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Bne.n;em!e 

B .n;narHocTII-irecKoM ycTpo:ii:cTne, rrpe.n;Ji:omermoM B pa6oTe [1], HH

<!JopMaU:IIJI 0 xapaKTepiiCTIIKaX rryqKa. OTpiiU:aTeJThHLIX IIOHOB ( aHepreTII~ 

qecKmi: · crreKTpe, :;JtiiiTTaHce, rrpo<!JnJie II .n;p.) 3aKmoqeHa B ,zi;nYMepHOM 

rrpOCTpaH<::TBeHHOM pacrrpe.n;eJieHnn IIOTOKa 6IJCTphlX :;JJieKTpOHOB Ha .D;eTeK

TOpe. ITpn :oJTOM, Haxo.n;Hc:& n Herrocpe.n;cTBeHHo:ii: 6JIII30CTII oT CIIJThHoToq

Horo rryqKa ( HeCKOJThKO .D;eCJITKOB CaHTIIMeTpOB OT. OCII), .n;eTeKTOp MOJReT 

rro.n;nepraT:&CJI IIHTeHCIIBHOMY pa.n;nan;IIOHHOMY noJ.n;e:ii:cTBIIIO. HarrpiiMep, n 

IIITaTHOM pe>i<nMe pa6oTIJ mme:ii:f!:oro ycKOpiiTeJIJI IIOHOB H- MocKOBCKO:ii:' 

Me30HHOH <!Ja6piiKII B o6JiaCT1l: .n;eTeKTOpa OlRII.D;aiOTCJI IIOTOKII rv 106 CM-2c-l 

TeiiJIOBhlX II Me.n;.i:reHHIJX (0,005 ~B < En < 0,2 :,B), rv_106 CM-2c-1 6IJcTpLIX 

(0,2 M:oJB < En < 20 M:oJB) II rv 5 · 105 CM-2c-~. cmlpX6IJCTpLIX (En > 
20 M:oJB) He:ii:TpoHon, a TaK)I{e M01IIHOCT:& .n;o3IJ ·"-'lpa.l(jq (Si) raMMa- II3-

. JiyqeHIIJI c :oJHepriie:ii: E1 ~ 1, 25 M:oJB. I1pii•.n;narH:ocriiKe .n;aHHoro rryqKa 

(I;~ 50 MA, T; ~ 100 MKC, f = 100 ru:) Ha pa6oqyro IIOBepXHOCT:b .n;eTeK

TOpa .n;naMeipoM 0~ 10-;- 15 MM rrorra.z:(aroT :oJJieinpoHIJ (Ee = 327 K:oJB) 

C MaKCIIMaJThHOH IIMIIYJThCHOH II cpe.n;He:ii: BO ':ripeM:e:H:ir IIJIOTHOCTJIMII IIOTOKa 

rv .l011 CM-2c-l II rv 108 CM-2c-l COOTBeTCTBeHHO. • ,ll;JIJI II3MepeHIIJI rra

paMeTpOB rryqKa c .D;OCTaToqHo:ii: TOqHOCT:&IO ( CM: [1]) ~eo6XO.n;IIMO perii

CTpiiponaT:&, rrpocTpaHcTneHHoe pacrrpe.n;eJiem1e iroTOKa' .:oJTIIX :oJJieKTpOHOB 

c pa3perneHIIeM He xyme 100 -;- 150 MRM. BLirroJIHeHIIe .n;aHHoro Tpe6o

naHnJI B coqeTaHIIll C BIJCOKIIM pecypcoM pa60TIJ B yKa3aHHIJX YCJIOBUJIX, 

a TaKJRe ll03MOJRHOCT:bl0 BKJIIQqeHIIJI Ha BpeMJI cymecTBOBaHIIJI <lJOTOHHOH 

MHrneHn OIIpe.n;eJIJieT IIpiiHIJ;IIII pa60TIJ .n;eTeKTOpa 11 CXeMy ero' peaJIII3a

U:~II. ri? aToft rrpiiqiiHe B .n;namocTIIqecKoM: ycTpo:ii:cTne He MoryT HarrpJI

M:yro, IIc:riom3oBaT:&CJI H3BecTHIJe Koop.n;nHaTo~qyncTnnTeJThHIJe ,n;eTeKTopLI 

Ha O~Hone MIIKpOKa~aJThHIJX IIJiqCTIIH, IIOJIYIIpOBO;riiiiKOBIJe IIpn6opLI C 3a

pJI.ziOBOH CBJI3:&Io, MilTpHqHIJe IIIIpO:oJJieKTpiiqecKIIe riprie:MHIIKII, CU:IIHTii:JIJIJI

D;HOHHhl~ noJIOKOH:~me.n;eTeKTOI>IJU .n;p. (eM., HarrpiiMep, [2-5]). Heo6xo

~Ma 'K~1i6imaiJ;IIJI 1 pa3JIII~IJX MeTO.D;OB periiCTpaU:IIII II3JIYqeHIIJI C IICIIOJTh-

30ll~HIIe~ Haii60Jiee OIITIIMaill,HIJX :oJJieMeHTOB Ha K~OM yqacTKe. 

CxeMa .n;eTeRTopa · u· $opMuponaHue onTI'I'<JecRoro 

I'l3o6pame:Hun npocTpa:ilcTBeHHoro pacnpe.n;~Jiemm 
. UOTORa 3JieRTpOHOB 

B .n;aHHo:ii: pa6oTe rrpe.n;JioJReH pa.n;nan:noHHo cTo:ii:KII:ii: .n;eTeKTop .n;JIJI 

periiCTpaiJ:¥II IIMIIYJThCHoro IIOTOKa 6IJCTpLIX :oJJieKTpOHOB C yKa3aHHIJMII n:oim:e 

Tpe6onaHIIJI1m, a TaKJRe rrpone.n;eH pacqeT ocHOBHLIX ero aJieMeHTOB. CxeMa 

r \11!-!ll.!ii:!X HCr: Jl~.i:(:~li111iil . 
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,n;eTeKTOpa npnne,n;ena Ha pnc.l. IlpiiCMHa.iJ: -qaCTb 1 rrpeo6p~3YCT rrpo

CTpaHCTBCHHO pacnpe,n;eJICHHhlii llOTOK 3JICKTpOHOB B ero OllTII"'!CCKOe II30-

6paJKCHHC .. Ilpn H3MepeHIIHX napaMeTpon yKa3annoro :imrne ny"'!Ka .. aTa 

o6JiacTb. ,n;eTeKTopa· naxo,n;nTCJI n nanxy,n;nmx pa,n;nau;noHHhlX ycJiommx ,...., 5 

pa,n;l c, co3,n;anaeMhlX n ocnonno:M 6hlcTphlMH aJieKTpoHa:MII na ToJim:nne nx 

npo6era. TaR KaK m~JIH"'IIIHa npo6era MonoanepreTu"tJecKHX aJieKTponon,nhl

pamenHaJI n r I eM~ cJia6o 3anucnT oT aToMH:oro noMepa nem:eCTna, ,n;an~aJI 
ou;enKa cpe,n;neit MOII(HOCTH norJiom;ennoit ,n;o3hl xapaKTepna ,n;JJJI pa3JIII"'!HhlX 

MaTepuaJion. ITo aToit npnqune, c 'yqeToM a<P<PeKTa naKonJieHIIJI pa,n;uau;u

o:H:Horo 3apJI,n;a [6], ,n;JJJI <P~pMnponaniiH i'3o6paJKeHIIH neo6xo,n;nMo ucnoJlb-

30BaTb TOHKYIO ITJiaCTHHY o,n;noro II3 llOJIYllpOBO,ll;HliKOBhlX MOHOKpHCTaJIJIOB 

r 

! } I, "., r{m· .. 
z • l~~M~®!W!I!~j-tE 

2 

3 

4 

~·5 

Pnc.l. 
CxeJ.m pa.zvmn11oHHO cTofiKoro JJ.e

TeKTopa npoCTpaHCTBeHHOfO pac

·npeJ],eJICIIiUI I!MllYJihCHOfO llOTOlla' 

6blcTphlx 3JieRTponoB. Ag - TOHR!!ll 

.'enol! cepe6pa; 1 - npHeMIIaJI nna

CTI!Ha 113 aKTIIBHOfO (lA) ~ naccH

Bl!OfO (lP) cnoeB; lE ·- nonynpo:· 

3pa'IHhlfi 3JieKTpOJJ.; 2,4 - OllTOBOJIO-' 

ROHHble mryThl; 3 - ycHm!TeJih 1130-

6pameHHH; 5 - II3C-MaTpH~a . 

(GaAs, CdS, CdSSe·, ZnSen ,n;p.), rnupoKo ucnoJII>3yeMhlX n I{aqecTne Jia-

3epnhlx MaTepuaJioB ,n;JJJI aKTIIBHhlX, aJieMeHTOB KBaHTOCIWIIOB [7]. B OTJIII

"'!He oT ,n;pyrnx 'cJ:J;IIHTIIJI~Topon 3TH KpiicTaJIJlhl coqeTaiOT xopornue JIIoMII

necneHTHhle u aJieKTponpono,n;n:m;ue (Pe < )06 OM·CM rrpH T .=. 300 .K) 
cnoitcTna [8,9]. Han6oJiee orrTIIMaJlbHhl:M cperor ·HHX JIBJJJieTcJI apcen~,n; 
raJIJIIIH, o6Jia,n;aiOII(liH MaKCHMaJibHOH a<P<PeKTHBHOCTbiO renepanHII H3JIY

"'ICHIDI npii HaKaqKe 3JICKTpOHHhlM nyqKo1f [7] II BhlCOKOit ·pa,n;nau;~~~Hoit 
cToii:KoCTbiO [10,11]. Ba.lKHhlM <PaKTopoM JIBJJJieTCJI To, :,ITO rrpu n3aHMo,n;eit

cTBHII C 3JICKTpOHaMH OR HHTCHCH~HO H3JIYqaeT B ,IJ;JIHHHOBOJIHOBOH o6JiaCTli 

(>.JGaAs = 800+ 1500 HM [7,12,13]), r,n;e Koa<P<PnnueHT ocJia6JieHIIH II3JIY

qeniiH n pa3JIIIqHDI£cneTono,n;ax n nJIIIJIHIIe,pa,n;nau;uH na ux npo3paqnocTb 

MHHHMaJlbHhl [10,14]. 9<l><PeKTHBH<lJI reyfiHHa llpOHIIKHOBCHliJI 3JICKTpOHOB 

n ,n;aHHhlit noeyrrpono.n;HIIK (PJGaAs = 5.4 r I cM3) ou;enunaeTCJI c rroMOIIJ;biO 
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BhlpameHIIH 

