAMMU T U (1-r). UHTEHCUBHOCTH MMKOB, COOTBETCTBYIOIUX MPOAOJIbHBIM
(oHOHAM, IMPONOPLMOHAIBHA BEPOSATHOCTU B3auMoaelcTus. Ha BTopoMm srtame
BeposiTHOCTH cienytoue 17, 2r(1-r), (1-r)> , Ipu 3TOM BTOpOil WIEH OTBEYaeT
BEPOATHOCTH B3aUMOJIEUCTBUS BO30YKJIEHHOW 3JIEKTPOHHO-IBIPOYHON Maphl C
ModTanHo ¢ JByMsi ¢oHOHaMH, OTHOocamuUMHUc K ZnTe- m MgTe-nogoOHbIM
Moaam (puc. 4.4). BepossTHOCTH B3aUMOJEHCTBUS HA TPETHEM 3Talle KAaCKaJIHOIO
npolecca mnpeacraBieHsl 4-oi cTpokoil puc. 4.4. OTHOUIEHUE BEPOATHOCTEH Ha
nepBOM JTame KackagHoro mpouecca r/(1-r). Hopmupyem BeposTHOCTH
penakcanud BO30YKIEHHBIX JJEKTPOHOB Ha CJEIYIOIIEM JTare KacKaaHOro
npoluecca Ha (l—r)z. [Tonyyum crenyrooue 3HAYCHUS: r2/(1—r)2, 2r/(1-r), 1.

VYuuteiBasg TOT ()akT, 4TO BEPOSTHOCTh PENaKCalliu BO30YXICHHBIX AJIEKTPOHOB
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ONIPENEISIET UHTEHCUBHOCTD MK, COOTBETCTBYIOLIETO MPOAOJIBHBIM ONTHYECKUM
(oHOHAM WM WX MOBTOPEHHUSAM U3 MOJIYYCHHBIX HOPMHPOBAHHBIX BEPOSTHOCTEH,

MOXHO CACJIaTh 3aKIOYCHHUEC O COOTHOIICHUN MHTCHCUBHOCTEH MHKOB 2LOI,

2L.0,, LO1+LO,. Buzno, uto [(LO+L0,)=2VI(2LO,) (tab. 4.1).

((1-r)+r)
r (1-r)

rt 2r(1-r) (1-r)?

3 3r2 (1-r) 3r(1—r)2 (l—r)3

Puc. 4.4. Unmroctpanys COOTHOLICHUS HWHTEHCUBHOCTH NHUKOB paznuuHbix LO-(hoHOHOB Ha

PA3HBIX 3TAallax KaCKaaHOro nponuecca

[Tpoananu3upyemM CHEKTPbl BTOPHUYHOTO H3IY4YEHHs OO0pa3loB, COJEpKaIINX
HAHOIIPOBOJIOKU Zny;Mgy3Te. Bo30yxiaeHue co3maBajioch Jla3epoM C JJIMHOU
BosiHbl 488 HM. [Ipum komuatHO# Temmeparype B obnactu 2L.O; — 2LO, nuku
NOMAaJaloT B  00JacTh BJEKTPOHHOTO IMEpPEeXoja, KOTOpPbIM, YBEIMYHUBAET
UHTEHCUBHOCTh LO-QoHOHHBIX MOBTOpeHUH. TOT ke CHeKkTp 3aperucTprupoBaH
IIpU a30THOM TEMIEpaType, AJi TOTO YTOOBI TIOMUHECHEHIINS OKa3bIBaJla MEHBIIIEE
BJIMSIHUE HA HMHTEHCUBHOCTh LO-(OHOHHBIX mosoc. B naHHOM ciyuyae JMHHUH,
cootBeTcTByOmUKe LO-poHOHAM, HUPOKHE, TOATOMY pacCMaTPUBAIOTCS TUIOMIAIN
IO/l COOTBETCTBYIOIIMMHU KpUBBIMHU. [[J1s1 CpaBHEHHsI BEpPOSATHOCTEW paccesHUs
IPOM3BENEHO pa3lieleHue KOHTypoB. B Tabmmue 4.1 mpencraBieHO pacueTHOE
OTHOILIEHUE BEPOATHOCTEM M IOJYYEHHOW M3 JKCIepuMeHTa. BuaHo xoporiiee
COBIIAJICHUE.
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350 400 450 500 550
Wavenumber (cm-1)

1= Log-Nrm (393.4,91,128,38.359,1.1727) 2= Log-Nm (404.33,740.05,0.4226,80108) 3= Log-Nrm (476.65,270.85,21.825,65965)

4= Log-Nrm (548.99,31.616,29.29, 40773) 5= Linear (120.71,.038451)

Puc. 4.5. Pa3noxeHue KOHTYPOB CIEKTpa BTOPHUYHOIO H3JIydeHHs] OOpa3loB, COJEpIKAIIUX

HAHOTMIPOBOJIOKH Zng ;Mg sTe mpu TemmepaType *Kuakoro azora B obmactu 350-600 em!

B Tabmuue 4.1 npeactaBieHO pacueTHOE OTHOIIEHHE BEPOSITHOCTEH W

IIOJIyYE€HHOU M3 JKCIIEpUMEHTa. BUIHO Xopoliee COBIaICHUE.

Tao0n. 4.1

MUK I [(LO1+LO2)[[(2LO2)npoBepka
I(2LO1)

OtHomieane |1 2*1r/(1-1) I2/(1- (LO1+L02)=2*\I(2LO2)

BEPOSITHOCTEM fr)2

MJI0111a/1b 8040 [5507 886

OtHomenue |1 0.685 0.11 2#V0.11 = 0.663
BEPOSITHOCTEU

(3KCIEPUMEHT)
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4.3. IlpumMeHeHHe KaCKaJAHOM MOJeJIM PaccessHUs BO30YKAEHHBIX JICEKTPOHOB

JJISl CIIEKTPOB HAHONMPOBOJIOK ZnMnTe.

Hanonposonoku ZnMnTe BbIpaminBaivch METOJIOM MOJIEKYJISIPHO-TY4E€BOU
SNUTAKCUU, AHAJIOTMYHO ONHCaHHOMY B riaBe 2. CpeaHuidl auamerp

HCCIIeIOBAaHHBIX HAaHOMPOBOJIOK 30 HM, jyrHa 1-2 MkM (puc. 4.6).

Puc. 4.6. SEM-u3o0paxkeHue ucciemyemMbix Zng¢sMng 3sTe HaHOmpoBOIOK [S51].

CnexTpbl BTOPUYHOIO H3IYUYEHHS] PETUCTPUPOBAIUCH MPU KOMHATHOW U
a3oTHOI Temneparypax. Ha puc. 4.7. npuBeaeHbl CIEKTPbl ABYX 00pa3loB Zn;.

Mn,Te ¢ x=0.24 u 0.49 npu a30THOM TeMmeparype.

Zn) _xMn,Te

LO,

LO»

HHTEHCHCHOCTE, OTH.€]I.

/JL x=0.24

300 500 700 n-l

Puc. 4.7. CnexkpTbl BTOPUYHOTO U3TyYSHHS 00pa3IoB, COJEPKaIIIX HaHOMPOoBOJIokH ZnMnTe.

Ha cnektpe BuaHbl JBe moBTOpsitomiyecss moJsiockl. OpgHa WHTEHCHBHAS,
BTOpasi CYIIECTBEHHO MEHBIIE IO WHTEHCUBHOCTH. YacTOThl ATHUX TMOJOC
-1 -1
coctaBiaioT: ~LO; - 215cm 1 ~LO; — 190cm™ . YacTOoTHI TOIOC MEHSIOTCS C
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KOHIEHTPALMEW M TOJHOCTBIO COOTBETCTBYIOT 3aBUCUMOCTH YacTOT OT X IS
cucteMbl Zn; Mn,Te [52], xoTopas Tak >xe ObUla TOJy4YeHAa TpPHU a30THOU
temneparype (Puc. 4.8). DTo THUNMYHOE ABYXMOJOBOE MoBeaeHue [53], 1o
Kpaiinen mepe, 1yt koHteHnTparuil 0.1<x<0.7, Kkyna momanaroT Bce Hamu 00pasiibl
HaHompoBoOK Zn; Mn,Te. Takum o6pazom, LO; moamy cieayeT OTHECTH K
«MnTe nono6Hoi» mMozae, a LO, Mony cieayer otHecTH K «ZnTe momoOHOM»

MOJC.

