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[MpencraBieHbl pe3yIbTaThl IO CO3AAHHBIM HAMU TOJYIIPOBOAHUKOBOMY MUCTOUHUKY CITMH-TOJISIPU30-
BaHHBIX 3JIEKTPOHOB U CITMH-AECTEKTOPY, a TAKKe KOHLIETUS UX UHTETPUPOBAHUS B METO CITIEKTPOCKO-
MUY JUCCOLIMAaTUBHOTO 3axBaTta 3JieKTpoHoB (CII3D) ¢ yueToM HEOOXOAUMBIX 3HAUEHWI TTapaMeTpOoB
3JIEKTPOHHOTO ITy4yKa, ITPU KOTOPHIX HAOJI0AAI0TCSl PE30HAHCHOE pacCesiHUE U TMCCOIIMAaTUBHBIM 3aXBar.
OnucaHa KOHCTPYKIIMST YCTAaHOBKHU JIJISI UBYUYEHUsI PE30HAHCHOTO PacCessHUSI CIIMH-TTOJSIPU30BaHHBIX
aJIeKTpoHOB MeTogoM CII3D, koTopasi Mo3BOJIUT MPOBOAUTH MCCIEIOBAHUS BHYTPUMOJIEKYISIPHOM
JUHAMUKU U30JIMPOBAHHBIX OTPULIATEIbHBIX MOHOB. OCHOBHAS 11eJ1b pa3padOTKU U U3TOTOBJICHUS yCTa-
HOBKHU COCTOUT B BOBMOXHOCTH MCCJICIOBAHUS C €€ IIOMOIIbIO B3aUMOJIEUCTBMS CITMH -MOJISIPU30BaHHBIX
3JICKTPOHOB C XMPaJIbHBIMU MOJIEKYJIAMU, YTO MTO3BOJIUT OCYIIECTBUTh 9KCIIEPUMEHTAIbHYIO IIPOBEPKY
runote3nl Becrepa—Yap0puxTa o MpOUCXOXAEHUM OMOIOTMYECKOM roMoxupaibHocTu. [ToMumo naH-
HOT'O OCHOBOIIOJIAraloliero Bonpoca, oxXXuaaeMble pe3ybTaThl MPeIaraéMoro 3KCIepuMeHTa BaKHbI
JUTSI TIEPCIIEKTUBHBIX HAIPaBJICHU I CIIMHTPOHUKY, 8 TAKXKE JIJIsT yCTAHOBJICHUSI MOJIEKYJISIPHBIX MEXaHU3-

MOB Pa3JIMYHOIO OMOJIOTMYECKOTro ASHCTBUSI SHAHTMOMEPOB (hapMalleBTUUECKUX ITpernapaToB.
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1. BBEAEHUE

MexaHu3M paccessHUsI JIEKTPOHOB aToMaMu
M MOJICKYJIaMM, OTBETCTBEHHBIN 3a pa3IMUHbBIC
CMUH-3aBUCUMBbIE 3(DEKThl, TaKMe KaK 0OMEHHOe
paccesiHue, CIIMH-OPOUTabHOE B3aUMOJAEICTBHUE
WIM UX KOMOMHAIIUU, B OOIIIEM ClTydyae MOXET ObITh
YCTaHOBJICH U3 3aBUCUMOCTU CEYEHUSI PACCeSIHUS OT
SHEPTUM MTaJaIONINX JIEKTPOHOB 1 Z-MuIIeHH [ 1, 2].
CylecTByeT KJIacc MUILIEHEil, KOTOpBIe YCTPOCHBI
3HAYUTEIbHO CJIOXHEE, — XUPATbHBIE MOJIEKYJIBI.
B npocrteiiieM ciyyae Haau4us TOJbKO OAHOIO
aCMMETPUYHOro aTtoma (LIeHTpa XUpPaJIbHOCTH)
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B CTPYKTYpPE MOJIEKYJbl CYIIECTBYIOT TOJbKO Ba
SHAHTUOMEPA, OTJIMYAIOIIUXCI APYr OT Apyra Kak
3epKajbHbIe OTpaxeHus. OueBUAHO, YTO HMUKa-
KUMU OPYTUMHU ONEpallusIMU CUMMETPUN HEBO3-
MOXHO COBMECTUTH B MIPOCTPAHCTBE JIBA SHAHTUO-
Mepa. Takue MullleH! Oy1aronapsi CBoeit CUMMETPUN
(11 ee OTCYTCTBUIO) MO3BOJISIIOT HA0JIIOIaTh HOBbIE
yHUKalbHbIE 3 deKTh paccesHus [3, 4]. [Tomumo
TEOPETUUYECKMX IpPEeACcKa3aHUl O IOJISIpU3alNU
M3HAYaJIbHO HEIIOJISIPU30BAHHOTO ITyYKa JIEKTPO-
HOB, UCTIBITABIIMX YIIPYToe paccesiHue Ha ONThYe-
CKU aKTMBHBIX MOJIEKYJIaX [5], oTMeuaeTcsl Haiu4yue
IBYX 3 (PeKTOB paccessHus, MPUCYIIUX XUpaJb-
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HBIM MUIIEHSIM: pa3jIMyHasl BeJIMUYMHA OCIa0IeHUS
Myyka MpOAO0JbLHO MOJSIPU30BAHHBIX 2JIEKTPOHOB
U BpallleHue CIIMHA PAcCesIHHBIX 3JIeKTPOHOB IIPU
HM3HaYaJbHO MONEPEYHON MoNsIpu3alum mydka [6].

Kak oTrMedyeHO aBTOpOoM paGoThl [6], mepBbIit
3P dEKT IBIISIETCS aHAJIOTOM KPYTrOBOTO JUXPOM3Ma,
TOTIa KakK BTOpPOil — BpallleHUsI TNIOCKOCTH ITOJISI -
pu3auuu cBeTa. BaxkHO OTMETUTD, YTO B3auMOAEH-
CTBME TOJISIPU30BAHHBIX 3JIEKTPOHOB C XHUpajb-
HBIMU MOJIEKYJIaMHU JaeT KOCBEHHYI0 MH(MOPMAIIIIO
0 TIPOUCXOXKACHUN OMOJIOTMIECKOI TOMOXMPaIbHO-
CTH, TIPEXJIe BCEro B CBSI3M ¢ TunoTte30ii Becrepa—
Vabopuxta [7]. [unoresa 3akiaoyaeTcss B TOM, UTO
KOCMMYECKMe OeTa-JIyud MPeuMYIIeCTBEHHO pa3-
pylIaay OnHY 4acTh MPeOMOTUYECKUX XUPaIbHBIX
MOJIEKYJ, OCTaBJISISI IIPOTUBOIIOJIOKHYIO YaCThb JJIsT
y4acTusl B MOJIEKYJISIPHOM 3BOTIOIKY. MOXHO mpe-
MOJIOXUTh, UTO TOJISIpU3allMOHHAas 3aBUCUMOCTh
paccestHUS DJIEKTPOHOB XUPATbHBIMU MOJICKYJIaMMU,
TaKMM 00pa3oM, SIBJISIETCSI KOCBEHHBIM JOKa3aTelb-
CTBOM TaKoii KapTuHBI. OgHaKo (pU3NYeCcKre Mexa-
HU3MBI, BBI3BIBAIOIINE aCUMMETPUIO B PaCCESTHUU
CITMH-TOJISIPU30BAaHHBIX 3JIEKTPOHOB, 9KCIICPUMEH-
TaJIbHO MPaKTUYECKH HEe MCCIICIOBAHBI.