ZeJGaA.[MKM] ~ 5 ·10-2 Ee + 1, 2 · io-3 E;, (1) 
r,n;e Ee - anepriiJI aJieKTponon n KHJI~3JICKTpOHBOJlbTax [7]. Ilpn aToM npo

u;ecchl paCCCJIHIIH 3JICKTpOHOB II .n;n<P<PY3HH HepaBHOBCCHhlX HOCHTCJICH yne

JIIIqiJBaiOT pa3Mep B036ym,n;eHHOH 06JiaCTII KpHCTaJIJia. IlpoCTpaHCTBCHHaJI 

3aBHCIIMOCTb IIJIOTHOCTH. BepOJITHOCTH pacceJIHHhlX. 3JlCKTpOHOB, onpe,n;eJIJt

CTCJI pacnpe,n;eJieHIIeM <I>epMH 

1 r 2 · • 
W(r· Z) = --

2 
exp(--z), 

' 7r·ro ro 
. ' (2) 

r,n;e r;( Z) = 4Z
3 I3Ze, r - paccTOJIHHe oT ocH rra,n;arom;ero 6ecKonequo Ton

Koro 3JICKTpOHHoro ny"'!Ka·, Z- rey6HHa llpOHIIKHOBCHIDI 3JICKTpOHOB n o6pa~ 
~en, 113MCpJieMaJI B,ll;OJlb OCII rryqKa. B COOTBCTCTBHH C llpHBC,ll;CHHhlMH n' [7] 

pe3yJibTaTaMu, ,n;JJJI pacnmTpunaet<roro noToRa aJieKrponon (Ee= 327 KaB) n 

TOJim;IIHhl nJiacTHH:hl apceHII,n;a raJIJIIIH, npenhlrna~m;eit ZeJGaAs, rrpoJIBJienne 

,n;n<P<PY3HOHHhlX llpOIJ;cCCOB MaJIO, I1, CTeiieHb pa3MhlTIIH OITTII"'ICCROro li30-

6paJKCHH~ MO.lKHO ou;enHTb BeJIIIqnnoit· 1, 5r0 (Ze) ~.1,·7Z.;JGaAs .~ 250 MKM~ 
B CBJI3H c 3TIIM, ,ll;JJJI Toro "'!To6u yeyqrnJITb TO"'IHOCTb COOTBCTCTBIIH am~K
TpOHHoro II orrTJiqecKoro. npocTpaHCTBeHHhlX pacnpe,n;eJieHHit, npii:eMB:yro. 

ITJiaCTllHY 1 neo6xo,n;HMO BhlllOJIHHTb B DII,n;e ,n;nyxcm):il:noit CTPYKTyphl naxo~ 
~ ; . ' 

,n;JIIIJ;IIXCJI D OIITII"'ICCROM ROHTaKTe MaTepHaJIOB, BhlllOJIHJIIOII(IIX pa3IDI"'!HhlC 

<l>YHKn~H. ARTHnnhlit cJioit 1An3 G11As ToJim;Ii!Ioit :6-a ~ 40 Mmr <PopMn-

pyeT OITTII~ICCROC li3ofipaJKeHIIe IrpOHIIRaiOm;ero 3JlcKTpOHHOrO ITOTO!{(l C Tpe-

6yeMoii llpOCTpaHCTBCHHOit TO"'IHOCTbiO ~ 40' £mil. Ilpll 3TOM BRJia,IJ; ,n;Hcp

<Pyi'lHOHHOro pa3MhlTIIH OII;CHIIBacTCJI DCJIIItliiHOH ~ 5 ,1IR1f. 1.JT06hl CBcCTII 1K 

MIIHHMYMY npocTpaHcTnennyro neo,n;n~po,n;nocTb pa,n;nau;uonnoro ~~pJI,n;a · n 

3TOM CJIOe II CBJI3aHHOe' C Heit IICRal!{CHHe OllTJiqecKoro II306paJKCHIIH ITOT<)Ra 

3JICKTpOHOB, a TaKJKC yJIYqiiiHTb YCJIOBIIH CBCTOC60p~, Ha BIWIIIHIOIO nonep~ 
XHOCTb CO CTOpOHhl ny"'!Ka HallhlMCTCJI TOHKHit ( ~ 150 H1I) CJIOft cepe6pa, 

. ' . 
niJnoJIHJirom;ero poJlb reyxoro 3epKaJia, naxo,n;JIIu;erocJI no,n; noTeHniiaJioM 

3eMmi:. ·:s aToM ceyqae, xapaKTepnoe npeMJI peJiaKcaniiH 3apJI,n;a ou;eHIIBa

eTcJI neJIJiqiinoit Tr( GaAs) ~ EEoPeJa < 10-4c n 3aBIICIIMOCTII OT J.l(eJlbnoro 

ConpOTIIDJICHIIJI Peia HCITOJlb3YCMOro MOHOKpiicraJIJia.n KOHKpcTHhlX pa,n;na

Il;IIOHHhlX YCJIOBIIHX (EE0 ~·1, 15 · 10-IO <!>IM - a6COJIIOTHaJI ,n;H3JICKTpnqe-. 

CKaJI npoHIInaetrocTb · apcenii,n;a·raJIJIJIJI). Cepe6pJIHoe noRphlTne oTJiHqa

eTcJI ycioitqnnoCTbiO K no3,n;eitcTnnro rrpoHIIKarom;ero aJieKTponnoro · ny"'!Ka, 

MaJroit xHMIIqecKOII aKTIIDHOCTbiO ITO OTHOIIICHUIO K llOJIYIIpOBO.n;HIIKy II KOM

llOHCHTa:M ero pa.n;noJIII3a, a TaKJKe o6ecne"tJIIBaeT MaKcrumJlbHDiii Itoa<P<PII

D;IIcHT oTpa)l{eHIIH (,...., 1) H3JIY"'ICHIIH co cTopOHhl GaAs [7]. IIaccJIBHhlit 

3 



c_ JIOH rmacTHHiii lP B :im,D;e orrTonoJio:Koimofi mall:6Iii BhliTOJIHJieT pom, rrorJio

THTCJIJI rrpome,z:urm:i;;meRip(mon, rrporryc~aroiu;ero6e3 IICKameHIDI' cneTonoll: 

rroToR oT apceHII,ll;a raJIJIIDI. IIpn. 9TOM ero co6_cTneHHoe ( ¢oHonoe) II3Jiy

•IeHHe, C03,D;aiOm;ee paiJMiiiTYIO qaCTb II306paJReHIDI, ,D;OJDirnO HaXO,ll;IITbCJI B 

,D;OCTaToqHo ·H30JIHponaHHoll: OT AJGaAs o6JiaCTH ,D;JIHH BOJIH . .Il:JIJI 9ToitrreJin, 

HarrpnMep, rro,D;XO,ll;IIT aMop¢HiiiH rronyrrpono,D;HHR GaP (>.JGaP = 510 7 

570 HM, PJGaP = 4, 14 rjcM3) TOJim;HHOil: t1b 2: 140 MRM, o6Jia,D;arom;nfi XO

pomeit rrpnMeCHOH rrpono,D;HMOCTbiO (Pe\GaP = 0, 1 7 10
2 

OM·CM), BiiiCOROH 

pa,D;HarrnoHHOH CTOil:ROCTbiO II 6JIH3RIIM R GaAs rroRa3aTeJieM rrpeJIOMJieHHJI 

~- 3, 4 ( n\GaAs = 3, 3 7 3, 6) D o6iracTII ..Z~JIHH BOJIH ¢oTOHOD >.. ~ AJGaAs 
[8-10,12,13]. B CDJI3H c TeM, qTo ¢oc¢n.D: raJIJIIDI JIBJIJieTcJI Herrp1IM030H

HiiiM IIOJIYIIpOBO,ll;HHROM, B03MOJRHa TOJibRO "Heiipm..iaJI" (HaiipiiMep, C yqa

CTHCM ¢oHOHOB) H3JIYqaTCJIDHaJI pe~OM6HHaiiH1I ero CBOfiO,D;HiiiX HOCHTCJICH 

·ToRa, HaXO,ll;JIIIl;IIXCJI Ha KpaJIX COOTDCTCTDYIOIUHX 30H (naJieHTHOil: II IIpOBO

,ll;HMOCTII). ITo non rrpnqiiHe Ro9¢¢nrrneHT H3nyqaTeJI»Hofi peRoM6imaiiiiii 

9Toro MaTepiiaJia 6oJiee qeM Ha qeTiiipe rropJI,D;Ka MeH»me, qeM y apceHII,D;a 

raJIJIHJI (eM., ~arrpnMep, [15]). TaKHM o6pa3oM, cneTODiiiXO.D: rraccunHoro 

cJIOJI 6y,n:eT orrpe,D;eJIJIT»c.ir n ocHonHoM. peRoM6IIHarrnell: HepanHonecHiiiX :Ho

cnTeJiell: (co3,D;anaeMiiiX 3~~RTp~HHiiiM nyqKoM) ~epe3 npnMeCH. IIpll: ~;0~ 
IIO,D;6opoM. JiernpoBaHHJI ¢oc¢n,D;a raJIJiliJI MOJRHO o6ecneqHTb MaJiyiO HH

TCHCIIBHOCTb ero II3JIYqeHHJI ITO cpaBHCHIIIO C aRTIIBHiiiM CJIOCM, IIpli npii~. 

eMJieMoM y.D:eJIDHo:McorrpoTHIIJieHnn. · Ha nliiXO.D:HYID nonepxri:ocT» rrp~~J~.l:Hoft 
nJiaCT~H:i.r HaiiiiiJIJICTCJI rronynpo3paqHiiiH 9Jie~Tpo.D: IE .D:JIJI peJiaKcarrnn pa

,D;narrnoHHoro 3apJI~a B naccnnHoM ~Jio~. C yqeToM Heo6xo,D;HMOCTIIOTceqKH 

¢m'ronoro II3o6pameHIIJI 9JieRTpOHHor.o rryqKa, co3,D;anaeMoro 9TIIM. cJioeM, 

,D;aHHhlll '9JICRTpO,ll; IICJI~coo6pa3HO BiiiiiOJIHIITb B DII,ll;C aMop¢Hofi rrpmio,D;JI

m;efi n~eHRII TOJI~IIHOH. rv 1 MRM II3 apceHII,ll;a raJIJIHJI c R09q>cpiiiiiiCHTm.i 

norJiom;eHIUI II3nyqeHHJI 'oT GaP paDHiiiM ~ 7. 104 c~- 1 [8]. . ' 

B npe,ll;lloJioJReHnn raycconcRoro pacnpe,D;eJieHHH noTep» 9Heprnn 9JieR

TpoHon no TOJIIUIIHC KpncTa~Jia (DEe/ 8Z), IIpnne,D;eHHoro n [7], OTHOCHTCJib

Hoe yMeHbllCHHe' ee BeJIHqliHiii IIOCJIC aRTliBHOrO CJIOJI OIICHHDUeTCJI Biiipa-
:.. . . ' ' " ~ ' ( 

JRCHIICM 

l1Ee1~f Ee ~ 0, 4 - 0, 6 · er f(O; 7- 1, 6t1a/ Ze\GaAs)· (3) 

. .lJ:JIJI paCCMUTpiiBaeMiiiX 9JICRTpOHOB II BiiifipaHHOrO 3HaqeHIIJI t1a ITOJIYqaeM 

l1Ee\a ~ 80 R9B. MaRcnMaJIDeyiO 9¢cpeRTIIDHOCTb npeo6pa3oBaHIDI noTe

pHHHOH 9Heptnn D II3nyqCHIIC npJIM030HHOro ITOJiynpOBO,ll;HIIRa MOJRHO npe,D;-

4. 