[Ipu pe3onancHoM BO30OYXIeHMH Tak ke HaOmomaercs 3¢dekr LO-
¢ononHoro moBTOpeHus. B pabore [54] ObUIO MOKa3aHO, 4YTO YAaCTOTHOE
nojoxenne LO-(pOHOHHBIX MOBTOPEHHI XOpOLIO OMHCHIBaeTcs (HOpMyIOi s
BBICOKOYACTOTHOM TOJIOCHI - NVio; M Ui HU3KOYACTOTHOW IMOJOCHI - Vpop+(n-
1)Vio;. Eme omHO  OCOOEGHHOCTBIO  CIEKTPOB  SIBIISIETCS  yBEJIIMYCHHE
OTHOCUTEJIbHOM HWHTEHCHUBHOCTHM HHU3KOYACTOTHOM TIOJOCHI K WMHTEHCHBHOCTH

BBICOKOYACTOTHOM ¢ yBennueHuem n (Puc.4.9).

220

200
Puc. 4.8. YacroTHas 3aBUCHMOCTh 3HA4YCHHH (HOHOHHBIX

MUKOB OT KOHIIEHTpauuu s Zn; xMnyTe.

180

160 Zny_ Mn,Te

1.0 08 06 0402 0.0

\Lo,

2L0,
3L0,

Puc. 4.9. ComocraBieHyue WHTEHCUBHOCTEH ITHKOB

nLO-(pOHOHHBIX TOBTOPEHMIA AJIs1 pa3HOTO HOMEpa n

HHTCHCIIEHOCTE, OTH. €.

175 200 225 250 gpp-1
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[Ipoananu3upyem NONYYEHHBIE JKCIEPUMEHTAIBHBIE TAHHBIE, HUCIIOJb3YS
MPEIINONIOKEHNE O KACKaJHOCTU TMpolecca paccesHus. Ha mnepBom 3rame
najaronee M3aydyeHue BO30YXKIAeT JJIEKTPOHHO-ABIPOUHYI0 Tapy (Oynem
paccMaTpuBaTh Tapbl, KOTOpble OyayT B3aumojeicTtBoBaTth ¢ LO-dhoHOHAMM).
Jlanee ¢ BEpOATHOCTBHIO T Mapa B3auMMOJEHUCTBYeT ¢ «ZnTe momoOHOW» MO0,
yMEHbIIasi CBOIO 3Hepruto Ha BennuuHy LO, umu ¢ «MnTe nopobHoi» Momoi ¢
BeposATHOCTBIO (1 - 1), yMeHbInasi cBOIW H3Hepruto Ha BenuuuHy LO; bynem
CUMTATh, YTO YaCTh IIPOB3AUMOJECUCTBYIOLIUX IAp C OAMHAKOBOU BEPOSTHOCTHIO
MOTYT (hOTOpeNaKCHpPOBaTh. TOTIa B CIEKTPE MPOSIBATCS JIBE TIOJIOCHI C YaCTOTAMHU

LO, u LO;. OrtHomeHne UHTEHCUBHOCTEH 3TUX MOJ0C OyaeT MpONOpPIHOHATIBHO

Loz Iwon = t/(1-1).

Ha BTOpoM »3Tame npoMCXOAUT aHANOTW4HBIN mponecc. Ilpu 3TOM, Kak
AJIEKTPOH JBIPOYHbIE Maphl, MoTepsBIIKe dHepruto LO,, Tak U mapbl NOTEPSBIINE
sHepruto LO; OyayT ¢ BeposSTHOCTBIO I B3auMoaeicTBoBaTh ¢ LO,-poHOHAMY U C
BeposiTHOCThIO (1-1) B3ammonaeiictBoBath ¢ LO;-ononamu. IIpocToit momcuer
MOKA3bIBAET, YTO B CHEKTPE JOJKHBI MPOSABUTHCS TPU MOJIOCH ¢ yacTotamu 2L.Oy;
LO+ LO, u 2LO,. Ilpuyem, uX HHTEHCUBHOCTH OYyIyT MIPOMNOPIHUOHATHHBI
COOTBETCTBEHHO (l—r)z, 2r(1-r) wu . B o0Omem Bume K02 PUIIUEHTBI
MPONOPLHUOHAIIBHOCTH MHTEHCUBHOCTH TMOJIOC JJIA N-TO ATana paccesHUs MOKHO
H0ay4nTh U3 pasioxkenus ((1-r)+r)" (puc. 4.7). Tak 11 TPETHErO dTala PaccesHuUs
JOJKHBI IPOSBUTHCS YeThIpe moJiockl ¢ yactrotamu 31Oy, 2LO+ LO,, LO+ 21O,
¥ 3L0,, ¥ X MHTEHCUBHOCTH OyIyT MPOIOPIHOHAIEHBI COOTBETCTBEHHO - (1-1)’;

3(1-r)°r; 3(1-0)r” u r (puc.4.4).

Ecau r Mano, To moJioCkl, T/ie MHTEHCUBHOCTh MPOMOPIIMOHATbHA U OombIIeMy
MOKa3aTeJl0 CTETEHU, MOTYT BOOOIIE HE TMPOSBIATLCA B criekTpe. OTHOIIEHUE
MHTEHCUBHOCTEH M0JI0C Ha BTOPOM 3Tane paccesaHus 0yaer I oi+Loz/leror = 2r(1-
1)/( l—r)2 = 2r/(1-r), T.e. B IBa pa3a OoJibllle, YeM Ha MEPBOM dTare paccesHus. J{is
TPEThEro 3Tama paccesHus 3To oTHouieHue Oyner - IororLoz/laLon = 3r(1-r)2/(1-
r)’ = 3r/(1-r), COOTBETCTBEHHO B TpU pa3a OoJibllle, YeM Ha MEPBOM JTare
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paccesiaus. [loykomyecTBEHHAsI OLIEHKA OTHOIIEHU HMHTEHCUBHOCTEU JIMHUM HA
pa3HBIX JTAlax paccesHUs MOITy4eHHas U3 CeKTpoB Ha Puc. 4.4 naer - I oo/ILon)
= 0078, I(L01+L02)/I(2L01) = 018, I(2LOl+L02)/I(3L01) = 032, M HaxXoauTCA B Pa3yMHOM

COOTBCTCTBHHU C IPEACKA3aHHLIM ITOBCACHHUCM.

Takum 006pa3oM, 3KCHEPUMEHTAIBHO MOATBEP)KIACTCS, YTO U B Clydyae
paccesnust Ha LO-poHoHax B TBepAbIX pacTBopax ZnMnTe u mpoBosokax Ha UX
OCHOBE TMpoIlecC SBISETCS KackagHbiM. B o0mem Buae Kko3hdULIHMEHTHI
IPOMOPIUOHATIEHOCTY MHTEHCUBHOCTHU TOJIOC AJISl N-TO 3Tara paccesHusi MOXKHO

HOJIY4uTh U3 paznoxenus ((1-r)+r)".

4.3. Ananu3 pejJakcaluM BO30YKAAOLIEro M3JYy4YeHHSI B  CIEKTpax

HAHOMPOBOJIOK sAApo/0do10uka ZnTe/ZnSe.

B nannoii paboTe uccleqoBalMCh ONTUYECKHUE CBOMCTBAa HAHOIPOBOJIOK,
LEHTpajbHasl YacThb KOTOPBIX COCTOsJIa U3 OJHOIO BELIECTBA, a €€ MOBEPXHOCTH
COCTOSUIa U3 JIPYroro BeuiecTa. J[aHHbIE HAHOPOBOJIOKU OBLTU TAK)KE MOTYUYECHBI
METOJIOM MOJIEKYJIIPHO-TYUYEBOM 3MUTAKCUH, UX cpelHul quamerp ~40 HM, JIMHA

~1 MkM (puc. 4.10).