Cy1lecTByeT JIMIITb OrpaHUYEHHbBIN KPYT padoT IT0
9KCIIEPUMEHTAIbHOMY MCCJEA0BAaHUIO CIIMHOBBIX
3P eKTOB, BOZHUKAIOIINX ITPU YIIPYTOM pacCesTHUN
MEIJICHHBIX (eIMHUIBI—ACCITKN 3JEKTPOHBOJIBT)
3JIEKTPOHOB XUPaJbHBIMHU MOJIEKYJIAMU, BBIIIOJI-
HEHHBIX C 1IeJIbI0 0OHapYKeHUS 3epKaJIbHOM acM-
MeTpuu. PaHHMe pe3yabTaThl IO OOHApPYKEHUIO
CIUHOBBIX 3(P(HEKTOB JIJIsI MOJIEKYN He3aMellleHHOM
KaMmdophl [8] He TMOATBEPAMINCH JANbHEHITNMU
pa6otamu [9, 10], omHAKO acCMMMETPHUS CUTHAJIa B
CEUCHUHU pacCesTHUSI ObUIa YCTaHOBJICHA IS TIPOM3-
BOIHBIX KaM(OpHI B AMaIia30He dHEePruil B3auMO-
neiictBus 0.5—10 3B [10]. ITo3nHee acummMeTpust B
MOJIHOM CEYEHUU pacCesHUS CITMH-TOJISIPU30BaH-
HBIX BJIEKTPOHOB ObLIa MPONEMOHCTPUPOBAHA [T
MOJIEKYJI TaJloTeH-3aMeleHHo KaMdops! [11] B
cXeMe MeTOo/a CIEKTPOCKOIINY IIPOXOASIIUX dJIeK-
TpoHOB [12]. OgHAKO B KOHTEKCTE MPOBEPKU TMIIO-
Te3bl BecTepa—YabpbpuxTta HE0OX0AMMO OOHapyKe-
HUE aCUMMETpUM (bparMeHTallMM 3HAHTUOMEPOB
MpY pa3aIUuYHOM MOJSIpU3alUU IIEPBUIHOIO IIydyKa
3JIEKTPOHOB, YTO BO3MOXKHO PEaJM30BaTh TOJIBKO
B CXE€Me MeToda CIEKTPOCKOIIMHU IMCCOLNATUBHOTO
3axBaTta 3JeKTpoHOoB (CJ139).

o HacTosIIero BpeMeH! ObLT ITPOBEACH SAUH-
CTBEHHBI 3KCIEPUMEHT MO M3YyUYEHUIO NUCCO-
LIMAaTUBHOTO 3axBaTa 3JIEKTPOHOB MOJIEKyJIaMM
rajoreH-3aMeIIeHHOM KamM(Ophl, BHITTOJTHEHHBIN,
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OTHAKO, B CXEM€ METo/Aa CIEeKTPOCKOMMUU IPOXO-
JSIIUX 3JIEKTPOHOB, T. €. 0€3 celeKIun 00pas3yio-
muMxcs orpunarelbHbIX MoHOB (OM) mo macce u ¢
BO3MOXXHOCTBIO PETUCTPALIMU TOJHKO JTOCTATOYHO
nHTeHCUBHBIX TOKOB OU [13, 14]. B zanHBIX paboTax
NpakTUYECKHU Ha Mpeaeiae YyBCTBUTEbHOCTH DKC-
nepruMeHTa Oblla MPOAEMOHCTPUPOBaHA ACUMMET-
pus obpazoBaHus ¢pparmeHTapHbix OU ragoreHoB,
SIBJISIIONIMXCSI TOMUHUMPYIOIIMM KaHaJIoM pacliaaa
OTpHUILIATEIbHBIX MOJICKYISIPHBIX MOHOB rajJoreH-3a-
MelleHHOU KaM@opsl. OgHako BeanyuHa 3 dexra,
Ma0xasl CTaTUCTUKA, a TaKXKe OTCYTCTBHUE MPSIMbIX
CITMH-3aBUCUMBIX U3MEPEHUIA HEe TTO3BOJIMIIM OJHO-
3HAYHO ITOATBEPAMUTH UM ONPOBEPTHYTH TMITIOTE3Y
Becrepa—Yab0puxra.

B Haineit paboTe npeacraBieHa KOHLENLMS U3r0-
TaBJIMBAaeMOIl YCTAHOBKHM JISI M3YYEHUsI PE30HAHC-
HOTO paccessHUs U (pparMeHTALUU MOJEKYI-MHU-
IIeHEeH o0 MeXaHU3MYy JAMCCOILIMaTUBHOTO 3axXBaTa
3JIEKTPOHOB IMPU UCITOJIb30BAHUU CIIUH-TIOISIPU30-
BaHHBIX 3JIEKTPOHOB, a TAK3Ke Pe3y/IbTaThl CO3AaHUs
¥ U3yYEeHUs CBOMCTB HOBBIX CITMH-IIOJISIPM30BaH-
HBIX UCTOYHMKOB U IETEKTOPOB CIIMHA CBOOOMTHBIX
3JIEKTPOHOB Ha OCHOBE ITOJYIIPOBOIHUKOBBIX TeTe-
POCTPYKTYp U UX UHTerprpoBaHus B meton CA30.
OTneabHO OTMETUM, YTO TaKas MHTerpalusi ocy-
1LIeCTBJIsIeTCS BIepBhIe. B yacTHOCTH, OnMCcaHHbBIC B
JaHHOU paboTe METOIbl U TeXHUKA PaOdOTHI C IyY-
KOM CITMH-TIOJISIPU30BaHHBIX 3JIEKTPOHOB He OBLIN
JOCTYMHbBI aBTOpaM MUOHEpCcKuX pador [13, 14].

2. ICTOYHMUK CITUH-ITOJIAPU3OBAHHBIX
BJIIEKTPOHOB

Ho HacTofAIIero BpeMEeHU CaMBIM pacIIpo-
CTPAaHEHHBIM MCTOYHUKOM CHHUH-IIOJSIPU30BaH-
HEBIX 3JIEKTPOHOB SBJIsIeTCST (DOTOKATON Ha OCHOBE
GaAs [15]. Pabota ¢poTokaToga ocHOBaHa Ha JABYX
apneHusx: (1) cozmaHne HepaBHOBECHBIX CITMH-TIO-
JISIPU30BaHHBIX 3JIEKTPOHOB B 30HE IIPOBOINMOCTH
3a cuer adpdekTa onTuyeckoil Hakayku [16] u (2)
CHIXEHE YPOBHS BaKyyMa Ha ITOBEPXHOCTHU HIXKE
JIHA 30HBI TPOBOAMMOCTH B 00beMe MOIYIIPOBOI-
HUKa (3(pheKTUBHOE OTPULIATEIBHOE JEKTPOHHOE
CPOJCTBO) 3a CUYET aKTUBUPOBAHMS IMOBEPXHOCTHU
Le31eM U KUCIOPOLOM.