' ff 
j 

' 
\ 
i 

t't 

1 

I. 

i 

CTUDliTb B Bll,ll;C , 

G-y ~ c9 • [5/4 -ln(Z.)/6] , 
(2, 8c9 + c~)(l +As. nc. c;7

/
3
)' 

(4) 

r,D;c c9 - IIIHpiiHa 3anpemennofi 30Hiii [9B], nc - RoHrre:H:i:paunJI ciio6o,D;HiiiX 

HOCIITeJieii 3apJI,D;a [cM-3], A .. - 9Mrrnp~qecKaJI rrocTOJIHHaJI, z. ~ cpe,ll;Hllil: 

UTOMHiiiH HOMep DCIIJ:CCTBa, a. 0, 5 ::; c~ :::; 1, 0 9B D .3UDHCHMOCTH OT qii~ 

CJia reHepnpyeMiiiX <l>OHOHOD, IIpi1XO,ll;JIIUIIXCJI Ha 9JICMCHTapHiiiil: aRT liOHII-

3aUIIII. .lJ:aHuoe· nlilpameuiic noJiyqcuo c ncnoJib3onauneM' K09cP¢nrrneuTa 

Au,D;epcoua .D:JIJI noTepr, 9Hepriin rrpn o6paTHOM pacceJIHmi' 6IilcTpiiix 9JICR

Tpouon [7] n ITOJIY91!IH~pn'IccRoft ¢op:r-~yJIIii .D:.r.ill 9Heprnfl Eep reuepaun11 

9JICKTpOii:HO-,ll;IiipO'IHOH nap Iii [13] c y'IeTOM DRJia,D;a ee. 6e3Iii3Jiy'IaTeJibHOH 

peR<ll\16nuauim 'Iepe3 Ome-9JICRTpOHiii [16]. McrrOJib3YJI ,ll;JIJI apccHII,D;a raJI

JIIIJI 3Ha'I_CHIUr Zs = 32, EgJGaAs ~ 1, 43 9B II Eep\GaAs ~ 4, 7 9B, UaXO,ll;IIM 

G"i'\GaAs ~ 0, 14 n cooTneTcTnyromyro 'orreuKy N"i'\a ~ 8 · 103 _qncJia ¢o

Touon C 9HCprnell: 6JIU3ROH K EgjGaAs' reuepnpyeMiiiX 6IiiCTpiiiM 9JICKTpOHOM 

(Ee = 327 R9B) B UKTIIBHOM CJIOC. 0THOCIITCJibHiiiH DiiiXO,ll; 9TOro II3JIY'ICHIIJI 

n cTopouy nacciiDnoro CJIOJI rrpncMHoil: rrJiaCTIIHiii oucunnaeTCJI neJIIIqnuoft 
[7] . . . . 

. fa~ (1- R2)[1 - exp( -xat1a)][1 + R1 exp( -xat1a)] 

· 2xat1a[1.-RrR2cxp(-2xat1a)]· . 
(5)· 

r,D;e R 1"II R 2 - Ko9¢<pnuiieHTiii oTpameuiiJI reuepnpye:r-mx <poTouon oT rro

nepxHocTeft co cToponlii rra,D;aromcro rry'!Ka II rracciinuoro CJIOJI coOTJ?CT

cr"neuuo,. X a - Ko9qHpHIIIICHT Hepe3ouaucnoro rrorJiom;cniiJI. IIoJiaraJI R 2 << 
1, R 1 ~ .1 II IICIIOJib3JJI .D:JIJI GaAs 3Ha'ICHIIJI X a = 10 7.100 c:r-C 1, rroJiyqaeM 

f~ ~ 0, '95 7 0, 70. C y'IcToM 6JIII3Knx rroKa3aTeJieft rrpeJIOMJICHIDI apceun,D;a 

raJIJIM II cep,D;rreniiHiii riomnwu rracciinuoro cJioJI, 3<lHl>,eKTnnuocT» 3axnaTa 

IIOJIC3uoro II3JIY'ICHIIJI ,ll;JIJI Tpaucrropni:ponKn K Toprry rrpiii;.Muoft IIJiaCTIIHiii 

panna 

( 
. no ·) 1- - ' 7]c ~ "Sr n\Gal' (6) 

r,D;c Sr - OTHomeuiic IIJiom;a,D;n Toprra ccp,ll;IlcBuHiii noJIORHa K ero ce'!enuiO, 

a n 0 ~ 1, 4 7 1, 6 - noKa3aTeJib rrpeir:oMJieuuJI o6oJIO'IRU . .Il:JIJI rrpe.n;oTnpa-. . . 
IUCHUJI OIITU'ICCKOil: ,CBJI3II MCJ:K.D:Y COCC,ll;HUMU KaHaJiaMII, yxy,D;IIIaJOIIIeii rrpo-

CTpaHCTB~HHOe pa3pCIIICHIIC, Ha o6oJioqKy HUHOCIITCJI TOHKIIii II~lrJIOIIl;<UO

Ill;IIH cJioii, HarrpnMep, CIIJIIHWHonoil: pe3IIHb1. IIpu conpeueHHiiiX noJMOlli

IIOCTJIX TCJ{HOJIOriill :t-.10JRHO paCC'IUTiiiBaTb Ha II3rllTOBJICHllC !l>OC!lHI.zi raJ!~ 

JIUCBiiiX miH:a~mi, C03,ll;~IOIIl;~IX IIIar CTPYRTYPiii naccnnuoro ('Jl()JI ob ~ 15 ..;- . 

20 MR11 Ilflll T~JIIIl;liHC JOlOIIHOii'ofioJIO'IRli 273 MR1L fi KOHI''IHOMIITO~<' ,ll;JIJI 
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.D;aJibHCllliiCll TpaHCnOpTIIpODKII npiie.MHaJI n.JiacTIIHa cpopMIIpJCT onTII'IC

CKOC II30fipalRCHIIC II3 JV.yll ~ (1 7 3) · 103 <pOTOHOD C .D;jiiiHOll DOJIHhl AIGaAs, 

Ha O.D;UH na.n;aiOIUIIll 3JICKTpOH. 

KoHnepTop 11 ero pecypc np11 q>oHOBOM raMMa-HeihpoHHOM 

o6JiyqeHHII 

fipii ofinyqe,I;£IIII noJiynpOBO.D;HIIKa BhlCOK03HepreTII'ICCKIIMII 3apJilRCH

HM1fii qacTIID;aMII, HeftrpoHaMII IIJIII /~KBaHTaMII no3MOlRHhl coy.n;apeHIIJI, 
' ,,' 

npii KOTOphlX aTOM OT.D;at:III noJiyqaeT 3HepriiiO,.D;OCTaTO'IHYIO .D;JIJI BhlXO.n;a II3 

y3Jia KJ>IICTaJIJIII'lecKoil peiiieTKII. Ilpii 3TOM no3HIIKaiOT pa3JIII'!Hhle 'pa.n;IIa

:u;IIoHHhle .n;ecpeKThl CTpyKTyphl, .BJIIIJIIOIUIIC Ha 3JICKTpii'ICCKIIC II onTII'ICCKIIC 

. cnoftcrna noJiynpono.n;HIIKa [8,11,17-21]. HanpiiMep, .n;JIJI 6McTphlx ~JieKrpo
HOB C 3Hepriieft,He npeBhliiiaiO:m;eft HCCKOJibKO M3B, xapaKTCpHhl rrpoCThlC 

TO'IC'IHhlC .n;ecpeKThl, y;n:eJibHC1Jl IIHTCHCIIBHOCTb o6pa30BaHIIJI KOTOphlX IIMCCT 
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Ee [KoB]. 

Puc.2. 3aBI1CllMocTh Iw-

3<jl<jliii\I!CHTa 3aXBaTa I!OCI!

TCI1CH 3apnt~,a D.nJ F~ t~,c~ 
<jleKTaMI! B apcenl!t~,e ranni!H 

OT 3Hepnm 311CKTpOHOB Ee 
(113 o63opa .LJ:.Jlanra B [18]). 
CTpenKaMI! oTMc'lei;~I rropo

roBhle anepr!!l! t~,c<jleKT~o6- · 

pa3oBaHI!H 

, HJ>Ko· nhlpameHHhlll noporonhlft xapaKTep n npiicyrcrmm cJia6oro no.n;nopo

ronoro cpoHa. B Ka'ICCTBC npiiMepa 3TOro, no .n;aHHhlM pa~JIU'IHhlX 3KCnepii

MCHTOB, Ha piic.2 npiine.n;eHa 3aBIICIIMOCTb K03cpcpii:u;IIeHTa 3axnara HOCIITe

Jieii: 3ap~.n;a ll'de[c:r.c1] = b.nc/ Fe (Fe - cpJIIOeHc na.n;aiOIUIIX 3JieKrpoHon) .n;e

cpeRTaMu B apceHII.D;e raJIJIIrn OT 3Hepriiii 3Jiei<TpOHOB. fipii.3TOM noporOBaJI 

3Hepnm .n;e<peKTOo6pa30DaHIIJI 1:1 GaAs npu' re1meparype T ~ 300 'J(. co-
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cranJIJieT EediGaAs ~ 230-;-280 K3B B 3aDIICIIMOCTII OT opiiEmTaD;IIII KpiiCTaJI-· 

JIIIt:IecK'ffx o6p~i3:u;on: AHaJioriit:IHaJI neJIUt:IIIHa .n;JIJI cpoccpll:.n;a raJIJIIfJI oi:J;e

HIInaercJI KaK EediGaP ~ 130-;- 240 R3B. TaRIIM o6pa3oM, periicTpiipye:r.rne 

3JieKTpOHhl nona.D;~IOT B aKTIIBIIhlll II naCCIIBHhlll CJIOII npue:r.moii: nJiaCTIIHhl 