HccnenoBanruch HAHOMIPOBOJIOKH, LIEHTPAJIbHAS YaCTh KOTOPBIX COCTOUT M3
ZnTe, xoropas okpyxeHa cioeM ZnSe. HWcciaenoBaimch MOpoOsSIBICHUS
B3aUMOJECUCTBUSA LEHTPAIBHON YAaCTH MPOBOJIOKHA U €€ OKPYKEHHUSI B ONITHYECKUX

CBOMCTBax HaHOITPOBOJIOK.
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Pa1=6094 nm

Mag= 15000 K X 100 nm" ’ﬂ - EHT = &00 kv Signal A= InLens  +' = Ui Date 15 Jul 2041 Neen 403596

Lt bl X A N L jr_ £ YD = 0.8 mm Signal B = InL=ns System Yacuum = 4.03s D06 mbar

Puc. 4.10. U306paxxenne SEM HanompoBoiiok siyipo/obosiouka ZnTe/ZnSe

Ha puc. 4.11 comnocrtaBiaeHbl MOJYYEHHBIE CHEKTPBl IS Pa3Iu4HbIX
UCCIENOBaHHBIX o0pasnoB (ZnSe, ZnTe wu ZnTe/ZnSe snapo/oGonouka
HAHOIIPOBOJIOKM) TMPU Pa3JIMUYHBIX SHEPrUSX BO30YXKAAIOLIEIO H3JIyYEHUS.
[IpencraBneHHbIE CHEKTPbl KAaYeCTBEHHO OBUIM HOPMHUPOBAHBI MO JMHUSM
ocraroyHoro Te u paspsaaHbIM JUHUSAM. CHEKTpbl OPU KaXKI0M IJIMHE BOJIHBI

CHUMAaJIMCh B OJHOM 3KCIICPUMCHTAJIbHOM HUKJIC C OAMHAKOBBIMHU YCIIOBUAMM.
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J 1.
= |} =
ZnSe i ZnTelZnSe . ZnTe
> | )
b | =
| -y | 8
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[ .|| I -]
E rrllI ll'\ :E
457.9nm IR S
465.8n A T . S ] o
47270 ' i WA | Sy 0
488.0nm x — i R
514.5nm . : . : :
150 250  em-1 150 250 em-1 150 250 em-1

Puc. 4.11. ConocraBneHue CeKTpoB KOMOWHAIIMOHHOTO paccesHusi csera Uit ZnSe, ZnTe u

ZnTe/ZnSe core/shall HanHOTIPOBOJIOK.

DHeprusi BO30YXXIAWOIIUX JHUHUM ¢ JUiMHOM BoJiHBI 514.5, 488 HM
MPEBBIIIACT MIHUPUHY 3anpemieHHon 30Hbl ZnTe, mostomy cnektpel ZnTe
HAHOIIPOBOJIOK HOCST PE30HAHCHBIM XapakTep, BUAHBI MUKHU, COOTBETCTBYIOLIUE
npoaoJbHBIM KoJiebanusm ZnTe (mpaBas yacte puc. 4.11). Ilpu stom nukw,
cootBercTByromue LO-poronam ZnSe B 6€3000109€UHBIX HAHOMPOBOJIOKAX ZnSe
B CIIEKTPE HE MPUCYTCTBYIOT, T.K. JIaHHAsl dHEPIrUsi BO30YKIAIOIIETO H3Ty4YEHUS
HaxXOJUTCA B 30HE MPO3padyHOCTH ZnSe. DHeprus BO30OYXKAAIOUIMX JIUHUN C
JUTMHOU BOJHBI 457.9, 465.8 HM HaXOAATCS BONHM3W IMIUPHUHBI 3aMPEIIEHHON 30HBI
ZnSe. Ha cnektpe (neBas yacth puc. 4.11) nposBiastoTCs MUKU, COOTBETCTBYIOIINE
MIPOJIOJIBHBIM KOJIeOaHUsIM ZnSe, MMKOB COOTBETCTBYIOIMIUX ONTHYECKUM (DOHOHAM

ZnTe B 6e3000109e4YHBIX HAHOMIPOBOJIOKAaX ZnTe He 0OHAPYKUITOCH.

Paccmotpum cutyanuto ZnTe/ZnSe sanpo/obonouka HaHOmpoBoJioku. [lpu
BO3OYXXJeHUM JUIMHaMu BojH 465.8, 4727, 4579 uM, ABISIOMKUMUCS
PE30HaHCHBIMU Ui ZnSe Ha CIEKTPE NPOsBIAIOTCSA MUKH, cCOOTBETCTBYIOLME LO-
¢ononam ZnTe, mpu 3TOM B HaHONPOBOJOKax ZnTe Mpu MaHHBIX YCIOBHIX

B036Y)KI[CHI/I}I CUrHajia HEC Ha6J'IIO,Z[aJ'IOCB. 3,[[605 CTOUT OrOBOPUTHCA O TOM, 4YTO
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JAHHBIE  PACCYXICHMUS  SBIFAIOTCS  JIMIIb  KAYECTBEHHBIMH, CpPaBHUBATh
VHTEHCUBHOCTH PAa3JIMYHBbIX CIEKTPOB SIBIACTCA 3aTPYJIHUTEIBHOW 3aJadeld B
KOMOMHAITMOHHOM pAacCesiHUM CBeTa. TeM He MeEHee, MPOBOJAS KaueCTBEHHBIC
pacCyXJeHus, KOTOpble MOIJIM OBl  OOBSCHUTH TPOSBICHHE  IHUKOB,
coorBeTcTByOmMX LO-poHoHam ZnTe, MOXHO MNPEAJIOXKUTh CIAETYIOUTAN
MexaHu3M. BomaHoBOW (yHKIMS BO30YXIEHHOTO OJJICKTPOHA W3 Marepuala
obonoukn 7ZnSe, &I KOTOPOW MaHHBIE YCIOBUS BO30YKICHUS SBISIFOTCS
PE30HAHCHBIMU, TYHHEIUpYeT B Mmatepuan siapa ZnTe. Takum obpasom, B ZnTe
BO3HHMKAET JIOMOJIHUTEIBHBIM KaHam BO30YKICHHs, BHOCSIIUN BKJIaaA B
unteHcuBHOCTh  cnektpa KPC. TlosiBneHue  NOHMKOB, COOTBETCTBYIOIIMX
MPOJIOJBLHBIM ONTHYECKUM (DOHOHaM ZnSe npu Bo30YKICHUHU, HAXOISIIEMCS HUKE
Kpas 30HbI ZnSe (472.7 um, 488 HM, 514.5 HM) MOXET OBITH OOBSICHEHO
TYHHEJIMPOBAHUEM XBOCTOB BOJHOBON (YHKIMH BO30YXKJICHHBIX D3JICKTPOHOB

ZnTe.

BeiBoabl k ri1aBe 4.

UccnenoBanuck cnekTpbl LO-QOHOHHBIX TOBTOpPEHHMI B HAHOMPOBOJOKAX —
cepenuHa npoBosioku ZnTe, obojouka — ZnSe, a Tak K€ HEHONPOBOJOKU Ha
ocHOBe TBepabIX pacTtBopoB ZnMnTe, ZnMgTe. OOnapyxen sddexkr obdmeHa

B036Y)KI[CHHBIX COCTOSIHUU B HaHOIIPOBOJIOKAX.

1. Uccnenosano nosenenne LO-PpOHOHHBIX MOBTOPEHUI HAHOMPOBOJIOK TBEPAOTO
pactBopa ZnMnTe, cormacymomeecs ¢ NOPEIIOKEHHOW KaCKagHOM MOJIEIBIO

pacCeiaHunAa B036y}K,Z[CHHBIX 9JICKTPOHOB

2. IlpennoxeHa OCHOBAaHHAsI HA KaCKaJHOM MEXaHU3ME UCIYCKaHUs ONTHYECKHX
(hOHOHOB BEPOSATHOCTHASI MOJIENb JIJIsl ONIMCAHUS OTHOLIEHUsI MHTeHCUBHOCTEH LO-
(OHOHHBIX TOBTOPEHUIl C DJHEPrUsIMH, 3aMETHO NPEBBHIIIAIOIIUMU [UPUHY
3aIPEIICHHON 30HbI, XOPOIIO OINKCBIBAOLIAS II0JYyYEHHBIE DKCIIEPUMEHTAJIbHBIC

JaHHBIE U PE3YNbTAThI IPYTUX paboT MO «ropsYeil» JIOMUHECIICHIINH.
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3. OOHapyXeHO, 4YTO MNpu BO3OYKIEHUH SOpa B CTPYKTypax HaHOMPOBOJIOK
anpo/obonouka ZnTe/ZnSe HabnrogaeTcs BTOPUYHOE M3IYUYCHHUE C UCIYCKaHHEM
IPOJOJIbHBIX ONTUYECKHX (OHOHOB Kak s1apa, Tak U oOosouku. [IpossreHue
(OHOHOB 00OJIOYKH CBS3aHO C MPOHUKHOBEHHEM BOJHOBOH (DYHKIIMH 3JIEKTPOHOB

B INOTEHIMAIBHBIN Oapbep (B 000JI0UKY).
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I'maBa 5.