OmHOM U3 CIOXHBIX TEXHUISCKNX IIPOOIIeM P
HCCJIEIOBAHUM paCcCesSHUS CIIUH-TIOISIPU30BaHHBIX
BJIEKTPOHOB Ha MOJIEKYJIaX SIBJISIETCS OrpaHUYEeH-
Hoe BpeMs xku3Hu GaAs-¢hoTokarona — UICTOUHMKA
CIIMH-TIOJIIPU30BaHHBIX 3JIEKTPOHOB. XOPOIIO
n3BecTHO, 4To GaAs-doTokaTtom 4yBCTBUTEICH
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Jlaxke K 0CTaTOYHOI aTMOoc(epe BaKyyMHOU KaMepHI.
Tak, Ha ypoBHe 6azoBoro nasiaeHust 10~'° Topp
BpeMs KU3HU (merpagauuu) GOTOKATOAA MOXKET
COCTaBJISITh Yachl, OHO KPUTUYECKU 3aBUCHUT OT
cocTaBa OCTaTO4YHOII aTMocdepnl. Mcmonab3oBa-
Hue s4eek Bbicokoro gasieHus (0.5—1.0 mTopp) B
metone CJII3D TpebyeT BBICOKOI cKOpocTU nudde-
PEHLMAIBHON OTKAYKM BCETO TPAaKTa 3JIEKTPOHHOMN
OIITUKM U (DOTOKATOTHOM KaMephl, OMHAKO 3TO HE
pelaeT KapauHaJlbHbIM 00pa3oM NpobJieMbl aerpa-
nanuu GaAs-¢orokarona. [1o 3Toit mpuunHe HE0O-
XOIMMO UCMOJIb30BaTh 00Jiee YCTOWUMBBIE K OCTa-
TOYHOI aTMOchepe BaKyyMHOI KaMepbl UICTOYHUKU
CIUH-TIOJSIPU30OBAHHBIX 3JIEKTPOHOB. OTHUM U3
TaKMX UCTOYHUKOB SIBJISIETCS (POTOKATONI HA OCHOBE
MYJIBTUIICIOYHBIX COSTUHEHMIA.

MynpTueaodHble (GOTOKATOOBl ILIMPOKO
HCTIONIB3YIOTCS B KAUeCTBE MICTOYHUKOB BJIEKTPOHOB
Ha pa3IUYHbIX Kojaiaepax [17], B 2JIeKTpPOHHBIX
YMHOXUTEJISIX U 2JIEKTPOHHO-ONTUYECKUX TTPe00-
pazoBatensix. HemaBHO HaMM OBLIO MOKa3aHO, YTO
dbotokaTon Ha ocHoBe Na,KSb sBasiercss Takxke
3 (PEeKTUBHBIM UCTOUHUKOM CITUH-IIOJISIPU30BaH-
HBIX 27eKTpOoHOB [18]. s co3gaHusl CITMH-TO0SI-
PU30BAHHBIX 3JIEKTPOHOB B ITOJIYIIPOBOIHUKOBBIX
CTPYKTYpax MCIIOJIb3YeTCs sSIBJI€HUE OMNTUYECKOM
OpHEHTAIlM, CYyTh KOTOPOTO 3aKJII0YaeTCs B Iepe-
Ja4ye yIJIOBOTO MOMEHTA OT (hOTOHA 3JIEKTPOHY IIpU
MOMIOLICHUY TUPKYJISIPHO ITOJISIPU30BaHHOTO CBETA.
O6HapyxeHo, uto coenuHenune Na,KSb numeer 30H-
HYIO CTPYKTYPY, CXOXYI0 cO CTpykTypoit GaAs,
BKJIIOYAsl BEJIMUMHY IIMPUHBI 3alPeIlleHHO 30HBI,
¥ B 9TOM COENMHEHUM TakKe HabmomaeTcs 3pdexT
ontuyeckoit opueHTtauum. O Hanamunm >PpdeKra
OIITUYECKOM OpUeHTALMK (HAKAYKN) MOXKHO CYIUTh
U3 M3MEPEHUI LUPKYISIPHO TOJSIPU30BAHHOM
doTomomuHecteHuu [16].

(a)

I[IpoBeneHue uccaenoBaHUN CHUH-3aBUCH-
MBIX (DOTOIMUCCUOHHBIX CBOMCTB (DOTOKATOAOB B
o0I111eM ciiyyae TpeOyeT CBEPXBBICOKOBAKYYMHYIO
KaMepy, comepxKallylo HCCIeIyeMblil MaTepuan,
CHCTEMY BJICKTPOHHBIX JIMH3 W 9HEeProaHaanu3aTop.
HaHHYI0 CHCTeMy MOXHO YIIPOCTUTh OO BaKyyM-
Horo ¢oToanoaa, 3J1eKTpoAaMu KOTOPOIO SIBJISI-
I0OTCSl HCCJIeNyeMble TeTepOCTPYKTYPbl, OIHA U3
KOTOPBIX MOXET SIBJIITbCSI UICTOYHUKOM, a Ipyrasi —
IEeTEKTOPOM CIIMH-TIOJISIPU30BAHHBIX 2JIEKTPOHOB
(puc. 1) [19, 20]. Panee yXe OBLIM MU3TOTOBJICHBI
MmofgoOHbIe BAaKyyMHbIe (DOTOAMOBI C TETEPOCTPYK-
Typamu A’B’ 1 6bUIO MPOIEMOHCTPUPOBAHO Y100-
CTBO IaHHOI CUCTEMBI TSI U3yYEHUSI 9MUCCUOHHBIX
M MHXEKIMOHHBIX CBOMCTB MaTepuanon [21, 22].
doTtognon pencTaBiIsgeT co00it TMANHIAPUISCKIH
kopnyc auametpoMm 30 MM u BeicoToil 10—15MM,
BBIITOJTHEHHBINM U3 aTIOMOOKCUIHOM KepaMUKH, Ha
TOplIaX KOTOPOTO 3aKPEIUIeHbl METaJIOCTEKIISTH-
HBIE Y3JIbl C UCCeAYyeMbIMU (hoTOKaTOonaMu (puc. 1).
PaGouyue nuameTpbl KaToga U aHOAa COCTAaBJISIIOT
18 MM, 3a30p Mexnmy anekTpogamu 0.7—1.5 M.

I'eTepocTpykTyphl (poTOKaTOmA M CIIMH-IETEK-
Topa A’B’ BelpaliuBanuch Ha nmomioxkax GaAs
METOJIOM MOJIEKYJSIPHO-JTy4YeBOM SMUTAKCUU WIIU
OCaXXJIeHUeM MeTaJIOpraHUYeCKUX COEIUHEHMI
U3 razoBoii ¢asnl. [loBepx rerepocTypKTyp HaHO-
cuioch aHTHOTpaxkaromee mokpeitTue SiO. IMocie
pocTa reTepo3MMUTaKCHaIbHbIE CTPYKTYPHI Hape3a-
JIUCh HA JUCKU IO pa3Mepy (OTOKATOAHBIX y3JI0B
U TIPUBAPUBAIUCH K CTEKIY (hOTOKATOAHOTO y3ja
yepe3 nmokpeiTue SiO meTogom tepmoauddy3u-
OHHOM CBapKu. 3aTeM XUMUYECKUM CEJIEKTUBHBIM
TpaBieHueM ynansiaach GaAs-TIOMIOXKA U B CIIydae
(dorokarona 6ydepHsbiii cinoit AlGaAs. 3aKimodyn-
TEbHBIN 3TAIl IIPOLIEAYPHl OYMCTKH KaK KaTomua, Tak
U aHOJa MPOBOAWJICS B TIEPYATOYHOM OOKCE, 3a10JI-

Puc. 1. a — ®otorpacdus doromrona co CTOpoHbI GOTOKATOIA; 0 — cXeMaThuecKoe n3oopaxeHue (hoToauona B paspese u
MPUHIIAIT CO3MAHUSI CIIMH-TIOJISIPU30BAHHBIX 2JIEKTPOHOB U UX JIETEKTUPOBAHUS; B — (oTorpadust aHoIa.
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HEHHOM YMCTBIM a30TOM, IJI¢ KaTOI 1 aHOI ITOIBEP-
rajuch Xumudeckoit oopadorke B pactsope HCI B
M30IIPOTIMIOBOM criupTe [23].