.n;eTeKTopa c 3Hepriieil, npenhliiiaromeil coorneTcrnyroillllil nopor .n;ecpeRTo

o6pa3onaHIIJI, B cnJI3II c 'reM, ..Jro ieMrreparypa orlRIIra .n;ecpeRron n GaAs II 
GaP 3H~'IIITeJibHO nhliiie KoMimrHoft [18], nx HaRonJieHIIe npii .D;JIUTeJibHOM 

OfiJiyt:IeHIIII 3JieKTpOHaMII, /-RBilHTaMII II HC:il:TpOHaim MOllieT C~eCTBCHHO 
BJIIIJITb ·Ha pacc~mrpeHHhle Dhliiie xapaKrepncTIIrui: cJioen. · B qacTHOCTII, 

B COOTBCTCTBIIII C npiine.n;eHHhlMII B [8,19] pe3JJibTaTaMII )J.JIJI fioMfiap.z:ui:

pJIO:W:IIX 3JieKTpOHOB C 3Hepriieft HeCKOJibRO Mera3JieKTpOHBOJibT, 3aMeTHOe 

pa.n;IIaD;IIOHHOC. IICKallieHIIe cneKTpOB norJio:m;eHIIJI II II3.7IJ'IeHIIJI apceHII.n;a 

raJIJIUJI B npe.D;CTaBJIJIIOIUeft IIHTepec OfiJiaCTII,.D;JIUH BOJIH HafiJIIO.D;aeTCJI yme 

.npll:'cpJIIOeHcax Fe ~ 1015 -;.: 1017 CM-2 n 3aBIICIIMOCTII OT KOHD;eHTpa:u;nn 

CBOfiO.n;HhlX HOCIITeJieft TOKa II MOIUHOCTII II3JIY'ICHIIJI. 

Jii3MeHeHIIe OnTII'ICCRIIX II 3JieKTpiit:IeCKIIX CBOUCTB noJiynpOBO.n;HIIKO

BhlX coe.n;nHeHIIll no.n; .n;eftCTDIIeM pa.n;ua~IIII BCCbMa MHQrorpaHHO II ofihl'IHO 

oniiChlBaeTCJI B paMKax cpeHOMeHOJIOriiqeclrn:x Mo.n;ei:re:il:. HanpiiMep, rrpii 

MaJIOll poJIII KOMnJieKCOB pa.n;na:u;IIOHHhlll .n;ecpeKT .:. aTOM npiiMeCII II npe

He6pemeHIIII .D;JIIIHOU .n;ncpcpy3IIII HepanHOBeCHhlX 3apJI.D;OB no cpanHeHIIIO.C 

npo6eroM 6oM6ap.n;npyiO:m;n:k qacrn:u;, ¢y:HK:u;IIoHa.rrbHhle oco6eHHOCTII yMeHb

IIIeHIIJI IIHTeHC~BHOCTII II3.7IJ'IeHIIJI J(Fr) apcerm.n;a raJIJIIfJI Mo}Irno npe.D;CTa-
.,., ... . 

DIITb B BII.D;e 

J(Fr) = J(Fr = 0)(1 + Bdr · Fr · n;m)-l, (7) 

r.n;e Fr[cM2] - cpJIIOeHc 3JieRTpoHon, !-RBaHTOB IIJIU. HeftrpoHOB coorneT

crneHHO (r. = C;/,n); m = l.n;JIJI /~RBaHTOB II 3JieKTpOHOB C 3Heprn~ft 

MeHbiiie IIJIU nopJI.n;Ra HecKOJibRIIX M3B; m = 0, 5 .D;JIJI 6hlcTp~x peaR

TopHhlX · HellTpOHOB II xapaRTepii3yeT peKOMfiiiHaD;IIIO HOCIITeJiell TORa B 

OCHOBHOM Ha ofiJiaCTJIX CROnJieHIIH .n;ecpeKTOB ( ofiJiaCTJIX pa3ynopJI.D;O'leHIIJI)j 

· Bdr onpe.n;eJIJieTCJI TIInOM .II ~Hepriie:il: qacTIID; pa.n;na:u;nn, cRopocTbiO nne

.n;eHifJI .n;ecpeKTOB (MO:W:HOCTbiO .D;03hl) II npaKTII'leCRII He 3.aBIICIIT OT T~na 
(n'- HJIII p-) II creneHII .ITernponaHIIJI GaAs (c.M., HanpiiMep, [l9,21] II 

Ofi3op .IJ:.Jiama B [18]). Ilpe.n;cTaBJIJIIO:W:IIe IIHTepec 3JieKTp1I'IeCRIIe CBOll

CTBa nonynpOBO.n;HIIRa xapaKTepii3YIOTCJI . ero. y;n:eJibH~IM conpOTII~JieHIIeM 
Pe = (e; nc· · Uct\ ·r.n;e Uc - no.n;BII)KHOCTb HOCUTeJiell TOK~ (3JieRTpOHOB 

IIJIII ,lJ;hlpoK). B cnoro oqepe.n;b pa.n;na:u;IIoHHoe yMeHbiiieHIIe RoH:u;eH:'rpa:u;nn, 

no.n;BII)KHOCTII n npeMeHII lRII3HII H:ociiTeJie:il: TORa onpe.n;eJIJICTCJI K03cpcpn

:u;IIeHTOM o6pa3onaHIIJI .n;ecpeRron ( b.nd/ Fr. nd - KoH:u;eHrpauiiJI .n;ecpeRTOn ), 

- JIBJIJIIOilliiXCJI nperury:m;eCTBeHHO D;eHTJ?aMII 6e3hl3JIY'laTeJibHO:il: peROMfiiiHa-
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n;n:n:. B KOHC'IHOM HTore .n;aHHIJ:ii napaMeTp onpe.n:eJIHeT 3Ha'leHn:e Bdr n: 

H3MeHenne BCJIH'IHHIJ Pe. 
Ilpn: aHa.JIH3C pa.n;n:an;HOHHOro B03,ll;CHCTBIDI Ha noeynp.OB?.D:HHK H cpa

BHCHHH :OlKCnepHMCHTaJThHIJX pC3JJThTaTOB MCJR.D:Y cofio:ii HeofiXO.D:lfMO J'lH

TIJBaTI, BJIIIJIHHe MOIIUIOCTH .n;o3IJ 6oM6ap.n;n:pyromn:x '!acnin;. B 'l<J:CTHOCTH, 

H3 npHBC,ll;CHHIJX B 063ope .[(.JlaHra pC3JJThTaTOB ( CM.[18]) ~neJzyeT, 'ITO ,ll;JIH 

9JICKTpOHOB C 9Heprn:e:ii 1 M9B OTHOCHTCJThHIJC H3MCHCHIDI nJIOTJIOCTH HX 

nOTOKa H KOHD;CHTpaD;HH pa.n;HaD;HOHHIJX .n;ecpeKTOB B <l;PCCHH,ll;C raJIJIHJf CO

I'JiaCJIOTCJI MCJR.D:Y co6o:ii no nopJI.D:KY ne.JIH.qHHIJ npn: TOM }l{C cpJIIOeHce Fe. C 

J'ICTOM 9TOrO H CJiafioro H3MCHCHIDI K09cpcpn:n;n:eHTa .n;ecpeKT~o6pa30BaHHJI B 

.n;n:ana30HC 9Heprn::ii 9JICKTpOHOB npeBIJIIIaiOIUHX HCCKOJThK~ JYhB, ,ll;JIH on;e

HOK Bde MO}l{HO BOCITOJTh30BaTI>CJI pe3JJThTaTaMli pa60TIJ [22] no H3MCHCHliiO 

HHTCHCliBHOCTH Rpaeno:ii KaTO,ll;OJIIOMliHCCD;CHD;HH B JCJIOBliJIX MaJIIJX liHTC

rpaJThHIJX noTOKOB Fe, Kor.n:a nc(Fe) ~ nc(Fe = 0). IloJiy'leHHaJI npll 9TOM 

neJIJI'lliHa cocTanJIHeT Bde(Ee = 2, 5 MaB)~ 5 ·103 cM-1 li c y'leToM npRne

.n;eHHO:ii Ha pn:c.2 3aBliCliMOCTH COrJiacyeTCJI C nOJIJ'lCHHIJMli B [21] pe3JJil>

TaTaMli .D:JIH Ee = 7 M9B, a .n;JIH perliCTpllpyeMIJX 9JICKTpoHon on;eHJinaeTcJI 

RaK Bde(Ee :::::::; 327 K9B)~ 50 CM-1. .[(e:iicTnlie 1-H3JIJ'lCHliJI c 9Heprne:ii 

KBaHTO~ ,...., M9B Ha GaAs li GaP npaRT~'le~Kli noJIHOCTI>IO cno.n;JITCJI K 

C03,ll;aHHIO KOM~ITOH-9JICKTpOHOB (BKJia,ll; ~CTaJII>Hhl~ KaHaJIOB MCHl>IIIC npo

D;CHTa) C nOCJIC.D:JIO!UliM BHJTpeHHHM OfiJIY'lCHliCM noJiynpOBO.n;HHRa: liJ 
aHa.JIH3a pe3yJII>TaTon, npRne.n;eHHIJX n o63ope [19], cooTneTcTnyrorn:ee 3Ha

~ieHJie Bd1 (E1 = 1, 25 ,l\hB) .n;JIH apcenn.n:a raJIJIHJI on;eHJinaeTcJI Kai< ~ 30-;-

40 cM-1 . .[(JIJI 6IJcTpiJx peaKTOpHIJX He:iiTpoHon c 9HeprRe:ii Er. MCHI>IIIe liJIII 

nopJIMa HCCKOJII>KliX M9B li MaKCliMaJII>HO:ii: liHTeHCliBHOCTI>IO npll En ~ 
1 M9B, ce'lenne cMern:eHIDI aToMa npaKTH'lCCRli nocTOJIHHo, a Bdri ~ 
5 ·10-5 cM112. Y'lliTIJBaJI TOT cpaKT, 'ITO 9cpcpeKTliBHOCTI> .n:ecpeKToo6pa3ona-' 

HliJI nponopD;liOHaJII>Ha HCliOHH3aD;liOHHIJM noTepJIM HaJieTaiOIUliX '!aCTliD; B 

IIIllpOROM ,ll;llana30HC liX 9HeprliH, a ,ll;JIJI HepeJIJITliBliCTCKHX HC:iJ:TpOHOB no-

. JIOrJI:ii MaKCliMJM 9TliX noTepi> npliXO.n;HTCJI Ha liHTepnaJI En ~ 1 ...;- 10 M9B 