IIposiBiieHne B3aUMO/IECTBHSA B 2JIMa3010I00HBIX CTPYKTYpax.

5.1. JlioMuHecuUeHIIUSI HAHOAJIMAa30B ¢ G(U3NYeCKH aJCOPOHPOBAHHBIMU

0eJIKOBBLIMH MOJICKYJIAaMH HA MIOBCPXHOCTH.

B rnaBe 4 roBopusioch O MEPEHOCE IHEPTrUU BO30OYKIEHHOTO 3JEKTPOHA B
MaTepuan OJrKalIiero OKpyKeHHsA. MBI HcCCleloBalId Cllydaid HaHOMPOBOJIOK
anpo/obonmouka  ZnTe/ZnSe.  DKcnepUMEHTaIbHO  OOHAPYXKEHO  BIIUSHHE
OnmKaiIero okpykeHus (000709ku ZnSe) Ha ONTHYECKUE CBOMCTBA M3Y4aeMBbIX
HaHOIIPOBOJIOK, MPOSIBJSIOIIMECS B CIEKTPAaX BTOPUYHOIO CBEUCHHS (Tpsyeci

JIFOMUHECICHIINH ).

[Tpumepom pyroii cucTeMsl, I/1€ HaIUUKUE OJIMKANIIET0 OKPY>KEHUS BIUSIET
Ha ONTHYECKHUE CBOMCTBA KOMIIO3UTHBIX CTPYKTYD, SIBIISIETCS CUCTEMA «HAHOAIMA3
+ Ouonornueckas Mojekyna». B pabore [6] uccnemoBanvch HaHOanMasbl, Ha
KOTOpbIE HAHOCWJIMCh MOJIEKYJbl Ju3onuma. Hamuume Mosekyssl JM3onuMa Ha
MOBEPXHOCTH HAHOAIMa3a M3MEHSIO CHEKTP (DOTOMOMUHECHEHIIMN HaHOAJIMa3a,
XOTs MEXy MOJIEKYJIaMU U HaHOAJIMAa30M MPOUCXOoauIa (hru3nueckas aacopouus,
a caM JIM30LUM He o0najgaeT COOCTBEHHOHN IroMUHECHeHuMed. B crektpe
JIOMHUHECLICHIIMM TOSBISAIACh JONOJHUTENbHAS I0J0CA, CABUHYTAasl B CTOPOHY
MEHBIIIMX SHEPrui. Bel1 TpemiokeH clHeayromuidi MeXaHU3M, OOBSCHSIOUIUN
HaOmoaeMble  3KcrepuMeHTanbHble  (akThl. [loBepxHOCTh anmasza Bcernaa
COJICP)KUT TPAPUTONONOOHBIE HAHOYACTHUIIBI. DTH YaCTUIBl MOTJIOMIAIOT KBAHT
CBETa U pOXKAaeTcs BO30YKIEHHBIN 1EKTPOH. Eciau pa3mep 3TUX YacTHI] CpPaBHUM
WIM MEHbIIE BOJHOBOM (yHKUIMEH BO30YKIEHHOTO 3JEKTPOHA, TO SJIEKTPOH
MO’KET IEPEUTH B MaTepHall OJamKalIero okpykKeHus: B 00beM HaHOAIMa3a Win B

OMOJIOTUYECKYIO MOJIEKYJTy. Eciiu a7eKTpoH nmepexoauT B 00beM HaHOajIMasa, TO
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€ro SHEPrusi paBHA SHEPTUU BO3OYKICHHBIX AJIEKTPOHOB BO30YKIECHHBIX CBETOM
BHYTpM aliMa3a M BHUJ CIEKTpa JIOMUHECICHIMH OyAeT oauHakoB. B ciyudae
TYHHEJIMPOBAHUSA JIEKTPOHA B OMOJIOTMYECKYIO MOJIEKYJTY BO3MOKHO MOTJIOIIEHHE
YaCTU DHEPIrUU dBJEKTPOHA NPH COBHAJACHUM €r0 SHEPIHMH C IHEPreTUYECKUMHU
YPOBHSIMU MOJIeKyJibl. B pabote [6] Obu10 MOKa3aHO, YTO MPOTEHMHOBBIE MOJIEKYIIbI
HE 00J1a]atl0T COOCTBEHHOM JIIOMHHECIICHIIMEN MPU MCIIOJIb3YyEMbIX JIJIMHAX BOJIH.
Jlanee SIEKTPOH ¢ MEHBIIEH SHEPTrUeH (IOCie B3auMOJICUCTBHUS C OMOJIOTHYECKOM
MOJIEKYJIOM) MOET TYHHENIMPOBaTh B HaHOAIMa3 M PEJAKCUPOBATh Taw,
BO30yKasi (OTOTIOMUHECIICHIINIO, TIPH MEHbILENH SHEPTUu BO30yxaAeHUsA. Takum
o0pa3oMm, Ha JTIOMHUHECIIEHTHBIX CIIEKTpax OyAeT HaOI0aaThCsl M3MEHEHNE (POpMBbI
Y CMEILIEHHE JTFOMUHECLIEHIIUN UCCIEAYEMOM CUCTEMBI: Ha JIIOMUHECLIEHTHBIN MUK
HaHOaIMa3a OyJeT HaKJIaJbIBaThCs JTIOMUHECIICHTHBIN MUK HaHOAIMa3a MEHbIIEH
DHEPI'UM, MOJYYEHHBI B PE3YJNbTATE PEJIAKCALMMU SJIEKTPOHOB, HEPAIWALMOHHO
OT/ABIIMX YacTb CBOEH DHHEPruM OHUOJOTUYECKOM MOJIEKyJe. DHeprus,
COOTBETCTBYIOIIAsl ~ CIBHUIY  JIOMUHECUEHTHOTO  TNHMKa,  XapaKTEpU3YyeT

HYHEPreTUYECKUE YPOBHU HAHECEHHOW OMOJIOTUUECKOW MOJIEKYJIbI.

[Tpu ucnosib30BaHUU MEXaHU3Ma, OMMCAHHOTO B paboTe [6], 0OBICHSIONIETO
U3MCHCHUE ONTHYCCKMX CBOWCTB CHCTEM, HaXOIANIUXCSI B  YCIOBHAX
B3aUMOJCHCTBUS  («HaHOaidMa3  +  OWojormueckas  MOJIEKyJa»),  HET
NPUHITMIIHAIBHOTO OTPAaHWYCHHMS Ha pa3Mep HCCIeIyeMOr CTPYKTYpBl, Ha
KOTOPYIO HAHOCSTCA Owojornyeckre MOeKysibl. COTJacHO MPEIIOKECHHOMY
MEXaHU3MY ONTHYECKHE CBOWCTBA HAHOAIMA30B B MPUCYTCTBUU OMOJIOTHYECKON
MOJICKYJIbI JIOJDKHBI MEHSTBCS JIUIS JTFOOBIX pa3MepoOB HaHOAIMa30B. KpuTtudeckum
SIBJISICTCSI COCTOSIHME UX MOBEPXHOCTH (HATU4He TpaUTH3NPOBAHHBIX KIACTEPOB).
Hannmure ancopOMpOBaHHONW MOJIEKYJBI JIM30IMMa BO3JIe TpadUTH3UPOBAHHOTO
KJlacTepa MOXET HW3MCHHUTh YCIOBHE BO30YKJICHHMS HaHoalMas3a H3-3a
B3aMMOJICUCTBHUS OMOJIOTUYECKOW MOJIEKYJIBl C BO30OYXICHHBIMH JJICKTPOHAMU
kiactepa rpadura. B pesynpraTe wm3MeHseTcs BUI  (POTOIFOMUHECHCHIIUU