O0e ounIleHHBIE TOBEPXHOCTH aKTUBUPOBAJIUCH
IO CcOCTOSTHUSI 3P (DEeKTUBHOTO OTPULIATEILHOTO
3JIEKTPOHHOTO CPOACTBA IIyTeM aJCOPOLIMK 1IE3MsI
M KHMCJIOpOJa B CBEPXBBICOKOBAKYYMHOI KaMepe.
®oTtokaTod U aHO ObUIM FepMETUYHO 3aKPETUICHBI
Ha IIPOTUBOIIOJIOXKHBIX CTOPOHAX LIMJIMHAPUIECKOTO
KOpITyca U3 aTIOMOOKCUIHOM KepaMUKHU B CBEPXBHI-
COKOM BakyyMe [24].

[Tpu usroroBneHnu GOTOOMOMOB C MYJIBTUIIE-
JIOYHBIMU (OTOKaTOomaMu MaTepuan (oTokKaToma
HaHOCWJICS Ha METAJIJIOCTeKJISTHHBIN (hOTOKATOAHBI
y3€J1 B BHICOKOBAKyyMHOI1 KaMepe HEITOCPEICTBEHHO
nepen repMetusanmeii. B ciaydae msroroBiaeHUs
(oTonronoB ¢ MyJIBTUIIEIOYHBIM (DOTOKATONOM U
A’B’-aHOI0M aHOIHAs FeTepOCTPYKTYpa aKTUBUPO-
Bajlach IIyTeM HaHECEHU 1e3Us U cypbMbl. DoTO-
KaTobl HA OCHOBE MYJIBTUILEIOUYHbBIX COEAUHEHUI
JTEeMOHCTPUPYIOT HeoOXoauMbIe (POTOIMUCCUOH-
HbIE XapaKTePUCTUKU [IJI UCITOJIb30BAHMS B METO/IE
CJI3D: ToK sMuccun TIpeBHITaeT 1 MKA TIpu pas-
Opoce 3Hepruu B nyuke 371eKTpoHoB 50—100 M3B.

Hst MpoBepKU MOJSIPU3AIIMOHHBIX CBOICTB
Na,KSb:Cs-doTokarona 60U U3MEPEHBI LIMPKY-
JISIPHO TIOJISIPU30BaHHBIE CIIEKTPHI (DOTOJIIOMUHEC-
nenuun (PJI). Ha puc. 2a nmpencTaBieHbl CIIEKTPhI

_(a)' T (T: ] (B) T T T T
2= le.- 1 20
@ [Eon=149%V
55| A\l =
£/ ;8
S8 F=S
o 1 8
S - §10
) ' =
< 20} (6) R
S 15} qoe
= . - 5
g 10 4R
& 5 Y
g0 o O g
— L L N * 1 1 1 1
0 130 1.35 140 145 15 20 25 3.0
Photon energy (eV) Exitation energy (eV)

Puc. 2. a — HupkynasgpHo nojsgpusoBaHHble (0+, 0—)
KOMITOHEHTBI CIIEKTPOB (POTOTIOMUHECIIEHIINN (HOTO-
katona Na,KSb:Cs npu ocBelieHUM HUPKYJISIPHO TMO-
JIIPU30BaHHBIM CBeTOM ¢ dHeprueit 1.49 3B (830 um);
NuK 1pu 3Heprumn portoHa 1.42 3B coOTBETCTBYET LLIM-
puHe 3anpeleHHoii 30Hbl Na,KSb; 6 — cooTBeTcTByI10-
W CIIEKTP CTeNeHN MUPKY/ISIpHOI mojsipusaru OJI,
onpeneeHHblil Kak Py, = (Io* — Io7) / (Io™ + Io7);
B — 3aBUCUMOCTbH CTETIEHU IUPKYJISIPHOI TOJISIPU3aIun
usnyuenus: @JI pns Na,KSb or sHeprun nagarouniero
¢oroHa.
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LUPKYJIpHO TTosspu3oBaHHoi DJI MyabTHIIETOY -
Horo (orokaToga MpU OCBEUIEHUU LMPKYJISIPHO
MOJISIPU30BaHHBIM JIa3€PHBIM M3JIyYEeHUEM C SHEP-
rueit ¢otoHa hw = 1.49 3B (830 uM), Ha puc. 20
MpeacTaBjieH CIeKTp cTeneHU mosgpuzanuu OJI.
3aBUCUMOCTDL CTEIIEHU KPYTOBOW ITOJISIPU3ALUU
®JI B Na,KSb or sHepruu nanawouiero ¢horoHa
rnmokaszaHa Ha puc. 2B. Crenenb noaspusaunu OJI
OBICTPO YMEHBIIAETCSI C POCTOM DHEPIUM Iana-
JOIIIET0 M3JTy4eHUs TTPUMEPHO BIUIOTH 10 2.4 3B.
OmnHaxko, B ommmuure oT GaAs, rae nonsipusanust OJ1
craHoButcd Hynesoil [18], B Na,KSb ona ocraercsa
Ha ypoBHe 0ko0J0 4% mnpu 06ojiee BHICOKUX DHEP-
rusix Bo3oyxnaeHus. Eie oqHo BaxkHOE OTJIMYME OT
GaAs coCTOUT B TOM, 4YTO crazn nojsgpusanuu OJI B
Na,KSb npoxoaut npu OoJbIIKMX 3HAYEHUSIX IHED-
UK BO30YXKIEHMSI, UTO CBSI3aHO C Pa3HULICH B BEJIM -
YMHE CIIUH-0pOUTaIbHOrO pacuieruieHusa B Na,KSb
1 GaAs (0.55 1 0.34 5B cOOTBETCTBEHHO).

CxoncTBo B 3aBUcuMoOcCTHU TtoJisspusanuu OJI npu
HU3KUX DHEPIusX BO30YXKIEeHUSI, a TAKXKE CXOICTBO
30HHO# cTpyKTypsl Na,KSb u GaAs [18] noka3si-
Baer, uto B Na,KSb nabmonaerca s dekr onruye-
CKOIl OpHeHTallMK1, 3TO CXOACTBO MO3BOJISIET Mpe/ -
MOJIOXKHUTh, YTO TpaBujia 0TOOpa 1T ONMTUYECKUX
nepexonos 111 Na,KSb u GaAs onuHakosbl. [Ipu
atoM creneHb nossipusauuu PJI B Na,KSb naxe npu
KOMHATHOM TeMIlepaType oKa3anach paBHa 23%,
YTO OJIM3KO K IIpeaeIbHOMY T€OPETUIECKOMY 3Ha-
yeHu1o 25%. Eciiu npeanonoXuTb OTCYTCTBUE pac-
CesTHUS TI0 CIMHY B IIPOIecce SMUCCUN IJIEKTPOHA
B BaKyyM, TO MOXHO OXMWIaTh, YTO MaKCUMaJIbHasl
nojispusanus GOTOIMUTUPOBAHHBIX 2JIEKTPOHOB
n3 Na,KSb pasna 45—-50%.