(eM:, HanpliMep, [21,23,24]), .n:annoe 3Ha'!enn:e Bdn MO}l{HO Jicnom.3oBaTI> 

,ll;JIJI OD;CHOK DO Bd~M. anepreTli'lCCKOM CTICKTpe HCHTpOHHOH KOMnOHCHTIJ 

aHa.JIH3Ii:pyeMOH cpoHOBOH pa.n;n:an;Hll.- TaRliM o6pa30M, B COOTBCTCTBllli C BIJ

pa}l{CHIICM (7) 3aMCTHOC II3MCHCHIIC II3JIY'laiOIUliX CBOHCTB aKTIIBHOro CJIOJI 

(Bdr · Frlmax · n'-;m ~ 0, 2) CJie.n:yeT O}l{H,ll;aTI> npii cpJIIOeHcax 1-KBaHTOD 

F"fimax ~ 6 : 10-3nc [cM-2
] (D'Yimax ~ 3 . 10-12nc [pa.n:(Si)]), q>OHODIJX 

HCHTpOHOB Fnimax ~ 4 · 103 Fc [cM-2] II perllcTpiipyeMIJX 3JICKTponon 

Feimax(Ee = 327 K9B) ~ 4 . 10-3nc [cM-2]. CJie.n;onaTCJThHO, ,ll;JIJI paccMa

TpnnaeMIJX nOTOKOB 9TIIX '!aCTIID; ,ll;OMliHIIpyiOIUIU·~ JIBJIJICTCJI pa.n;n:an;IIOHHOe 
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no3.n;e:iicTBIIe 6IJcTpiJMII He:iiTpoHaMII. B 'laCTHOCTII,·_npii ·ucnom.3onanliii 

apcenii.n:a raJIJIIIJI c KOHn;enipan;iie:ii HocnTeJie:ii TOKa nc ~ 5 · 1019 n.c3 

noJiy'!aeM 3Ha'leHIIJI F1 imax ~ 3 · 1017 'cM-2 (~ 2 · 108 pa.n:(Si)), Fnlinax ~ 
3·10

13 nc2 
II Feimax(Ee::;, 327K3B) ~ 2·1017 CM-2 • Y'liiTIJBaJI 3aBHCIIMOCTh 

rro.n:nn}l{HOCTII 9TliX Hocn:Tene:ii o:r Konn;enTpan;n:n: Jiern:pyrorn:nx npn:Mece:ii n 

GaAs (eM., narrp:ci:Mep, [22]), · .n:aniroe 3HaqeHne nc cooTneTcrnye:r. y,neJII>

no1ry corrpOTliDJICHiuo aKTnrinoro c'JIOJI Peia' < 10-3 OM. CM (T ~ 300 K): 
OcnoniJnanci> na npe.n:cTamrenHIJX n-'o63ope [20] pe3ym.:raTax, -Mo}l{Ho no

JiaraTI>, qTo ·.n:JIJI :raKoro nonyiipono.n;Hnrm- .n:ani>He:iiiiiee pa.n:nan;nonnoe yne

nnqenne Peia .n:o .n:orryc:rnMo:iJ: nennqunu nacTyrrnT rrpn cpnroencax, na ne-· 

CROJII>KO IIOpJI.n;KOB IIpCBIJIIIaiOIUliX IIOJiyqeHHIJC BIJIIIC 3HaqeHIDI: Ilpn TaKIIX 

Frirnax(r = e;,; n) MO}l{Ho TaK}l{e rrpene6peqi, li3MenenneM Ko3cpcpnn;neH:ra 

nepe3onancnoro nornorn:ennn Xa n niJpa}l{ennn (5) [19]. _ 

B cooTneTcTnnn c cpyn:Kn;noHaJII>no:ii pom.ro rraccnnHoro cnon rrpne:r-.nio:ii 

rrnacTHHIJ Han6o.Ji:I>IIIII:ii nnTepec rrpe.n;cTa_n~eT pa.n:nan;nonnoe ynennqe

nne K03<pcpnn;RenTa rrornorn:ennn nernponaHHoro cpoccpn.n:a rannnn n o6-

nac.Tn ,ll;JiliH BOJIH AjGaAs li JMCHl>IIICHIIC cro rrpono.n;HMOCTII (p~~). OcHoc 

niJiianci> na pe3yJII>Tanix pa6oT [19,20,23-25], ·a TaK}l{c yqnTIJnan anano

rnqHyro rrpiine.zienHo:ii Ha pnc.2 rropor<?BYIO JanncnMocn .n:e<l>eKToo6pa:io-· 

namm n GaP oT 3Hcprnn 3JICKTpoHoll [18], MO}l{Ho· rronaran, q:ro rrpn 

nc(GaP) 2: 4 · 1017 CM-3 II rroJiyqcnniJX 3naqe!lnnx .F,.·imax(r· = e, /, n), 
yRa3aHIIIJMIIII3~CHCHIIJIMII MO}l{H-0 npene6peql>, • 

TaRliM o6pa3oM, rrpone.n;eHniJc DIJIIIc· anaJIII3 n pacqcTIJ rroRa3hlDaiOT, 
• ' ! ,." ,, 

qTo D JCJIODIIJIX paCCMOTpCHHhlX IIOTOKOD periiCTpiipJCMhlX 9JICKTJ>OHOD II 

<po:Hono:ii raMMa-He:ii:rponn(n'-l: · pa.n;'IIan;nu MO}l{HO paccqn:rhlnaTI> H:a pecypc 

HCIIpephlBHOH pafiOThl npe,ll;JIO}l{CHHOH IIpM~MHOH nJiaCTIIHhl ,ll;CTeRTopa -
~ 8 · 103'qacon. 

Ycu:nu:TeJIL u: rrpu:eMHHK orrTu:qecKoro H3o6pamenu:n. 
<I>aKTop pa.n;uau;u:u: 

CcpopMnpona:nnoe na npneMno:ii rrJiacTune orrTnqecKoc U3o6pa}l{eHIIe 

npocTpa~cTneHHoro pacnpc.n:enemm IIMnyJII>cnoro :ro:roKa pcriicTpnpyeMhlX . 

9JICKTpOHOB ITO RBapn;CBOMy' OIITOBOJIOKOHHOMY }l{ry:ry 2 UCpc.n;a(iTcJI ycn

JIIITCJIIO II3o6pa}l{CIIIDI 3 (eM. pnc.1), BKJIIOqaeMOMY B HJmHhlii 1-.IOMCHT 

li Ha TpefiyeMhlH IIpOMC}l{JTOR DpCMCHII .. Ilo.n;ofinoc yrrpaBJICHliC ,ll;CTC'KTO

pOM MO}l{HO pcaJIII3onaTI>, nanpiiMep, rro.n;aqc:iJ: .n:~6JioKnpyroll(ero · IIMIIYJII>ca 

narrpJI}l{CHIDI na 3JICRTpo.n:, coa.n:arorn:II1i 3arrnparorn:cc .n;JIJI <lH>ToKaTo.n:a 3JICK: . 

Tpnq~cKoe IIf?~e. Cne:ronofr rro:roK oT ~y:ra rrocTyrr~C'T Ha <lJO:roK~To.n: qq>c3 

KBapn;enyro OIITODOJIOKOHHYJO IIIa:ii6y Y<"IIJIIITCJIJI U3o6pa}l{PHUJI, CO<TOJIIU,VJO 
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H3 aHaJiorn'IHIJX mryTy onTnlfecRnx noJioRoH. B cDJI3H c TeM, 'ITO pa.uu

anuoHHIJH <PoH y.MeHbUiaeTcJI npiiMepHo o6paTHO nponopn;IIomiJihHO pac

CTOJIHIIIO .UO ycRopiiTe~, .n:onyCTIIMaJI .UJIIIHa .UCTCRTopa MC)l{Jly npiie~IHOH 

nJiaCTIIHOH II _yCIIJIIITCJICM 3aDIICIIT OT pa.lllla:UIIOHHOH CTOiiROCTII nOCJIC

JlHCrO. ITpii 3TOM Heo6XOJlHMO TaRmc yq:n;TIJDaTb pa.llHOJIIOMIIHecn;eH:n;IIIO 

onTonoJIOROHHoro }l{ryTa II yxy.um:t;HIIe ero npo3pa'IHOCTII n <PoironoM raMMa

neitTpOHHOM U3JIY'ICHIIII. 8TO )l{C OTHOCIITCJI U . R yqaCTRY .UCTCKTOpa 4 

MciKJlY ycumneJieM u3o6pameHUJI II ero npueMmiRoM - IT3C-MaTpu:u;eit _5 . 

.l(JIJI ycUJICHIIJI OnTII'ICCRoro II306pameHUJI B 6JIII)l{HCH J1.K-o6JiaCTU cneRTpa 
.,1 . • 

c .UJIUHaMU BOJIH AIGaAs npe.n:cTaBJIJICTCJI onTuMaJibHIJM ucnOJib30DaHue yc-

Tpoii:cTB c cepc6pJIHO-KIICJiopo.uno-'n;e3UCBIJM <PoTOKaTo.n:m.r, Jiu6o c na nopJI

.UOK 60JICC liYDCTDUTCJibHIJM CTynenqaTIJM <l>OTOKaTOJlOM C OTpii:n;aTCJibHIJM 

3JICRTpOHHIJM CpO.UCTBOM Ha OCHODC no.UJIO)l{CK U3 noJiynpODO.UHIIKODIJX Ma-

' TepuaJion A3B5 (HanpiiMep, GqPj(In, Ga)Pj(In, Ga,As, P)j(In, Ga)As: 
Cs- 0) [26]. IlocJIC.llHU:ti: o6Jia.n:aeT DCChMa ~U3ROH qyncT~IITcJibHOCTbiO ~ 
cneRTpaJibHOM .UIIana30HC JIIOMIIHCCUCHUIIU KBapn;eDIJX U CliJIUKaTHIJX CTC-, 

KOJI ().1 :::; 650 HM [27-29]) U MaRCUI\faJibHOH 3<P<PeK~UDHOCTbiO·pe):'UCTpa
UUU noJie3noro U3JIY'ICHUJI. B JIIITepaType oTcyTcTnyroT .n:aHHIJe o BJIUJIHUU 

raMMa-Heii:TpOHHO~ pa.n:uan;uii Ha cneKTpaJibHYIO 'IYDCTDUTCJibHOC:rb pac

CMaTpiiDaeMIJX <PoTORaTOJlOD D JlHana30HC .UJ!UH BOJIH pcriiCTpupyeli;IOro U3-

JIY'ICHUJI. IIpune.uenniJe n pa6oTax [30,31] pe3yJioTaTIJ no pa.llllanuoHnoit 

CTOHKOCTU <PoT03JICKTpOHHIJX Y.MHOlliUTCJICH yKa3IJDaiOT Ha cymecTDCHHYIO 

3aDUCMMOCTb 3TOH xapaKTCpUCTURII OT ~una <l>8Y. Ilpu 3TOM Ha <PoHe JIIO

MUHCCUCHUIIII U YXY.UIIICHIIJI np03pa'IHOCTH ~XO.UHOro ORHa 3alfaCTYIO TPY.llHO 

noJiy'IIITb npe.UCTaBJICHIIC 06 3<P.<PeRTaX, CBJI3aHHIJX TOJibKO C Il3MCHCHUCM 

cnoilcTB <PoToKaTo.n:a n nymHoM cneKTpaJibHOM .llllana3oHe. Hanpu:Mep, na-. . . 