HaHoOaJIMa3sa.
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HpeI[CTaBJ'IﬂJ'IO HHTCPCC HPOBCPUTH IMPUMCHHUMOCTL 3TOI'0 MCXaHU3Ma JJIA

MAaCCHUBHBIX aJIMa30MOJ00HBIX CTPYKTYP.
bpun mocTaBieHbl CHEAYIOMINE 3a1a4U:

- HCCIIENOBaTh CIEKTPAJbHBIC TPOSBICHUS B3aUMOACHCTBHS MAaCCHBHON
JIMa30TOIOOHON CTPYKTYphl W €€ ONKalIIero OKpyXeHus (OMOJOTHUYECKHX

MOJIEKY);

- OIIPCACIINTD B3aMMOCBA3b CIICKTPOB (I)OTOJ'HOMI/IHCCI_ICHLII/II/I
aHMaBOHO,Z[O6HBIX CTPYKTYp C COOCTBEHHBIMU OHCPIreTUYCCKUM COCTOSHHUAMU

OMOJIOTHUYECKUX MOJIEKYJ;

- TMPOBECTH TEMIIEPATypHbIE M3MEPEHUS CTPYKTYp, TJI€ MPOUCXOIUT
W3MCHEHHUE CIEeKTpa (POTOTIOMUHECIICHIIMK JJISI BBISBICHUS BIMSHHS BHEIITHEH

TeMrepaTypbl Ha HaOMrogaeMble YD PEKThI.

5.2. Cunektpsbl KPC ncciienyembix 00pa3nos.

beutn mMccreoBaHbl S aaMa3onoM00HBIX CTPYKTYpP, MOJIYYEHHBIX Pa3IuYHBIMU
Metogamu. HM3o0pakeHHs BHEIIHETO BHAA, TMOJYYEHHBIE HA CKaHUPYIOMEM
anekTpoHHOM MuKpockone (SEM), mpencraBnensl Ha puc. S5.1. JIBa obpasua
MPENICTABIISIOT COOO0M aIMa30MoA00HbIC TUICHKH 0€3 MOITI0KKH, rmonydeHHbie CVD
METOJIOM, WX BHEIIHWW BHUJ TMPEJCTABICH HAa JEBOM BEpXHEM HM300pakKeHHH (pHC.
5.1, 1,2). O6pa3upl, obo3HaueHHble HHppamMu 3 U 4 Ha puc. 5.1 SABIAOTCSA
anMMa3omnoA00OHBIMU  CTpyKTypamu Ha W © Si TOIJIOXKKaX COOTBETCTBEHHO,

nosrydeHHbIMA MeTooM CVD.
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T #

150KV A10.000 WU 1U.Urnm 1

Puc. 5.1. N3ob6paxenuss SEM wuccienyemsix oOpasnoB. 1 — ammazomomoOHass CTpykyTpa 0e3
nmoTokkH, Macmrad 10 Mkm, 2 — anmazonoo0Has CTpykyTpa 06e3 momtoxkku, macmrad 10 MxMm,
3 - anMazonogoOHas cTpykyrpa Ha W, macmtad 10 mMxwm, 4 - anmaszononoOHast CTpyKyTpa Ha Si,

macurrad 1 MKMm

Crnextpsl KPC pganHbIX CTpyKTyp npuBeAeHbI Ha puc. 5.2. [Ipakrnuecku Ha
Bcex oOpasmax BHJHAa OcCOOeHHOCTH Ha 1332 CM'l, COOTBETCTBYIOIIAS
byHnameHTanbHOMY KojeOaHMIO pemeTku anMasza. Ha ammazomomoOHOMN
CTPYKTYpe Ha MNoajJokke W HEe NposSBWICS MNHK, OTBEYAIOIUN KoJeOaHUsIM
alMa3HOW pelIeTKH, T.K. JaHHBIA 0Opasen 00sagaeT CHIIbHOM JIOMHHECIICHIIMEH.
Ocobennocts Ha 521 cm™ Ha KpUBOH 4, COOTBETCTBYET KOJICOAHUAM Si MOMIOKKHI

JTAHHOM CTPYKTYPBI.
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cm

Puc. 5.2. Cnektpsl KPC wuccnenyeMbix anmma3omnomoOHbIX CTpYKTyp. 1,2 — ammaszomnogoOHast
(CVD) crpykytpa 6e3 momioxku, 3 — anmazomogobnas (CVD) crpykyrpa Ha W, 4 —

anmaszononob6nas (CVD) crpykyrpa Ha Si, 5 - annma3onoo0Hasi cTpykyTpa Ha Si.

OO6pa3ern, o6o3HaueHHBIA UPpoit 5 Ha puc. 5.2. obmagaer cnexkrpom KPC,
OTJIMYHBIM OT JAPYTUX aJIMa3HBIX TUICHOK, IOATOMY JaHHBIM 00pa3ell uccaeaoBacs
nonoiaHuTenbHO [55]. OOpasen; mojlydueH Ha OCHOBE CIIEKaHHUS YTIEPOJHBIX
KJIACTEPOB. YTJIEPOIHBIE KJIacTephbl BeMMIMHONU ~ 1-1,3 HM, B 00BEMe KOTOPBIX
Haxoautcsi ~ 30-60 aToMoB yriiepoaa, KOHCEPBUPYIOTCA B KUAKOW cpene (Boja,
pacTBOpHI TIHIIEPUHA, SMYJbCUHU YTIIeBO0po10B). KoHcepBalusa u coxpaHeHue
KJIACTEPOB OOecreunBaeTcss 3a cdeT oOpa3oBaHMsI B TMPOIECCe CHUHTE3a Ha
MOBEPXHOCTHU KJIACTEPOB TOHKOTO (~ 1-2 MOT) Cl0s U3 OKPUCTAIIIM30BAHHOU BOJIBI,
YTIAEBOJAOPOAOB WU COUPTOB. [Ipw ynaneHuw KOHCEpBUpYIOMEH 000I0YKH
(HanpuMep, MpU HArpeBe W HCIAPEHWH B BaKyyMe) KIIACTEPhl MPOSIBISIIOT
HEOOBIYHO BBICOKYIO AKTHMBHOCTh M HAYMHAIOT CaMOMPOMU3BOJBHO CIIEKAThCS C
oOpa3oBaHMEeM IUIOTHOW YIJIEPOJHOM CTPYKTYphl. MCXOIHBIE YTrIepOJHbIE
KOMIIO3UIIMU B BUJI€ CYCII€H3UM WJIM MAaCThl YEPHOT'O LIBETA COJIEP’KAT B CBOEM
coctaBe oT 5 10 25% yraepoaa. Ouu pa30aBIASIOTCS B 3aBHCUMOCTH OT COCTaBa
BOJIOW, CIIUPTOM HMJIM MAaCJIOM JI0 HY>KHOM KOHCHUCTEHIIUH/BSI3KOCTH U HAHOCSTCS
TOHKUM (MUKPOHHBIM) CJIOEM Ha MOBEPXHOCTh MOJJIOXKKH. 3aTeM oOpasel

MOMEIIaeTcs B IeUb C MHEPTHOU aTMocdepoit (apron) u HarpeBaercs g0 600-700
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°C B TeucHHE MNpUMCPHO OJHOI'0 Haca, JO TCX IIOP ITOKaA IIJICHKA HE CIICUCTCA U

CTaHET COBEPLICHHO Mpo3pavyHoi [55]. BHemHuii Bua npeacTasieH Ha puc. 5.3.