3. ZETEKTOP CITUH-TTOJIAPN30BAHHDBIX
BJIIEKTPOHOB

HNnes mosynpoBOTHUKOBOTO CIUH-IETEKTOpPA
3aKJII0YAETCH B UHXKEKIIMY CBOOOIHBIX JIEKTPOHOB
Ha THO 30HBI MTPOBOAUMOCTHU C MOCEAYIOMIEH U3Ty-
YyaTeTbHOIW PEKOMOMHAIIME! 2JIEKTPOHA C OBIPKOIA C
ucrycKaHueM KBaHTa cBeta. [lomnsipuzanus usnyye-
HUS TIPU PEKOMOMHALUYU CIIUH-TIOJSIPU30BAHHBIX
3JIEKTPOHOB TaKXe OOYCJIOBJIEHA MEpenavyeil yrio-
BOTO MOMEHTA OT 3JIEKTPOHOB CBETY, MOATOMY I10
CTETIeHU LM PKYJISIPHO MOJISIPU30BaHHOM (hOTOTIOMU-
HecueHuu (DJI) MOXXHO CyauTh O CTEIeHU MOJISIPH -
311U DJIEKTPOHOB, FeHEPUPYEMBbIX B HOTOIMUTTEDE,
a IO CTEIEeHU TOJIAPU3ALNUN KAaTONOJIIOMUHECIIEH-
muu (KJI) — o crerreHn nonsipu3any 3JIeKTPOHOB,
WHXEKTUPYEMBIX U3 BaKyyMa B aHOMA-IETEKTOP.
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B nannom ciyvae nmon KJI mompasymeBaeTcs U3Jy-
YeHUE, TeHEpUpyeMoe MPU peKOMOMHALMY TIEPBUY-
HBIX 3JIEKTPOHOB, MHKEKTUPOBAHHBIX B MOJIYIIPO-
BOIHUK M3 BaKyyMa, IIpY 3TOM PETUCTPaIis MOXET
MIPOBOIUTHCS C IPOCTPAHCTBEHHBIM pPa3pellIcHUEM.

B kauecTBe CriMH-AETEKTOpPa U3YYJIUCh TOTY-
NPOBOAHUKOBBIE TETEPOCTPYKTYphl Ha OCHOBE
xopoio u3BecTHoi rereponapsl GaAs/Al,_,Ga,As.
LupkynsipHo noJisipu3oBaHHble ciekTpbl KJI, name-
PEHHBIE IIPU WHXEKLMUM CIIMH-IIOJISIPHU30BAHHBIX
271eKTpOHOB U3 orokarona Na,KSb:Cs ¢ sneprueit
1.0 3B, noka3aHbl Ha puc. 3a.

MaxkcumanbHasgs MHTeHcUBHOCTHL KIJI coort-
BETCTBYeT dHepruu usnaydyeHus 1.53 3B (810 um),
YTO COBIIAJAET C LIMPUHOMN 3aNpEeIleHHON 30HBI
Al ,,Ga; gAs. CTeneHb KpyroBoii Moysipu3aluu
n3nydenust KJI cocransiina 4% (puc. 36). 3aBucu-
MOCTb CTeIleHM KpyroBoii nouspusanuu KJI, momy-
YyeHHasl MpU WHXKCEKINU CITUH-TOJSIPU30BaHHBIX
371eKTpoHOB U3 dorokarona Na,KSb:Cs, ot snep-
T MHXEKTUPOBAHHBIX 2JIEKTPOHOB B AUAIla30HE
0.6—4 5B B pexxumMe U3MEPEHUST CITIEKTPOB U MU30-
OpaxeHuii nmokazaHa Ha puc. 3B. s Na,KSb:Cs
MaKcUMabHas cTereHb noinsipusannu KJI paBHa
9.5% npu HU3KKUX KUHeTHYecKuX aHeprusx (0.6 3B),
OHAa MOHOTOHHO YMEHbIIAeTCsT MpUMepHO 10 1% 1o
Mepe YBeIM4YeHUs SJHeprun a5ieKTpoHa 10 4 5B. [1pu
cpaBHeHuu nouspusauuu KJI nng Na,KSb:Cs u
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Puc. 3. a — LupKyaspHoO NoJsipu3oBaHHbIe (07, 07)
KOMITOHEHTBI CIIEKTPOB KaTOMOJIIOMUHECIIEHIINY, 13-
MepeHHBIe MPU WHXEKINU CITUH-TIOISIPU30BAHHBIX
3JIEKTPOHOB, SMUTUPOBAaHHBIX U3 ¢oTtokarona Na,KS-
b:Cs nipu yckopstroniem HamnpskeHuu 1.0 B, B aHomgHy0
reTepocTpyKTypy Al ;,Gay 39As; 6 — cTeneHb LUPKYJIAP-
Hoit monsipusanmu KJI, onpenenernas kak Py, = (Io” —
Io™)/(Io* + Io7); B — cpaBHUTENbHEIE 3aBUCUMOCTH
cTereHu MUPKyIsspHoit mossipudanuu KJI ot sHeprumn
WHXEKTUPOBAHHBIX CITMH-TIOJISIPU30BAHHBIX JIEKTPO-
HoB n3 dorokatona Na,KSb:Cs B pexnme uzmepeHus
CIIEKTPOB U U300paxkKeHUI.

IMPUBOPHI U TEXHUKA DKCITEPUMEHTA

¢orokaTona GaAs:Cs-0O okazanoch, YTO MOCIETHSIS
B /IBa pa3a MeHblie. [1penmnoaras, 4To moJjsipusa-
nusa ¢oToseKTpoHOB oT GaAs-KaToma HaXOmUTCS
B muamna3oHe 20—25% [18], MOXHO chenath BBIBOI,
YTO MOJISIpU3aLUSI (POTOIIEKTPOHOB, SMUTUPOBAH-
HbIX U3 Na,KSb:Cs, nexut B nuanazone 40—50%,
YTO HAXOAMUTCS B XOPOIIEM COIJIACUM C OIEHKOI
CTEMNEHU TIOJIPU3ALIUU, CIEIAHHON U3 U3MEPEHUI
nosisgipuzoBaHHoii DJI.

Hns mpakTU4ecKuX IPUMEHEHUI B CITMH-ITOJISI -
PUMETPUM BaXKHBIMU XapaKTePUCTUKAMM AeTeKTOpa
asisttoresl GyHkuus Lllepmana S = A/ P, roe A —
n3MepsieMast QyHKIMST aCUMMETPUY TTPU N3BECTHOM
noJisipu3anus 3JeKTPOHHOro nyvka, P, — otpaxa-
I011asl CEJIEKTUBHOCTD MOJISIpUMETpa K MPOEKIIUU
CIMHA 3JIeKTPOHA, MOKa3aTelb KauyecTBa (IeMOH-
CTPUPYIOIINI YYBCTBUTEIBHOCTh MOJSIPUMETPA)
onpenensiercst popmynoii F = 1, / I, tne I, —
MHTEHCUBHOCTb PETUCTPUPYEMOI KATOIOTIOMUHEC-
LIEHLIMU, a /; — TOK MafarolmnX JEKTPOHOB.