pJI.n:y c .uocTaTO'IHO BIJCOKOH ycToH'IIIBOCTbiO xapaKTepncTUK TpexmeJioq-

n~x <PoToKaTO.UOD K f'-U3JIY'ICHUIO 6°Co c~ 107 pa.u(Si)[31]) H DIJCOIW3Hcp

reTU'ICCKUM npoToHaM (Fp ~ 1013 cM-2 npu· Ep ~ 140 M3B [32]) n • .llllana-

30He .UJIIIH BOJIH A ~ 350 7 600 HM, OTMelfacTCJI nOBIJUICHHaJI pa.n:na:UUOHHaJI 

.n:erpa.n:an;UJI 3TOrO Tuna <PoTORaTO.UOB D 6JIIIlliHCH J1l{-o6JiaCTU A 2: 650 HM 

yme np:H <PJiroencax npoTonon Fp(Ep ~ 140 M3B) ~ 1012 nc2 [32]. TaKUM 

o6pa30M, HCCMOTpJI Ha JlOCTaTO'IHO DIJCOKYIO CTOHKOCTb MURpoKaHaJibHIJX 

nJiacTUH K no3.n:e:i1cTnuro raMMa-U3JIY'ICHuH c 3Heprue:i1 By~ 1 M3B. 

( ~ 106 pa.n:(Si) [33]), 6e3 .n:onoJIHUTCJibHIJX 3KcnepUMCHTaJibHIJX p~3YJib
TaTOB no .HeitTpoHaM TPY.llHO on;eHIITb pecypc ycnJIIITeJIJI u3o6pameHrm Ha 

ocHoBe MKIT u npe.n:cTanJIJirom:nx UHTepec <PoToKaTo.n:on n paccMaTpnna

CMIJX rroToKax · raMMa-neilTpoHHOH pa.uuanuu~ B cnH3U c 3TUM, Heo6xo

.UUMo opneHTuponaTbCJI Ha MaRcnMaJILHYIO .ummy }l{ryTa 2, ·KOTopaH onpe-
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.UCJIJICTCJI .n:onycTUMIJM ypoBHCM ero paJlHOJIIOMIIHCCUCHUim no cpaBHCHHIO 

C nocTynaiOIUHM Ha <PoTORaTO.ll noJIC3HIJM CBCTODIJM nOTOKOM OT npneMH!JH 

nJiaCTUHIJ .UCTCRTOpa. Ha n;eJiecoo6pa:mocTb- TaKoro rro.uxo.ua yKa3IJnaeT 

TaKme JlOCTaTO'IHO HU3KaJI (no cpaBHCHUIO C .upyrHMH 9JICMCHTaMII .UCTCK

TOpa) pa.llllannoHHaJI ~TOHKOCTb IT3C-MaTpnn;IJ u Heo6xo.llHMOCTb yMein.

IIICHUJI .UJIIIHIJ OnTODOJIOROHHOro }l{ryTa 4, C03.Ua:IOm;ero .UJIJI, HCe <l>OHOBYIO 

pa.uuan;HOHHYID no.UCBCTKY npn BIJKJIIO'ICHHOM YCHJIIITCJIC H3o6pameHUJI. 

Pa.llllanuoHHaH cToHKOCTb nprr6opon c 3apMono:i1 CBH3hiO (IT3C) onp~
.n:eJIJieTcH D OCHOBH<;JM U3MCHCHIICM K03<P<Pn:UHCHTa nepeHO.Ca· 3apH.Ua ( 1Jt~) 
MC}l{Jly Jl'ICHKaMII (miRceJiaMR). .l(JIJI OUCHOK MO)l{HO nOJiaraTb, 'ITO npn . 

<PuKcuponaHHOH TcMnepilType BeJIII'InHa yMemiiieHrm 7Jtr nponopnuoiiaJibHa 

<l>JIIOCHCY lfaCTUU pa.lllla:UIIII U 3aDIICUT OT IIX TUna, 3Heprnn H nJIOTHOCTH 

noToKa (fr), a TaKme oT UHTeHcnnHocrn (fd;) HaKonJieHrm UH<PopMan;nii B 

JI'IeitRax [34,35]. Ilpu 3TOM Ko3<P<PnnueHT nponopn;IIoHaJibHOCTH yMeHb

UiaeTcH · c pocToM !di n yMeHbUieHueM TeMneparypiJ. Bee 9TO yKa3IJBaeT 

na cJIO)l{HOCTb npone.n:eHUJI on;eHoK pecypca I13C-MaTpUUIJ npu nepeHoce 

U3BCCTHIJX 3KCnepUMCHTaJibHIJX pe3yJibTaTOB Ha aHaJIU3UpyeMIJH CJIY'IaH. 

IloJiylfeHHOC TaKIIM o6pa30M 3Ha'ICHUC MO)l{CT paCCMaTpHBaTbCJI TOJibKO KaK 

opueHTUp nepiiO.UII'IHOCTU ROHTpOJIJI ee xapaRTepUCTHK BO BpcMCHU .. B Ra

'ICCTBC npUMepa OTMCTHM, '<iTo ll.J!JI I13C-cTpyKTyp Ha o'cHOBe KpeMHUJI U3-

MCHCHIIC DCJIU'IUHIJ 1Jtr Ha ypOBHC 8 • 10-5 IIpOHBJIJieTCH yme npu Jl03aX 

f'-II3JIY'ICHUJI (E1 ~ 1, 25 M9BJ. ~ .5 · 103 pa.n:(Sl.) [36]. Y~uTIJBaH oTMe

qeHny:io DIJIIIC JIUHCHHYIO CBJI3b CTeneHU lJ.Crpa.uan;un nonynpoBOJlHliROBIJX 

CTpyKTyp C HCIIOHII3an;UOHHIJMU noTcpHMU qacTUU li OCHOBIJBaJICb Ha 'pe-

3YJibTaTaX pa6oT [24,35]; MOmHO O)l{lf~aT:b, 'ITO BJIUJIHUC HCHTpOHHOH KOMnO

HCHTIJ pa.llllannn Ha KpeMHIIenyro IT3C·MilTpii:n;y, oxJia)l{JlaeMyro ,n;o -130°C, 

npoimuTcJI Ha yponHe 6.7Jtr = 5 ·10-5 npii <PJIIOeHcax Fn ~ (3-;-6) ·109 CM-2
• 

B cDH3II c 9TIIM B peaJibHIJX 9KcnepiiMeHTaJibHIJX. ycJionrmx Heo6xoJlHMO 

npe,n;ycMOTpCTb TIUaTCJibHYIO 3aiUUTY 3TOrO 3JICMCHTa JlCTCKTOpa OT HCH

TpOHHOH pa.n:IIan;un, a TaKlliC ~03MO)l{HOCTb ~nepaTIIBHOro .UOCTyn~ K HCMY 

U 3aMeHIJ B cnyqae He06XOJlHMOCTU; .l(JIJI 9TOro KOHC'IHYIO lfaCTb JlCTCKTOpa 

c IT3C-MaTpltn;eii: u nepuq)epllliHOH 3JICKTpoHIIKOH MO)l{HO pa3MeCTUTb, Ha-. 

npu1wp, B no.unaJibHOM noMe~eHim: noiJ; ycKOpRTcm)M. llpn 9TOM reoMc~ 
TPH'ICCKIIH <PaKTOp u meJie3o6CTOHHOC nepeKphlTHe onTUMa~Horo COCTaBa 

R xapaKTCpHOH TOJIIUIIiiiJ 3HatUITeJibHIJ (Ha 3 7 4 nopJi:ii.Ka .UM Hll3K03HCp

rcTII'ICCKOH c En < 20 M01B n Ha 17 2 nopHll.Ra ll.JIJI cnepx6IJcTpoit KOM

noHeHT) ocmi.6JIJIIOT HCHTpoHm.rii: noTOK (eM., ~anpHMep, [37,38]). llpn 

HCKOTOpOH .n:onOJIHUTCJibHOH 3aiUHTC OT CBcpx6IJ~TpbiX HCHTpOHOB MO)l{HO 

pacc'IHTIJBaTb Ha pecypc lJ.aHHoro 3JieMeHTa .n:eTcKTopa ·no npeMerm cpa-
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nHIIMhlH c noJI)"'CHHhlM )J:.rui: npiicMHOii: mi:acTimhl. Tpe6onamm _R 3am;IITe 
:t.mryT fihlTb cym;eCTBCHHO OCJia6JICHhl npii IICnOJib30BaHIIII fiOJICC pa,uua:u;II
OHHO CTOHKOH I13C-MaTpUilhl Ha OCHODC apCCHU)J;a raJIJIUJI. 