e . % -
15.0kv  X1,000 WD 10.0mm 10Lm SEI 150k X70.000 WD 10.0mm  100nm

Puc.5.3. WMzobpaxenuss SEM wuccnegyemoro obpasma (Ne5). JleBeii puc. -
anMa3onoo0Has CcTpykyTpa, macmrad 10 MKM, TpaBbIi pHUC. - aaMa3onoao0Has CTPYKyTpa,

macmrad 100 am

Cnextp KPC pmannoro obpasua (puc. 5.2, 5.4) npeacraBiseT HIMPOKYIO
T0JIOCY, Ha KOTOPOi MPHCYTCTBYIOT XapaKTepHble TpH Makcumyma (~1140cm’,
~1345cm™ u ~1470cm™). Cnextp KPC Takoit dopmbl panee HaGmogancs Ha
HAHOKPUCTAJUNIMUECKUX ajMa3HbIX IUICHKaX BhIpameHHbIXx metogom CVD [56].
O6erano Tonockl ~1145cm™ u ~1470cMm” B 3THX paGoTax HPUIHCHIBAINCH K
HAaHOKpHUCTAJUIMYECKUM anmazaMm pazmepoMm 2-100am. OpHako, BIOCIEACTBHH,
®eppapu u apyrue ucciaeaoBarenn ybeautenbHo mokazanu [S57, 58, 59], uro
JAHHBIC TIOJOCHI HE OTHOCATCS K YITIEPOJAHBIM aToOMaM C Sp° CBS3bIO. BbUTO
0OHApYKEHO, YTO ATH MOJIOCHI CHHXPOHHO H3MEHSIOT YaCTOTHOE MOJIOKEHUE U
UHTCHCUBHOCTh MPU M3MEHEHHHM YacTOThl BO30YXKJAIOIIEr0 M3IY4YCHHUS U
U3MEHEHUH TeMIIepaTyphl. AHAIIOTMYHOE MTOBEICHNE HA0II0AaI0Ch Ha OJU3KUX 10
4acToTe MOJ0cax TpaHcmoiauanuTeneHa. Ha OCHOBaHMM 3TUX MaHHBIX aBTOpaMHU
OB cHellaH BBIBOJA, YTO OTH TOJIOCHI CBSI3aHBI C JIMHEWHBIMU YTIEPOTHBIMHU

LIEITIOYKAMHU.
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OnHolt M3 M3BECTHBIX (HOpM yriaepoaa, oOJanarolledl IEemoYeuHOl CTPYKTYypoun

sBisieTcst kKapoud. Ha puc. 5.4 npusenen criektp KPC oxnoit u3 ¢popm kapOuHa.

IKPC npousB. ea.

1000 1500 2000

-1
CM

Puc. 5.4. Cnextpst KPC -xapbuna (1), yraepoaHasl IUICHKA, IOJy4YCeHHas Ha OCHOBE

YTIEPOIHBIX KoMmo3unui (2), dynnepen (3), anmaz(4).

[IpoBeneHo cpaBueHue crekTpoB KPC cHHTE3MpOBAaHHBIX IUICHOK, [-kKapOuHa,
bymnepena u anmasa (Puc.5.4). B monekynspHON CIEKTPOCKOIMUN CYIIECTBYET
MOHSTHE «XapakTepuctuiyeckue konedanus» [60]. T.e., eciu B MONEKYISPHBIX
COEIMHEHUSX CYIIECTBYIOT XapaKTepHble, 000COOIEHHbBIE CTPYKTYpHl (Harpumep,
OEH30JbHBIE KOJIbLIA, MOJEKYJSPHBIC LIETIOUKH, TETPAadAPhl U JIp.) TO B CHEKTpax
OpPOSIBIISIIOTCS  YacTOThI, XapakTepHble I JTHX CTpyKTyp. Yacrora wux
HE3HAYUTEJIbHO MEHSETCS B KaKOM-TO JMana3oHe, B 3aBUCUMOCTH OT OKPY>KEHUS.
Hanunuune Takux «XxapakTepUCTHUECKUX KOJIeOaHHi» B CIEKTPE MOXET YKa3bIBaTb
Ha HaJM4Yue B COCAUHEHMM 3TUX CTpYyKTyp. CpaBHEHME crekTpoB Ha Puc.5.4, u

IPEANOJIOKEHNE O «MOJIEKYJIAPHOM CTPYKTYpE» CHUHTE3UPOBAHHBIX IUIEHOK
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IPUBOJAT K BBIBONY, 4TO B cnekrpe KPC mieHOK MOKHO BBIIEIUTH CIEAYIOLINE

YaCTOTHBIE O0JIACTH «XaPAKTEPUCTHUCCKUX YACTOT»:
-1 o
- 1140c™m™ — mostoca, 6yiM3Kast K HU3KOYaCTOTHOM moJtoce B-kapOuHa;

-1
- 1340cm™ — mosioca, O6mu3Kast K JIMHUW anMas3a U KosiebaHus M 1e(OopMUPOBAHHBIX

3 V)
Sp CBA3CH;

1 o
- 1480cm — mmpoxkas moJioca, K KOTOPOM OJIM3KO HAXOATCSA U JIMHUS (yruiepeHa

Y BBICOKOYACTOTHAs Tojioca [3-kapOuHa.

[ToaTOMy, HMCHONB3YS «MOJIEKYJSIPHBIM MOAXOI» MOXKHO MPEANOJIOXKUTb, YTO
CUHTE3UPOBAaHHBIE IUIEHKM MOTYT MMETh MOJIEKYJISPHONOJOOHYIO YIIEPOIHYIO
CTPYKTYpPY B  KOTOpPOM NPHUCYTCTBYIOT (parMeHThl KapOWHOMOIO0OHOIO
[ENOYEHYHOTO yraepoaa, (QymiepeHsl ¢ pa3yHopsAOYeHHONW CTPYKTYpod U

HaIps’KCHHBIC Sp3 CBs3H.

CI[eHaHO MNPCAIIOJIOKCHUEC, YTO B CHUHTC3UPOBAHHLIX INNICHKAX, BO3MOJKHO,

MIPOUCXOJIUT PEANTH3AIUS CTPYKTYPHI «KapOUHODYIIIIEPEHOB.
Hanoaama3sbl.

B TEMIICPATYPHBIX  JKCIICPHUMCHTAX  HCIIOJIb30BAJIMCh CHUHTCTHUUYCCKHC

HaHOaJIMa3bl CO CpeaHUM pa3zMepoB KpuctamumToB 300 HM nmpousBoacTBa Kay

Industrial Diamond USA.

5.3. JlioMuHecueHIUsl aJIMa30MoA00HbIX ¢ (pU3HYEeCKH aACOPOMPOBAHHBIMU

0eJIKOBBLIMH MOJICEKYJIaMH HA MIOBCPXHOCTH.

Ha anma3zononoOHbIE CTPYKTYpPhl HAHOCWJIMCH MOJIEKYJIBl JIM30I[MMA.
Crioco6 HaHeceHusi ObUT aHAJIOTMYEH ONMMcaHHOMY B pabore [6]. Konuentpanus
ammzonuMma  300MMonbs. CHoexkTpbl CHUMQIWCh JO M TOCJIE€ HAHECEHHS

OMOJOTHYECKON MOJICKYJIBI C OHOTO M TOTO ke ydacTka (puc. 5.5).

98



. S—
VR | 7
’ < B

|

Puc.5.5. M300pakeHne MOBEpXHOCTH aIMa30M000HOM TUICHKHU 10 (JIEBBIA PUC.) U MOCTIE

(TIpaBbId PUC.) HAHECEHUST MOJIEKYJIbI JIN301IUMa

Ha puc. 5.6 mpuBeneHsl crekTpbl (HOTOIIOMUHECHEHIIMU MPU KOMHATHOM
TEMIEepaType s alMa3omoJ0OHBIX CTPYKTYp JAO H IOCIEe HaHECEHHUs
ouosiorndeckux Mosiekysn. CrhekTpbl HOpMHpPOBaHbl Ha HWHTEeHCHMBHOCTH KPC
COOTBETCTBYIOIINX MCXOJHBIX MOIOXKEK. HUKHME KPUBBIE SIBISIOTCS PA3HOCTHIO

ABYX BBIIICYKA3dHHBIX CIICKTPOB.