IToxazano, uro ¢pynkuma Lllepmana nerekropa
Ha ocHoBe Al ;;Ga, ¢As cocrasisier S, ~ 0.3 [24],
a OlleHKa OJHOKaHaJIbHOI 3((OEKTUBHOCTU IETEK-
TUpOBaHUs faeT 3HaueHue F = 1-1073. [Ipu sTom
3aBUCUMOCTbD CTEIIEHU LIMPKY/ISIPHOM MOJISIpU3aLuNi
KJI oT xMHeTU4YeCcKoil 3HEePruu UHXKEKTUPYEMBIX
3JIEKTPOHOB U €€ MaKCUMaJIbHOE 3HAaUeHUE OIIpene-
JISIOTCS pejlakcalneil cimHa B “oobemMe” ToIyIpo-
BOIHUKOBOM TeTEPOCTPYKTYPhI, 2 BHEITHUI KBaH-
ToBbIlt Bhixod KJI orpaHuueH 6e3bizinydaTebHOM
PEKOMOMHALIMEIA.

OnTuMM3anusl cocTaBa U CTPYKTYpPhI, a TakKxke
TEXHOJOTUYEeCKUX MapaMeTPOB HU3TOTOBJICHUS
CIIMH-IETEeKTOPHBIX Te€TEPOCTPYKTYP MOI'YT 3HAUM-
TEIbHO YBEJIUYUTh UX 3(PPEKTUBHOCTD — A0 3HAYE-
HUI apaMeTpoOB, MPEBHIIAIOIINX YPOBEHbD Y CYIIIE-
CTBYIOIIMX THUIIOB JIETEKTOPOB B OJHOKAaHaJIbHOM
PEeXMMe U 3HAUMTEIbHO MPEBBIIIAIOIIMX UX B MHO-
rOKaHaJIbHOM PEXUME PabOTHI.

Takum o0pa3oM, MOXHO 3aKJIUYUTb, YTO
CIUH-IETEKTOp Ha OCHOBE ITOJYIPOBOTHUKOBBIX
TETEPOCTPYKTYP C YCIEXOM MOXET OBITh MCITOJIb-
30BaH IJISI U3MEPEHUSI CIIMHOBOM TOJISIpU3alluu
CBOOOJHBIX 2JIEKTPOHOB. B oTiuuue oT ogHOKa-
HaJIbHOTO MOTT-IETEKTOpa, MOJYIIPOBOIHUKOBBIMI
JIETEKTOP MOXET OBITh MCITOJIb30BaH KaK MHOTOKa-
HaJIbHBIN JETEKTOP C IPOCTPAHCTBEHHBIM pa3pellie-
HUEM, 4TO MOBBLILIAET 9P PEKTUBHOCTL B N, pas, raie
N,, — 4KCi10 KaHAJIOB.

Hpyroit TUIM COUH-IETEKTOpa, KOTOPHIM Takxke
MOXeT OBITh MCTIOIB30BaH B aKcrepuMeHTax C/139,
COCTOUT U3 TeTePOCTPYKTYPhI (heppOMarHUTHBIN
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MMOJYINPOBOAHUKOBBIE UCTOYHUKHN 1M AETEKTOPBI

cioii/moaynpoBogHuk [25—27]. CouH-AeTeKTOp
Ha OCHOBE CTPYKTYphI (peppOMarHeTHK,/moaynpo-
BOIHMK YCTYIaeT 1Mo 3 OEeKTUBHOCTU ONMUCAHHOMY
BBIIIIE IETEKTOPY, OMHAKO OH MOXKET OKa3aThCs OoJiee
CTaOUIbHBIM B yCI0BUsIX padboThl MeToga CI3D.

4. OKCIIEPUMEHTAJIbHAA YCTAHOBKA
AJIA N3YYEHWA PACCEAHUA CITUH-
IMOJIAPN30OBAHHbBIX SJIEKTPOHOB
METOAOM CI35

PesynbraThl co3maHms U M3y4eHUSI CBOMCTB HOBBIX
CITMH-TIOJIIPU30BAaHHBIX NCTOYHUKOB U IE€TEKTOPOB
CITMHA CBOOOIHBIX 3JIEKTPOHOB Ha OCHOBE IOJIYIIPO-
BOJTHUKOBBIX TE€TEPOCTPYKTYP IMO3BOJMUIU HaM MPU-
CTYIIUTh K pa3pabOTKe U U3TOTOBICHUIO HOBOM, HE
MMEIOIIE aHAJIOTOB YCTAaHOBKE 110 MCCIEI0BAaHUIO
pe3oHaHcHoro paccessHus metonom CI35D. Cxema-
THYECKOE M300paxKeHNe KOHIENTYaIbHOII MHOTO-
KaMepHOI CBEPXBBICOKOBAKYYMHOI YCTAHOBKH JIJIst
M3YYEHUST PaCcCesIHUS CITMH-T0JIIPU30BaHHbIX 2JIEK-
TpoHOB MeTonoM C/13D [28, 29] mokazaHo Ha puc. 4.

YcTaHOBKa COCTOMT M3 YETHIPEX OCHOBHBIX
KaMep: OCHOBHOI Kamepbl (peaKIIMOHHOI, target
chamber); ¢oTokaTomHOIt Kamepnl (source cham-
ber); KaMepbl pOCTa/MOATOTOBKK (POTOKATOLOB
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(growth & activation chamber); kamepsl aHaaM3a
CMIMHOBOM TOJISIpU3aLUU JIEKTPOHOB (spin-detec-
tor chamber). /st 3arpy3ku (hOTOKATOMHBIX Y3JI0B K
pOCTOBOIT KaMepe OymeT IMpUCTHIKOBAaHA 3arpy304-
Hag (1uTI030Bas) Kamepa. Bece kamepbl OynyT UMETh
He3aBUCHUMBIE CpeICTBa OTKAUYKM, KaMEphl OyIyT
oTaesieHbl mbepamu. bazoBoe naBieHne B OCHOB-
HBIX KaMepax JOJKHO 6bITh He Bbite 1070 mbap.

B ocHOBHOI1 KaMepe OymeT pacroiokeHa sueiika
CTOJIKHOBEHMI 711 peann3aluy TEXHUKU CKPeIIeH-
HBIX ITyJKOB (crossed-beam technique) 8 C[13D [30]:
MMYYOK MCCIIEAYEMbIX HEUTPATbHBIX MOJIEKYJ, TIPH-
TOTOBJICHHBIN B 3 (dYy3MBHOM MCTOYHHKE, Iepe-
ceKaeTcsl Mo/ MPSIMbIM YIJIOM ITYyYKOM MeIJIEHHBIX
(0—15 »B) mpomoabHO CHUH-TIOJASIPU30BAHHBIX
3JeKTpOHOB. B o0nacTtu mepeceyeHuUs] My4ykKoOB
00pasyloTcs OTpHUIIATEIbHBIE MOJIEKYJISIPHBIC NOHEI,
pacnafaloimecs Kak 1Mo KaHajay aBTOOTHIETIICHUSI
BJIEKTPOHA, TaK M 3a CYET JAUCCOLIMAIMM Ha Heil-
TpaJbHble U OTPUIIATEIbHO 3apsiKeHHbIe (par-
MeHTHI. [locienHue aHaIM3UPYIOTCS C IMTOMOIIBIO
KBaJIpyIIOJbHOIO Macc-CIIEKTpoMeTpa (auara3oH
macc 1—300) B 3aBUCMMOCTU OT DHEPIrUM 3JEKTPO-
HOB B 30HAMPYIOILIEM ITyUKe.