TpancrropTnponKa naJiy'leHnJI II p~HOJIIOl\UIHec~em:~nJI 
OIITOBOJIOKOIIHOrO mryTa 

OcHoBHhle, noTepn TpaHcnopTIIpyeMoro no lKI'YTY noToKa cpoToHon 
nponcxo)l)IT Ha yliaCTKax CThlKOBKII 3JICMCHTon .n;eTeKTopa. B liaCTHOCTII, 

)J;JIJI nJIOCKIIX TOpU:OB II O)J;IIHaKOllhlX )J;lla:Whpon cep.n;:u:eniiH DOJIOKOH naCCII

. BHOrO CJIOJI npiieMHOH nJiaCTIIHhl II OnTODOJIOKOHHOrO iKI'yTa, K03cpcpiiU:IICHT 

3aXDaTa cpoTOHOB )J;JIJI TpaHcnopTIIpOBiill K cpOTOKaTO)J:y YCIIIDITCJIJI MOJKHO 

OU:CHIITh C nOMOIUbiO BhlpaJKCHUJI 

· · 1- J1- (A2/n2)2· [ (niGaP- n2)
2
] 

1713 ~ (Yci • 1 - 2 ' 
. 1- J1- (ApfniGaP)2 niGaP + n2 

(8) 

r.n;e Ap = }nfaaP- n~, n2 - rioKa3aTeJib npenoMJieHnn cep.uu:ennHhl no

JioRoH mryTa II onTOBOJIOROHHoil: Uiail:6hl yciiJIIITeJIJI, a A 2 - IIX liiicJionaa 

anepTypa. Ho3cpcpiiiJ:IICHT CYci yliiiThlnaeT noTepii II3-3a HeconepiiieHCTBa 

CThlROBKII BOJIOROH Ha nepexo.n;ax npiiCMHaJI nJiaCTIIHa - JKryT. ~ onTOBOJIO

I{OHHaJI Uiail:6a .. ilpH CYci ~ 0, 5 II 'liCnOJib30BaHIIII RBapneBhlX BOJIOROH C 

n2 = 1, 45 II .A2 = 0, 3 )J;JIJI cpoTOHOB ~ )J;JIIIHOR BOJIHhl AIGaAs noJiyliaCM 
' 1713 ~ 0, 02. CJie)J:yeT OTMCTIITI>, liTO 3HalinTeJII>Hoe ynemrlierme IIHTeHcn

DHo.cTII 3aXBaliCHHOrO ll3JIYliCHIUI MOJKCT fihlTb )J;OCTIIrHyTo npn C03)J;aHIIM 

MIIRpOJIIIH3 pa3JIIIliHOH cpopMhl ( CM., HanpHMep, [39]) Ha Top:u;ax BOJIOROH 

naccnnHoro cJioJI IIJIII mryTa, HanpnMep, MeTo.n;oM cpoTOIDITorpacpnii [40] 

IIJIII OnJiaDJICHIUI TOpna DOJIOROH [41] ll npOU:CCCC IIX II3rOTOBJICHIIJI. .l(aJib
IICHUICC OCJia6JICHIIC 3aXBaliCHHOrO ITOTOKa cpOTOHOB B DOJIORHC xapaRTCpH-

3yeTCJI R03cpcpn:u;nenTOM CYJr(>.) [.uB/RM]. B ROHCliHOM IITore npu . .n;mme 
TpancnopTnponRII n3o6pamenw Lt2 [RM].n;o cpoToRaTo)J:a yciimrTeJIJI .n;oii:.n;eT 
liaCTh li3JIYliCHUH Top:u;a npHCMHOH ITJiaCTIIHhl, onpe.n;eJUieMaJI DCJilllillHOH 

1713lr ~ 1713 • exp(.:...O, 23 · CYfr · Lt2)· (9-) 

.l(JUI O:U:CHOK pa)J;IIOJIIOMIIHCC:U:CHU:Iill OnTOBOJIOROHHOrO JKryTa 6y.n;eM 
ITOJiaraTb 1 liTO IIHTCHCIIBHOCTb U3JIYliCHUH ero 3JICMCHTa MC)K)J:y norrepCli

Hhl1lii CelieHUJIMn X n X + dX nponop:u;nonaJibna MOIUHOCTII norJiom;en
noil: .U03hl nponnKaiOm;eil: pa.n;ua:u;un [28,42]. B 3TOM cnyliae cneRTpaJibnaa 

JipROCTh llhl)J;CJICHHOrO CJIOJI ll HanpanJICHITH HOpMa.liTI K ero TOp:u;enoii ITO

BCpXHOCTH panna L'v>.(X) = f3v>.· dr(X). dX, r.n;e f3v>. _· cmiRTpaJibHhlll no
Ra3aTCJib HpKOCTH MaTepiiaJia. .l(JIJI npOCTOThl O:U:CHOR npe.n;ITOJIOJKIIM, liTO 
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mryT nhlTHHYT n pa.ziuaJiiiloM X-H:ai:rpanm~mm OT. Ra:Mephl ycRopnTeJIJI, a 

dr(X) = dr(R) ·Rf(R+X), r.n;e dr(R)- Mom;nocTb .U03hl ua Top:u;e mryTa co 
cToponhl npiic~moil: nnacTIIHhl, R- paccToJIHne~oT 3Toro Top:u;a .n;o Ka11ephl 

ycKOPIITeJIJI. YliiiThlnaa TCJICCHhlii yron 3axnaTa cpoTOHori JII01IIIHecu:eniwii 

n noJioRHo l~S2J= 21r[1- J1 ·- (A2/n2)2] II ocna6nemre IIX IIHTCHCIIBHOCTII 
nprr TpaHCITOpTIIpODRC, HCTpy.n;no ITOJIYlillTb CJIC)J:yiOIUCe DhlpaiKCHIIC · )J;JUI 

cncRTpai:II>noro cneTonoro noToRa c nnoma.n;Rn dS Top:u:a iKQ'Ta n uanpa

nnenim HOp1WJIII R ero nonepXHOCTI~ CO CTOpOHhl YCIIJIIITCIDr H3o6palKCHUJI~ 

d<I>v>. = 21rR · clr(R) · f3v>. · fv(.A) · dS, (10) 

r.n;e fv(>.) = [1- y'1 - (A2/n2)2]1~ ·exp[-0, 236otr(~) · (Lt2 +R)]· [Ei(O, 23' 
CYJr(.A) · (L/2 + R)) - Ei(O, 23atr(>.) · R)], Ei(Y) ~ nnTerpaJII>HaJI no
Ra3aTcJII>HaJI cpyHR:U:HJI apryMeHTa Y. llpn nco6xo.n;II.MOCTII ncpcxo.u R 

::mcpreTIIliCCRllM C)J;IIHII:U:aM OCYIUCCTDJUICTCJI C no1IO!Uhl0 II3DCCTHOrO COOT

HOIJieHIIJI,d<l>v>. [nM] = 683 · K(.A) · dPv>. [Ih], ·r~e E(.A)- OTHOCHTCJih
HaJI ,CBCTODaJI 3cpcpeRTIIDHOCTb II3JIYliCHIIJI C .ziJIIIHOii DOJIHhl A (eM., Ha
npiiMcp, [43]). B cBH~II c TeM, liTO n miTcpaType oTcyrcTnyroT . .n;annhle 
no f3v>.,. nocnoJII>3JCMCJI ycpe.n;ncnnhlM no cneRTpy pa)J:IIOJII01mncc:u:en:u;IIII 

y.n;eJII>HhlM ~oRa3aTCJieM HpROCTII f3v· B .liUCT~O~TI~, n pa6oTc [42] npn 

raMMa-H.e:ii:TponnoM ·o6Jiylic~IIII rmarn~enhlx o6pa3:u;on.n peaKropc no~ylieiw 
3Halicnnef3v = (1; 5-;- 4, 5) -10-7 c6 · cfpa.n;. eM. Tor.n;a .n;JIJio:u;enRII <lwnonoii 

· ocpem~~:H:ocTII q)()TORaTo.n;a n .n;IIanaJonc .UJIIIH noirn JIIOMn'ucc:u:en:u;IIn mryTa 
.>.11 -;- .>.12 npnMennMo nhlpamcHIIC . 

Ev'b [mr/or2]:=:::2JTR·dr(R)·f3v·f,;(5.t), · (11) 

r.n;c 5.1 E [.An, .An]. llocRoJI~RY R03<l><llll:U:IICHT ocnaGnc:HnJI CYfr :iim~uneJII>HO 
ll03pacTaCT C YDCJIIIliCHIICM IIHTCHCIIDHOCTII II )1;03hl o6ny''ICHIIJI (uc3aDIICIIMO 

oT Tuna nponnRaiOm;eii pa.n;IIa:U:IIII), cro ucxo.n;noe 31Jati<~~IIc npii .>. = :\1 
onpc.n;eJUieT ncpXHIOIO o:u;enRy neJIIIliiiHhl Evb· .l(JIJI o:u:emm Momnonu .n;o3hl 

HCHTpOHHOii R01IllOHCHThl pa.n;IInnnn ( dr, .r = n) no ITOTORY llll<'ITOJih3JCMCJI 
· cooTneTCTBYIOmeii ¢ynK:u;ncii. ncpcxo.n;a Cn(En) [pa.n;(Si) · eM:.! /neiiTp.] ~· 
5 · 10-=-9 +-1, 5 · 10-10 • En[M3B] npii En·= 1-;- 103 'NbB [44]. Tiona

raJ! CYJr(5.t)lmin ~ 102 .uB/RM; Cn '~ w-8 pa.n;. CM2/nciiip:, R::::: 30 eM, 
L /2 = 300 CM, noJiytiaeM 4n ( R) ~. w-2 pa)J:/ c { d;, ~ li.y) II E,.b]max ·~ . 

3 · 10-8 JIMjcM_2. ilpii )./ ~ 450 HM 3TO C~OTBCTCTDyeT MRKCUMaJibHOii 

nJIOTHOCTM, ITOTORa cpoHOllhlX cpoTOHOB Ha <lJf!T?K<lTO)J;C yciiJIUTCJill J;i.,21max ~ 
109 CM-2C-l. . .l(JUI HITJKHC.i:i OU:CHKU noToRa cpoTOHOD OT npni'MHOii: ITJia

CTUHhl n Bhlpamenuu (9) nco6~o~I~o uc~OJih3~naTI> 1IaRcimaJII>HOC JHa

llCHIIC ntr(AIGaAs) DO npc:MJI o6ny•ICHIIJI. vb-3a nocro.iiHHhlX nor<'T<lHO- . 
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mnen:&HhlX rrponeccon B nonoRHe ynemrqenne ::noro K03tP<l>IIU:IICHTa c po

cToM IIOrJIOIUCHHOH ,U03hl IIpOIICXO,UIIT, KaK rrpaDIIJIO, HCIDIHCIIHO; a 3HU'IC

HllC aJr(AIGaAs)imax JIBJUICTCJI <l>YHKU:llCH MOIUHOCTII pa)umU:IIll (10,45]. Ilo-

3TOMY cpe,UII rrpe,n:cTaBJUIIOIUIIX llHTCpec KnapU:CDhlX B~JIOKOH C IIOJIUMCJJHOH 

o60JIO'IIWll l\IllHIIM:aJlbHOH TOJIIUllHhl,. ,UJUI II3rOTODJICHIIJI lKI'yTa HC06XO,UIIMO 

IICIIOJlb30BaTb TCXHOJIOrll'ICCKUC o6pa3U:hl, o6Jia,n:aiOIUUC ,UOCTUTO'IHO MUJIOii: 

UCXO,UHOH BCJIU'IUHOH aJr(AIGaAs) U D MUKCUMUJibHOH CTenenn npoJIDJUIIO

IUUC CBOU BOCCTaHODUTCJlbHhlC CDOHCTDU IIpU .HCIIpCphlDHOM o6nyqeHUU C 

UOCTOJIHHOH MOIUHOCTblO ,U03hl. Ilpune,n:eHHhlC D JIUTepaType IIO,U06HhlC aa

BUCUMOCTll noJiy'IeHhl IIpii MOIUHOCTJIX .l(03hl Ha HCCKOJibKO nopJI,UKOD rrpe

DhllliUIOIUllX neJIU'InHy dn- B cnJI3II c 3THM .UJUI aHaJin3npyeMoro cnyqaJI 

J\1Q}l{HO paccqUThlBUTb HU 3HU'IUTCJlbHO 6oJibiiiUH 34>cpeKT BOCCTaHODJICHIIJI 

TaKUX DOJIOKOH II C 60Jibiii:IlM 3anaCOM ucnOJib30DUTb npUBC,UCHHhlC IIpii pa-

6oqeft ,n:o3e 3Ha'IeHUJI a fr ( AIGaAs) I max. MaKcnMaJI:&HaJI no .n:nnne JRryTa 

DCJill'IHHa 3TOH ,U03hl ::::: 3 · 105 pa,n:(Si) onpe,n:eJUICTCJl noJiy'ICHHhlM 3Ha

'ICHHCM ,n:onycTHMoro cpnroenca neil:Tponon Fnlmax na npueMHOii: nnacTnHe. 