W3 cpaBHeHHMs BHOHO, 4TO OOHApY)KHUBAae€TCA U3MEHEHUE (QOpPMBI
(GOTOMOMHUHECIICHTHOTO TMHKa TMOcie (PU3NYecKord aacopOommu u301MMa Ha
MOBEPXHOCTh HCCIIEyeMOH amMa3onoJo0HON CTPYKTYphl I BCEX OOpasIioB.
Janubiit 3pPexT MoxKeT ObITh OOBSICHEH B paMKaxX MOJEIH, MPEII0KEHHOU B [6].
Anma3omnoo0Hasi MOBEPXHOCTh CTPYKTYPHI COJNEPIKHUT YTIEPOIHBIC KIACTEPHI,
BO30YKIICHHBIN 3JIEKTPOH M3 KOTOPHIX MOXKET PEIaKCHPOBAThH KaK B 00bEeMe CaMoii
JIMa30NoOJ00HONH CTPYKTYpbl, TaKk W B aJCOPOMPOBAHHON OHOJOTHYECKOM
Mosnekyne. [Ipu TyHHETUPOBAHWW DSJIEKTPOHA B OHOJIOTUYECKYIO MOJICKYITY
AIIEKTPOH MOXET HEPaTUAIlMOHHO W3JIY4YHTh YacTh JHEPIWH, COBCIAJAIOMICH C
SHEPreTUYECKUMH  ypPOBHSMH  aJCOPOMPOBAHHON  MOJEKYJbI, IIOCIE Yero
TYHHETTUPOBaB B O0BEM aliMa3omoJ0OHON CTPYKTYphl TEpPMaIM30BaThCcs Ha
Ne(QEKTHBIX COCTOSIHUASAX YTIICPOIHOM MOUIOKKHU. DTOT MPOIECC UICT MapalIeIbHO
C TMPOIIECCOM peNaKcalui BO30YKICHHOTO JJIEKTPOHA HETMOCTPEICTBEHHO B
o0beMe anMasornoJao0HON CTPYKTYphl (KOTJa BEPOSITHOCTh TYHHEJIHMPOBAHUS B

OEIKOBYIO MOJIEKYJTy He peaiin3oBaHa). ONMHUCAaHHBIA MEXaHWU3M B3aUMOJCHCTBUS
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OKa3bIBACTCS MOAXOISAIINM JIJIi OOBSICHEHUS SKCIIEPUMEHTATBHBIX DPE3yJbTaTOB,
NOJlyYeHHBIX B JaHHOW pabore. Ha cmekTpax mocne ¢usnyeckoil aacopOuuu
MOJICKYJIBl HaOII0aeTCs CMEIICHHE JFOMHUHECIICHTHOTO THKa B 00JacTh Ooee
HU3KUX JHEPIHil, BBI3BAHHOE HAJIOKCHHEM PEKOMOWHAIIMU JJIEKTPOHA, KOTOpas
NPOUCXOAMIIA JBYMS TapajUIeNbHBIMH IYTSMH, OIHMCAHHBIMHU BhIIIE (depes
NepBOHAYAILHOE TYHHEIMPOBaHWE B aJCOPOMPOBAHHYIO MOJEKYIy M dYepes
TYHHEJIMPOBAHWE B 00BEM anMa3omolo0HOW CTPYKTypbl). Takum oOpazoMm, Ha
MAaCCHBHBIX  aJMa3oMoJIOOHBIX TMOMJIOKKAX Takke HaOmogaercs dddekt
u3MeHEeHUsT (GopMbl  (HOTOIFOMUHECIIEHTHOTO THKA TPU HATUIUH  (DU3UIECKU

a7ICOPOMPOBAHHBIX OMOJOTUIECKUX MOJICKYI.

HHTeHCHBEHOCTE, 0TH. 2.
HHTeHCHBEHOCTE, 0TH.e1.

bl Ll 700 800 HM 500 500 700 800 HM

HHTeHCHBEHOCTE, OTH. e,
HHTeHCHBHOCTE, OTH.€ 1.

500 600 700 300 HM 500 600 700 800 HM

Puc. 5.6. Cnektper @JI, momydeHHble NpU KOMHATHOW Temmeparype. M3o0paxkenus,

o0o3HaueHHbIe uppamu 1-5 cooTBETCTBYIOT 0Opa3nam puc.S.1.
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5.4. TemMneparypHblii aHAJIHU3 CHEKTPOB JIOMHUHECHEHIIUM HAHOAJIMA30B C

(pu3nyecKku acOpOMPOBAHHBIMH 0€JIKOBBIMH MOJICKYJIAMH.

[ToMmuMo wWccrme0OBaHUST MACCHUBHBIX aJIMa30MOI00HBIX TOJIOKEK OBLITN
MIPOBEICHBl IKCIIEPUMEHTAILHBIC WCCIICIOBAHUS JIFOMHUHECIIEHTHBIX CIIEKTPOB
CUCTEM «HaHoaliMa3 + (U3MYECKH aJCcOopOMpOBaHHAs MOJEKyla» TIpH
TeMIlepaType XKuIkoro azora (puc. 5.7). B skcnepumeHTe OBLIM MCIOJIB30BAHBI
MOJICKYJIBl TeMOIJIOOMHA M Jn3oiuMa. PasMep KpucTaimmToB HaHoanMaszoB 300

HM. Kon1nientpanus nuzonuma B BojgHoM pactBope 300 MMoib.

[Ipy noHM)KEHMM TeMIlepaTypbl JIIOMUHECUEHLMS Ha JedeKkTax B anMase
CTAaHOBUTCS Ooyiee WHTEHCHBHOW. Ha pwmc. 5.7 mpencraBieHO COTOCTaBIICHHE
CIIEKTPOB  JIIOMUHECUEHIIMM HAHOAJIMa30B IMpPU KOMHATHOM U  a30THOU
TeMriepatypax. Ha pucyHkax, pacrnojio)KeHHBIX CIpaBa (a30THas TeMIeparypa)
BuHBI uku B o0actu S700A u 6500A, cirabo mposBsStOMUecs TP KOMHATHON
temriepatype (cp. puc. 5.7, rpaduku, pacnoyioKeHHbIE B JIeBOM yacTu puc). U3
COTIOCTaBIICHUS (POTOTFOMUHECIICHTHBIX CIIEKTPOB HAHOAIMAa30B C HAHECCHHBIMU
JU30IIMMOM U T€MOTJIOOMHOM BHJIHO, YTO M3MEHEHHE (POPMBI JTIOMUHECIICHTHOTO
MMKa 3aBUCUT OT THUMa OMOJOTMYECKOW MOJIEKYJbl M €1a00 3aBUCUT OT BHEIIHEU

TEMIIEPATYPHI.

JlanHbie pe3yabTaThl MOTYT OBITh MOJIE3HBI AJI pa3pabOTKA OUOIOTHYECKUX

CEHCOPOB U APYTUX MEAULIUHCKUX NPUI0KECHUMN.
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800+ 300 ND
gemoglobin
-195C

300 ND
gemoglobin
25C

600

intensity, a.u.

400+

intensity, a.u.

5000 6000 7000 000, 4000 5000 6000 7000 8000 9000

6000 |

4000+
4000+

intensity, a.u.
intensity, a.u.

2000+
2000+

5000 6000 7000 8000 A 5000 6000 7000 8000 A

Puc. 5.7. Cnextper ®JI cucrempl «HaHOanMma3 + (Qu3nyuecku aacopOUpOBaHHASL
Ouonornyeckas MOJIEKyJla» IPH pPa3HBIX TemIeparypax. BepxHue KpHBBIE COOTBETCTBYIOT
CIEKTpaM HaHOAJMa3z0B C aJCcOpOMpOBaHHBIMM Ha HHUX MoJieKynamu. HikHue KpuBble Ha
Ka)XJIOM U3 PUCYHKOB COOTBETCTBYIOT pa3HOCTH criekTpoB DJI mociie HaHeCeHHUsT MOJIEKYJIbI CO
ciektpamu @DJI 10 HaHeceHHsT MOJIEKYJbl. JlaHHBIE KPHUBBIE XapaKTEPU3YIOT H3MEHEHHE
(G OTONIOMUHECIIEHTHOT'O TTHKA.

BeiBoaBI K IJ1aBe 5.