OTMEeTHM, YTO B OOBIYHONM TEXHUKE MeEToma
CIA3D [28, 31] xapakTepUCTUKU 3JIEKTPOHHOIO

Growth & activation
chamber

Na,KSb or GaAs
photocathodes
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Mass analyzer
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Puc. 4. CxemaTnueckoe I/I306pa)KCHI/I€ MHOFOKaMepHOﬁ CBCpXBLICOKOBaKyyMHOVI YCTAaHOBKMU JIsd U3YUCHUA paCCCAHUA
CIIMH-TIOJIAPU30BAaHHLIX 3JICKTPOHOB METOAOM CIICKTPOCKOIINN JUCCOLMATUBHOIO 3aXBaTa 3JICKTPOHOB.
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My4yKa SIBJISIIOTCS CASMYIOIIMMMU: TOK IydKa MopsiaKa
1 MKA, mupuHa Ha moayBbicote (FWHM) pac-
npeneaeHus 3JeKTpoHoB 1o 3Hepruu 0.4—0.5 3B,
TOYHOCTD OIIpEIeICHUSI TTOJIOXEHMUsI Pe30HAHCOB B
ceyeHUur paccessHus anaekTpoHoB 0.1 3B. Kanu-
OpoBKa IIKaJIbl SHEPTUI TPOBOAUTCS B OCHOBHOM
1O CUTHAJY AOJITOXMBYIIMX OTPUIIATEIbHBIX MOJIE-
KYJSIPHBIX MOHOB SF,, 00pasyroluxcs npu 3axBare
TETIJIOBBIX (HyJieBasi SHEPrusi) 3JEKTPOHOB MoJie-
Kylamu rekcadropuna cepsl. [1pu ucnoabp3oBaHuun
TPOXOUIAJbHOTO MOHOXpPOMATOpa HEPIUM DJIEK-
TpoHOB [32, 33] BemmunHa FWHM ywmenbIraercs
no 3HaueHui 30—50 maB. IIpu 5TOM, OIHAKO, TOK
Mmyyka TajgaeT J0 BEJIMYMH TopsaKa HaHoamIep,
YTO 3aMETHO CHUXKAET YyBCTBUTEIBHOCTh ITPY PeTH-
ctpauuu TokoB ON.

IIpu uccnenoBaHMU 3HAHTUOMEPOB XMpPaJbHBIX
MOJIEKYJT PETHUCTPUPYEMOI BEIMUYMHOI SIBISIETCS
acummMmeTpus curHana A [11], paccuuTbiBaeMasi C IOMO-
1ibto cootHomenust A, = [(1; —1,)/(I, + 1,)],_, rne
MHAEKCHI “+” 1 “—“ COOTBETCTBYIOT ABYM SHAHTUO-
MepaM (B IpocTeilieM ciiyyae HaJU4dMs OJHOTO
XHUpaJTbHOTO LIEHTpa B MoJieKyne), I = I(¢) — uHTeH-
CHMBHOCTbH u3MepsieMoro Toka OW misa 3amaHHOTO
KaHaJjia pacrnaaa B 3aBUCMMOCTU OT SHEPTUM 2JIeK-
TPOHOB € B MEPBUYHOM ITyYKe MPU HAIpaBICHUU
CITMHA 3JIEKTPOHA, COBIAAIOIIETO C €r0 UMITYJILCOM
T WM IPOTUBOIIOJIOXHOTO €My +.

B ¢orokarogHoit Kamepe OyneT yCTaHOBJIEH
nepKaTejab (POTOKATOTHOTO y3JIa ¢ BO3MOXHOCTBIO
HarpeBa g0 temnepatypbl 500 K u oxitaxnaeHus no
temmepaTtypbl 80—90 K. doToKaToapl Ha OCHOBE
kak Na,KSb, rak u GaAs npencrasisior co00il TOH-
KM€ CJIOM Ha CTEKJISTHHOM MOJI0XKeE, YTO ITO3BOJISIET
MPOBOAUTH (DOTOIMUCCUIO MOJISIPU3OBAHHBIX 3JIEK-
TPOHOB IIPU OCBellIeHNH (POTOKATONA HAa OTPAXKCHUE
(nazep 1) 1 Ha nipocBeT (y1azep 2), puc. 4. JIazepsl
1, 2 MOXHO TaKXe MCMOJIb30BaTh [JIs1 ONMTUYECKOM
OpUEHTAIlMM MOJIEKY B OCHOBHOI Kamepe. PoTo-
SMUTHUPOBAHHbBIE 13 KaTo/Aa DJIEKTPOHKI 1ajiee Iepe-
JIAIOTCH € TIOMONIBIO DJIEKTPOHHOM OTITUKU B STYEUKY
BBICOKOT'O JaBJIEHUsI B OCHOBHOM KaMepe.

Kamepa pocTa/moaroToBKyu KaTOOOB IIpegHa-
3HaY€Ha JJI1 POCTa MYJIBTUIIEIOYHOTO (hOTOKATONA
METOIOM MOJIEKYJISIPHO-JIy4eBOU MK razoca3Hoit
snuTakcuu. s pocta MyJbTUILIETOYHOTO COear-
HeHust Na,KSb/Cs,Sb ncnonb3yloTcss UICTOYHUKHU
Na, K, Sb, a takzke Cs m1st akTHBUPOBaHUS TTOBEPX-
HOCTH KaToja. B KadecTBe IOIJIOXKU MCIOJIb-
3yeTcsd OOPOCUIIMKATHOE CTEKJIO, YTO TTO3BOJISIET
paboTaTh ¢ (DOTOKATOAOM B pEeXMMax Ha MPOCBET
n orpaxeHue. TonmnHa akTuBHoro ciaost Na,KSb
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ONTUMU3UPYETCSI B MpOILECCe POCTa, MCXOIS M3
MOJIydeHUs] MaKCUMaJIbHOTO ToKa (DOTOIMMCCUM,
KOTOpPBIN ompeneiseTcs, IJIaBHBIM 00pa3oM, IIIy-
OMHOIT TToTIONEeHNST cBeTa U IN(GY3MOHHON ITH-
HOIi HEOCHOBHBIX HOCUTENEHN ((HOTORTEKTPOHOB).
J17151 TECTOBBIX U3MEPEHUM TIIaHUPYETCS UCTIOIb30-
BaTh Takxke ctaHaapTHble GaAs-doTokaTonbl (Win
doTokaTonbl Ha coenqrHeHusIX A’B%), nmpuBapeHHbIe
Ha CTEeKJITHHBIN y3en [24].