Ilpune.n:ennue B pa6oTe [45] pe3yJI:&TaThl noKa3unaroT," 'ITO OTMC'ICHHhlH Tun 

BOJIOKOH o6Jia,UaCT XOpOIIIHMH XapaKTepHCTHKaMH npu 6oJibiiiHX ,U03UX HC

npephlBHOrO o6ny,'ICHHJI H UpOJIDJUICT npH3HaKU pa,n:uaiJ;UOHHOH 3aKaJIKH 

(npeKpamenue pocra a 1r) yJRe npu ,n:o3ax 103 -;- 10
4 

pa.n:(Si). Ilpu 3TOM 

MOJRHO paccquTDIBaTh na Ko3cpcpunueHT a /r(AIGaAs)lmax, He npen:hliiiaiOIUHH 

nennquny 102 .n:B/KM u, cne.n:onaTeJI:&Ho, npene6pc'Ib noTepJIMH umpopl\m

. U:HOHHhlX cpoTOHOB D onTOBOJIOKOHHOM JRryTe 2. C yqeTOM (9) cpe,UHJ!Jl DO 

BpCMCHH H l\laKCHMaJibHaJI D TC'ICHHC HMIIYJibCa nJIOTHOCTH nOTOKU 3THX 

cpoTOHOB na <!>OTOKaTO,UC ycuJIHTCJUI (,n:JUI npHBC,UCHHhlX BhllliC HHTCHCIIDHO

CTCH perucTpnpyeMhlX 3JICKTpoHon) onenunaiOTCJI KaK hn::::: 4 ·10
9 

cM-
2
c-

1 

H .finlm~x ::::: 4 · 1012 CM-2c-l COOTBCTCTBCHHO. TaKUM o6pa30M, C yqe

TOl\f cneKTpaJibHOit 'IYDCTBHTCJibHOCTH paCCMOTpCHHhlX <PoToKaTO,UOB onTH

'ICCKOC H306paJReHHC npocTpaHCTDCHHOro pacnpe,n:eJICHHJl HMnyJibCHOro no

. TOKa perucTpupyeMhlX 3JlCKTpOHOD Ha,UC)l{HO Bhl,UCJUICTCJI Ha cpoHe pa,n:uo-

.iriOMHHCCIJ;CHU:HH onTononoKonnoro JRryTa 2. Ilocne ycuneHIIJI B Ka pa3 u 

TpancnopTuponKu no JRryTy 4 oH? perucTpnpycTcJI I13C-MaTpnnei1. Ilpu 

3TOM onTIIMUJlbHOC cornaconanne no ,UJIHHC BOJIHhl <PoTOHOB ,UOCTUraeTCJI 

no,n:6opoM JIIOMHHO<l>opa ycuJillTCJUI C npeMCHCM DhlCBC'IHBaHHJl MCHblliC UnH 

nopJI,n:Ka .n:nuTeJibHOCTH H3Mepe'aui1 (Tm)· ll3MCHenue Ka B uiupoKUX rrpe

.n:enax ( c yqeTOM uco6xo,UIIMOr<! pa3peiiienuJI) MO)l{HO o6ecne'IIITb nu6opoM 

'Incna KacKa.n;on ycuneHHJI, KOJill'ICCTllOM u TnnoM ncnom3yeMRX MRII, a 

TaKJRe napuai:I.neil noTennnana ua nx rronepxuocrJIX n irroMnno<Pope. Be

JIU'IIIHa T m onpe.n:eJUieTCJI JIHTCHCUDHOCTblO :iraKonneHIIJI 3apJI.n:OB B JI'Ieil-

./ 
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(, 

Ka:XI13C-MaTpunu .no yponrmnx uachlmeniiJI ((2-;- 5) ·105 e.n:/JI'I [46,47]) 

ua yqacrKax·MaKcnMyMon perncTpnpyeMoro orrTnqecKoro n3o6paJRe~IIJI. C 

yqeTOM 3TOrO npu npeue6pe)KllMOM OCJia6JICHllH H3JIY'ICHIIJI D OIITOBOJIOKOH

HOM ll\I'YTC 4, TCJICCHOM yrJie 3aXBaTa <PoTOHOB ~f! f ll KBaHTOD.OH 3cpcpeK

TllDHOCTH llX perncTpall;llH 6. nonyqaeM. CJIC,ZJ:ylOIUCC COOTHOIIICHHC MCJK.n:y 

3Ha'ICHIIJIMH f(a H Tm : 

. finlmax · Ka · (~f!Jf27r)·· 1]34 • Tm · ~Sp • 6. :=::: 2 ·)05
, {12) 

r.n:e 1]34 - oTHOCHTCJlbHhlC noTepn H3JIY'ICHIIJI ua rpannne JIIOMnnocpop -

onTOBOJIOKOHH~ilJRryT, ~Sp- cpoTO'IYBCTBiiTe.rri,naJI IIJIOIUa,Ub JI'ICHrui I13C

MaTpHIJ;hl .. )J;JUI npHBC,UCHHhlX BhliiiC BCJ1ll'riiH ~f! f ll finimdx, a TaKJRC 1}34 ::::: 

0, 8, ~Sp :::::25 X 25 MKM2
, 6. ::::: 0,.4 3TO COOTBCTCTByeT Ka · Tm::::: 1. 

XcipaKTepiiCTHKH ~eTeKTopa 

TaKUM o6pa3pM, npu Ko3<PcpunnenTe ycuJI~HIIJI noToKa .<PoTouon B 

ycnJ1llTeneu3o6paJReHIIJI Ka::::: 105 peme<P naKorrneuuoro B JI'l~ii:Kax II3C

MaTpnnu 3apJI.n:a .n:aeT nncpopManuro o npocTpancTneHHoM pacnpe.n:enennu 

nOTOKa perncTpupyeMhlX ,n:eT.CKTOpOM·3JICKTpOHOB 3a Bpe:M:Ji.Tm·::::: 10-5 C. 

ManaJI ,UJ1llTemnocTb II3Mepennil: u Tpnrrepimil: pe)KllM BKJIIOqCHIIJI ycnJ1ll-. . . ' 

TCJUI 1!03BOJUIIOT JI36eJRaTb OTMC'ICHHhlX, uanpnMep, B pa6oTe [48) 3cp<PeKTOD 

ero HaChliUCHIIJI ll CTapeHHJI :qpn OTMC'ICHHhlX BhliiiC nJIOTHOCTJIX noTOKa 

perHCTpupyeMhlX <!>OTOHOB (/;n·, finimax)· llcKaJRCHllCM rrpOCTpaHCTBCH

HOrO pacnpe,UCJICHHJI 3apJI,Ua B JI'ICii:Kax, D03HHKaiOIUHM, B OCHO.BHOM, ll3-

3a TepMorenepannnn .n:IIcp<Py3nn 3JICKTpo:auo-.n:upo'IHhlX nap 3a xapaKTep

uoe npeMJi: cqnT:hlnauiiJI nucpopMannn, Moarno npeue6pe'Ib rrpn oxnaJR,n:ennn 

I13C~MaTpnu;u .no TeMnepaTypu ::; -40°C. Ilpu 3TOM nKna.n: JIIOMunecneu

nnn mryTa 4 no.n: .n:eil:cTnue:M ocna6nenuoi1 raMMa-ueil:Tpouuoii: pa,UIIau;nu 

OCTaeTCJI Ha HCCKOJlbKO nopJI,UKOll'MCHbiiiC. )J;JUI CHJITIIJI cpouOBhlX 3ap~,UOB, 
HaKonnenHhlX n JI'Iei1Kax B oTcyTcTnne .fpnrrepuux cnruanon, ~oryT .6DITb 

IICnOJlb3~BaHhl, uanpnMep, Tak Ha3DIB<iCMW! aHTU6JIIOMJIHr-3JICKTpO,Uhl [48) . 
Ilonarair, 'ITO ua nepexo.n:nhlX yqacTKax ,n:eTeKTopa npocTpaucTneuuoe pa3-

peiiienne (d) Y?Cy.n:nraeTCJI ua IIIar cTpy:KTypu·nJill pa3peiiieune .n:o6anJUie

Moro· 3JICMenTa.' B npnne.n:~uuoil ua pnc.1 cxeMe .MO)l{HO pacc'IHTDIBaTb ua 

pe3ymTnpyiOUzyiO BeJ1ll'Inuy.d::::: 150 MKM. Ilpn o6'be.n;nueillm ycuJ1llTCJUI 

ll306palKCHRH ll OXJiaJR,Uael\Wili13C-MaTpllU:hl B C,UIIHhlH ~JICMCHT (3a C'ICT 

HeKoToporo y,z~;mmeuiiJI lKI'yTa 2 B ·3oue ocna6neuuoii: pa,llllanun). MO)l{HO 

YJIY'IIIIJITb ppocTpancTBeHHoe pa3peiiieune .zieTeKTopa .zio ::::: 100 MKM. )J;au

u:bm B~pnaHT II03BOJUICT TaKJRe o6oi1TUC:& 6e3 mOMnuO'cpopa nncnoJlb30BaTb 

· 6onee 3<P<PeKTnnuyro peaKIJ;HIO npn6opon ~ 3apJI,n:mioii: ·CBJI3biO yMen:&IIIeH-
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lion TOJIUJ;IIHIJ Ha rrpJr:MyiO 6o:M6ap.n;uponKy :meKTpoHatm'c :meprneii ne
cKo.iThKo KIIJr~:meKTpoHDOJILT [49]. B pacc:MoTpemmx pa.n;uau;noH~IJX ycJio
BIDIX na KalR,ll;OM yqacTKe .n;eTeKTopa ero pecypc ou;enunaeTcJI n 

~ 8 · 103 qacon nerrpepiJBHOH pa6oTIJ. 
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