B mactosmeit paboTe wuccieqoBaHbl ONTHYECKHE CBONCTBA MAaCCHUBHBIX
aJIMa30IoI00HBIX MOAJIOXKEK ¢ ancopOoupoBaHHbiM OenkoM. [lo cnextpam KPC
ompeAesIach CTPYKTypa YriIepoHOM MOAN0KKH. Ha TFOMUHECTICHTHBIX CIIEKTpax
00BEMHBIX aTMa30MOJO0HBIX CTPYKTYp OOHapy>KMBaeTCss H3MEHEHHE (HOPMBI
(GOTOMOMUHECLIEHIIMU B pe3yJbTaTe aacopOIUu OHOJIOTUYECKUX MOJEKYI
(mu3zoruM, remorioOuH). UW3menenne (HOpMBI  JTFOMHUHECIICHTHOTO — TTHKa
HAHOAJIMAa30B 3aBHCHUT OT THMa OHMOJIOTMYECKON MOJEKYJbl U C1a00 3aBUCUT OT
BHEIIHEH TemmepaTypbl. OddeKT oO0BACHSIETCS Murpamuend Bo30YKICHHBIX
DIIEKTPOHOB TpapUTONOJOOHOTO TPUIIOBEPXHOCTHOTO CJIOSI B OHMOJIOTHYECKHE
MOJIEKYJIBI M ajiMa3Hble CTPYKTYypbl. CHekTpalibHble JaHHbIC, MOJIY4YCHHBIE MHpU
MU3MEHEHUHN JKCTICPUMEHTAIBHBIX YCIOBHH Isi HAHOAJIIMA3HOTO TOPOIIKA, TAKXKE
YKa3bIBAlOT HAa HalUM4Me JAHHOTO 3(p¢eKkTa U MOATBEPKAAIOT MPEATIOKEHHBIH

MCXaHH3M.
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OO6nHapyxeHHBIN 3PGHEeKT MOXKET naTh HMHPOPMAIUI0 00 SHEPreTHUYCCKOM
CIIEKTpe OMOJIOTMYECKUX MOJIEKYJ, & TaK K€ MOXET CIYKUTh OCHOBOW METOIMKHU

UCIIOJIb30BaHUsl HAHOAJIMA30B B KAYECTBE OMOJIOTMYECKUX CEHCOPOB.
3akiao4eHue.
B nuccepranmonHoit paboTe moyueHsl CIeAYIOIINEe OCHOBHBIE PE3YIbTaThI:

1. M3yuenue cnexkrpoB KPC u «ropsideit» IHOMHHECICHIIMM HAaHOOOBEKTOB
(HAHONIPOBOJIOKH,  KBAaHTOBbIE  TOYKM) HA  OCHOBE  MOJSPHBIX
noaynpoBogHUKoB A2B6 (ZnSe, ZnTe, ZnO u ux TBEpAbIE pPacTBOPHI)
NO3BOJWJIO CAENaThb BBIBOJ O TOM, YTO «TOpsiYasl» JIFOMUHECLEHUUS
ABIIAE€TCS O0Jiee UyBCTBUTEIBHBIM METOAOM JUJISl UCCIEIOBAHUS ONMTHYECKIX
dbononos, uem KPC.

2. O6HapyxeHo mepepacnpenesieHne (MO0 OTHOMIEHHIO K OOBEMHOMY
MaTepuany) MHTECHCUBHOCTEN LO-doHOHHBIX IIOBTOPEHU I B
HaHOIIPOBOJIOKaxX ZnSe, CBA3aHHOE C M3MEHECHHUEM IIMPHUHBI 3aNPELIEHHON
30HBI M3-32 KBAHTOBO-pa3MepHOTro ¢ dexra.

3. [loka3zaHO, 4TO B CHEKTPAX <«TOPSYEN» JIOMUHECLEHIIMM COOTHOUIEHUE
MHTCHCUBHOCTEH CTOKCOBBIX U AHTUCTOKCOBBIX LO-(pOHOHHBIX MOBTOPEHUI
npyu  BO3OYXKJEHMM  BIadd  OT  pE30HaHCa,  MOJyYEeHHOE W3
DKCHEPUMEHTAJIbHBIX JAHHBIX, HAXOAUTCA B COIJIaCUU C KIACCUYECKHM
BBIPKEHHEM, ONTMCBHIBAIOIMM 3TO OTHOILIEeHHE B ciekTpax KPC.

4. YCTaHOBJEHO, YTO MPU YMEHBIIECHUU JUAMETPA KOJUIOMIHBIX HAHOYACTHI]
CdSSe 1o 2 HM JMHUH, COOTBETCTBYIOIUME MPOAOIBHBIM ONTHYECKUM
doHonam B cnektpe pe3onancHoro KPC, HaumHAOT yHmmpsIThCS U
CABUTAThCSl B HU3KOYACTOTHYIO 00JIacTh.

5. BeisBieno, uro B HaHompoBoJsiokax (ZnTe, ZnSe) yacToThl (OHOHHBIX
MIOBTOPEHUIN B CIIEKTpax JIOMUHECLEHUMU MPU UX HAJIOKEHHH Ha MOJIOCY
KpaeBOTO U3JyUYEHUS MPETEPIIEBAIOT CIIBUT, BEIUYMHA KOTOPOrO 3aBUCUT OT

HOMEpa  (POHOHHOTO MOBTOPEHUSI. Otor  3bdexT  0OBACHEH
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B3aMMOJCHCTBHEM TNPOAOIBHBIX (JOHOHOB C TEMHOBBIMH HOCHUTEISIMU
3apsaa.

. IlpennoxkeHa OCHOBaHHas Ha KacKaJHOM MEXaHHU3ME MCIyCKaHUs
onTU4YecKuX (POHOHOB BEPOSITHOCTHASI MOJEJb IJIA OMUCAHUS OTHOIICHHS
uHTeHCcuBHOCTEH LO-(OHOHHBIX TMOBTOPEHUN C DHEPrUsIMU, 3aMETHO
NPEBBIAIOIIMMYA [IUPUHY 3alPEHICHHOW 30HBI, XOPOIIO OMHUChIBAIOIIAS
MOJTy4YEHHBIE HKCIIEPUMEHTAJIbHbIE JAHHBIE U PE3YJbTaThl APYTUX paboT Mo
«TOpsiYEH» JIIOMUHECLICHIINH.

. Haiineno, uyto mpu BO30OYXIEHUH sipa HAHOMPOBOJIOK sAIp0O/000I0YKa
ZnTe/ZnSe HaOmrogaeTcss BTOPUYHOE WBIYYCHHE C  HUCIyCKaHHUEM
MPOJOJIBHBIX ONTUYECKUX (POHOHOB KaK s7pa, Tak U 00o10uku. [IposiBnenue
(OHOHOB 0O0O0JIOUKH CBSI3aHO C TNPOHUKHOBEHHEM BOJHOBOW (PYHKIHMU
AJIEKTPOHOB B MMOTEHIMATIBHBIN Oapbep (B 000JI0UKY).

. OOHapyXeHO U3MEHEHHE CHEeKTpa (POTONIOMUHECUEHIIMA MAaCCUBHBIX
aJIMa30MoI00HBIX IJICHOK W HAHOAIMa30B Mpu (U3MYECKON amcopOuuu
OMOJOTMYECKUX MOJIEKYJ (JIu3ouMM, remMoriodun). M3menenue ¢opmbl
JIOMUHECIICHTHOTO NHKa HAHOAJIMa30B 3aBUCHUT OT THUIA OHUOJIOrMYECKOM
MOJIEKYJIbl W ciab0 3aBUCUT OT TemmepaTypbl. O(PdekT oObsicHAeTCS
MUTpaLent BO30Y’KJIEHHbIX AIEKTPOHOB rpaduTonogo6HOro
IPUIIOBEPXHOCTHOTO CJIOSI B OMOJIOTMUECKHUE MOJICKYJIIBI.

baarogapHocTb

3aKJIIOUEHUE I XO4Yy BBIPA3UTh CBOKO IJIYOOKYI0 OJIaroJapHOCTh U

npusHaTenbHoCcTh Hukonaro Hukonaesnuy MenbHUKY 3a TOCTOSIHHYIO HOAJIEPKKY

U HayyHoe pykoBojacTBO, Hukomaro Hukomaesuuy Cubenpauny, Denopy

Anexceesuuy Ilynonnny, Mane Bnagumuposne Kyuepenko, Tatesine HukonaeBne

3aBapunkoii, Bacunuro MBanoBuuy KoBaneHko 3a oOCyXeHUS U HACTaBJICHUS, a

Takke BceMy KoyuiekTuBy JlabopaTopuu (U3MKKM HEOJHOPOAHBIX CHUCTEM, TJIE

HA4aJIo0Ch MOE 3HAKOMCTBO C HaydyHOU cpefoi. OTaenpHbIe clloBa OJIaroAapHOCTH

moeil mMame Haranbe BacunbeBne, Opary Axzpero CepreeBudy U KOJIIEIKY

«Hacienne».
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