B xamepe aHanm3a CIMHOBOI OJISIPU3AIIAM DJICK-
TPOHOB, pacCesTHHBIX HAa MOJIEKYJIaX MUIIIEHU, OYIyT
KCIIOIb30BaHbBI TTOTYIPOBOJHUKOBBIE CITUH-AETeK-
TOPBI C MPOCTPAHCTBEHHBIM pa3pelliecHUeM, pa3pa-
O0otanHble HaMmu paHee [18, 24]. Mcnonb3oBaHue
JIBYX I€TE€KTOPOB MO3BOJUT U3MEPSITh TPU KOMIIO-
HEHTBI CITMHA PACCESTHHBIX 2JIEKTPOHOB.

5. 3AKJIFOYEHUME 1 NEPCITEKTHUBbI

YCTOYMBOCTh MYJIBTUILIETOYHBIX (DOTOKATOAOB
K Jerpamaluu, a Takxke oOHapy>KeHHOE UX HOBOE
CBOICTBO KaK MCTOYHMKA CITMH-TIOJSIPU30BaHHBIX
BJIEKTPOHOB, IEJal0T 3TU (DOTOKATOMBI MEePCIIEeK-
TUBHBIMU B peaiM3allii METOHAa CIIEKTPOCKOIINU
JMCCOLIMATUBHOTO 3aXBaTa IMOJISIpPU30BAHHbBIX 2JICK-
TpoHOB. bosiee Toro, mpenBapuTeabHbIC PE3YIBTAThI
M3y4YeHUs HaIpsKeHHOTO (oTOKAToma Ha OCHOBE
Na,KSb:Cs neMOHCTpUPYIOT BO3MOXHOCTD IOJIY-
YeHMS MyYKa JIEKTPOHOB C MOJISIpU3aLIMeii, 3HAUU-
TeJbHO mpeBbiaonieit 50%. CmH-TIoNsIpu30BaH-
Has ¢oroamuccusd u3 Na,KSb:Cs oTKpbIBaeT Takxe
BO3MOXHOCTh CO3JaHUS HOBBIX 3((MEKTUBHBIX
WCTOYHMKOB 3JICKTPOHOB 11 YCKOPUTENIEH, OMHO-
BpEMEHHO 00J1aJal0II1X BEHICOKM KBAHTOBBIM BBIXO-
JIOM, CIIMHOBOM IOJISIPU3aLieii SMUTUPYEMBIX 3JIeK-
TPOHOB, JOJITOBEYHOCTBIO M HU3KUM 3MUTTAHCOM.

CnuH-AeTeKTOPbl Ha OCHOBE TOJIYITPOBOIHM-
KOBBIX CTPYKTYDP SIBJISIIOTCSI ONTUMAaJIbHBIMU TSI
npoBeneHus skcrnepumeHToB CI3D. B otnuuune ot
CTaHAAPTHBIX MOTT-IETEKTOPOB, OHU paboTalOT B
00J1aCTU HU3KUX DHEPIUil 3JeKTPOHOB (€IUHULIBI
5B B cpaBHeHUM ¢ gecsaTKaMu K3B mIst MOTT-nmeTek-
TOpa) — B IMana3oHe SHEPTUil JIEKTPOHOB METOA
CI 39, uTo TakxXe MCKJIIOYaeT ropeHue paspsja.
[MonydyeHHBIe XapaKTePUCTUKU IOJIYIPOBOIHU-
KOBBIX cnUH-AeTeKTopoB (pyHkuusa [llepmana,
3D PEeKTUBHOCTD, TIPOCTPAHCTBEHHOE pa3pelIeHne)
OKa3bIBAIOTCS JIyUIlle XapaKTePUCTUK MOTT-IETeK-
TOpa, YTO MO3BOJUT JOOUTHCS 3HAUUTETBHO JTy4IlIei
CTaTUCTUKHU B aKcniepuMmeHTax CA30.

PaspabaTsiBaemasi yctaHoBKa OyaeT HOCUTh
MOIYJIbHBII XapaKTep, YTO ITO3BOJIMT IepeCTpauBaTh
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cXeMy KCIIepMMEeHTa Mo pa3iudHbie 3anauu. [1pen-
craBieHHas cxeMa usMmepeHus CJI3D MoxXeT ObITh
npeobpa3zoBaHa B METOI CIIEKTPOCKOIINH XapaKTepu -
CTUYCCKUX MOTEPh SHEPTUU BJIEKTPOHOB C MCIOIb-
30BaHMEM MOHOXPOMAaTHUYECKOTO ITy4Ka CIIMH-TIOJISI -
PU30BaHHBIX AJIEKTPOHOB IS U3yYeHMs MATHUTHBIX
M CITMH-3aBUCUMBIX CBOMCTB IIOBEPXHOCTE TBEPIBIX
tes. Ha ocHoBe uctounnka Na,KSb:Cs Bo3mMoxHO
M3rOTOBJIEHHUE 3JIEKTPOHHOIO MHUKPOCKONa Ha
CIIMH-TOJISIPU30BAaHHBIX 3JIEKTPOHAX IJISI M3YUCHUS
MarHUTHBIX CBOMCTB C BBICOKHUM IIPOCTPAHCTBEH-
HBIM paspellieHueM, a Takke TudpakTomMeTpa ajst
M3Y4YeHHsI CIUH-OPOUTAJIBHOTO B3aWMOACHCTBUS
MOJISIPU30BaHHBIX 3JIEKTPOHOB C MMOBEPXHOCTHBIMU
aTOMaMU.

Takum oOGpaszoMm, co3gaBaeMblii MeTOHd CIIEK-
TPOCKONUM IMCCOLUMATUBHOTO 3axBaTa CIIMH-IIO-
JIIPU30BaHHBIX 3JEKTPOHOB JOJKEH OTBETUTh Ha
(byHaamMeHTaabHBII BOMPOC O MPOUCXOXKICHUU
OMOJIOTMYECKOI TOMOXMPaAJbHOCTU U Habmomae-
MOW XUpandbHON acUMMeTpuM (PYHKIMOHUPOBA-
HUS XXMBOI MaTepuM, B YACTHOCTU BHECTHU BKJIAaLd
B IOHMMAaHUE TIPOLECCOB CEICKTUBHOIO ACHCTBUS
(bapmarieBTMUECKMX MPpenapaToB Ha MOJIEKYISIPHOM
YpOBHE. DTOT METOJ MO3BOJUT TaKKe pa3BUBaTh
MOBEPXHOCTHO-YYBCTBUTEIbHBIE CIIMH-3aBUCUMBbIE
3JIEKTPOHHO-CIIEKTPOCKOIIMYECKIIE€ METOIbI UCCIIe-
MOBaHMS, B TOM YMCJIEe IS TIPUIOXKEHUS OXMaa-
€MBIX PEe3yJIbTaTOB B aKTYyaJIbHBIX HamlpaBJIeHUSIX
CITMHTPOHUKM.

OUHAHCHUPOBAHUWE PABOTbI

Pabora BeinonHeHa ripu noaaep:kke Poccuiickoro
HaygHoro doHzaa, mpoekT Ne 22-12-20024 (p-9).

KOH®JIMKT MHTEPECOB

ABTOpBI 3agBJISIIOT, YTO HEe MMEIOT KOH(MIMKTA
MHTEPECOB.
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