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Hccenedosano enusnue obnyuenus dvicmpoimu snekmponamu (4 MoB) na onexmpuueckue u onmuyeckue
ceoticmea ceemousnyiarouux ouooos (CHI) na ocrnose numpuoos u gochudos. Ycemanosnenvl 3axonomep-
HOCMU U3MEHeHUsI Npu 0OIYHEeHUU 8 BONbMAMNEPHBIX XAPAKMEPUCTIUKAX, CHEKMPAX IAEKMPOTIOMUHECYEHYUU
u mennoswvix ceoticmeax CHJ]. Obuapyoiceno usmenenue 8 CHeKmpax 3J1eKmpomoMUHecyeHyul yibmpaguoe-
moewix u cunux CHJ], ceazannoe 6030yoicoeHuem 8 NIOMUHECYEHYUU 8 NOBPENHCOEHHbIX 00TyYeHIeM noaumep-
uoix aunzax CHJI 6 obaracmu ~2 9B. ObnapysiceHo 80ccmanogienue ¢ npoyecce pabomol onmuiecKol MOUHO-
cmu obnyuennvix CH/ Ha ocHoge Humpuoo08, NOOYUHSIOUeeCs. KUHEMUKe MOHOMOLEKYISAPHOU PeaKyuu nepeo-
20 nopsoKa.

Beenenne. CoBpemennbie cBeromsnydaroniue nuoasi (CHUJI) Ha OCHOBE TETEPOCTPYKTYp HIMPOKO HC-
MOJTIB3YIOTCSL B Pa3iIMYHBIX OCBETUTENFHBIX CHCTEMax M CHCTeMaxX WHAmKaruu. OOryueHue 3apspKeHHBIMH dac-
TUI[AMH BBICOKUX 3HEPTHii, CO3AA0NINX JAe()EKThl B MOJYMPOBOTHUKOBEIX CIOSAX M 3JeMeHTaX cTpykTypsl CU/,
MTO3BOJISIET MOJMYYUTh HH(OPMAIIHIO 0 XapakTepe m3MeHeHui mapamerpoB CUJl npu paboTe B yCIOBHUSX HOBBI-
meHHoi paauaruu [1-3].

Lenp HacTOsIEe# pabOThl — N3ydeHNEe M3MEHEHUH ONTHYECKHX M dJeKTpudeckux coiicts CU/I, obmy-
YCHHBIX OBICTPBIMU AJICKTPOHAMH, 00JIaJAaIOIIMMHU BBEICOKOW MPOHUKAIONICH CTOCOOHOCTRI0. O0ITyueHre — OIuH
13 METOAOB JOCTIKeHHs OBICTpoil nerpamarim CHU/l Hapsay ¢ yCKOPEHHBIMH TEIUIOBBIMH HCTIBITAHUSMH, TO-
3BOJISIIOIIMMHU OLEHHUTH CPOK ciayx0b1 CUJL, 1 ap.

Mertoauka 3xcnepumenta. O6nydenue GricTphiMU 3jiekTpoHamMu (4 M»aB, MIOTHOCTH MOTOKA IIEK-
tponos 2-10™ cm?, pmroencamu g0 1,2:10" em®) CHJT Helio (1 Br) pasmnuroro cBedeHus (CHHEX, 3¢ICHBIX,
KPacHBIX) M yIbTparoIeTOBbIX, a Takke Majgomoniaeix CHUJI Nichia (90 MB) cunero cBedeHHs MPOBEIEHO
Ha yckopuTtene DJIY-4. DHeprus ObICTPBIX JIEKTPOHOB OKa3a1ach TOCTATOYHOM I MIYOOKOTO MPOHUKHOBE-
aust B CUJI, T.e. Ui co3anus paauaiioHHbX aedextoB kak B auaze CUJI, Tak u kpucramie [4]. Boabram-
nepHble xapakrepuctuky (BAX) u criextpsl ssekrpomoMudectuerimu CUJI u3Mepsuiuch B pexxuMe cTabuIIn-
3anuu Toka CU/L:

— BAX<=c nomomisfo mporpaMMHpyeMoro uctounnka muranus Agilent-E3640A;

—  CHEKTPHI JIEKTPOTIOMHUHECIICHIINN — PaIHOMETPHUYECKOTO KOMIUIEKCa [T ONPEAETICHNST CBETOTEXHHU-
YECKHUX XapaKTEPUCTHK CBETOIMOJIOB, CBETOAMOIHBIX MOYJICH U JuCIUIeeB pou3BoacTBa |nstrument Systems.

MeTonoM MepexOHBIX ANEKTPHUYSCKUX MPOIECCOB MCCIEAOBAaHbl U3MEHEHHS TEIUIOBBIX cBoiicTB CU/I,
0OJTydeHHBIX OBICTPBIMHU JICKTPOHAMH.

DKcnepuMeHTAIbHbIE Pe3yJbTATHI H UX 00CYyKIeHHEe. 3aBUCUMOCTh YHEPreTHIECKOi 3 dekTuBHOCTH
uccnenyembix CUJ Helio ot ¢uioenca npusenena B Tabnuiie 1, U3 KOTOPO# BUAHO, YTO J€rpajganus OnTude-
ckux coiictB CUJI Ha ocHOBe HUTPUAOB (YIBTPadHOIETOBEIX, CHHUX, 3€JICHBIX) MPU OOIYyYEHUH MPOUCXOIUT
3HAYMTEJIBHO cllabee, ueM KpacHbIX (Ha ocHOBe (ocdumaos). DHepretuueckas 3QHEKTUBHOCTh 3aMETHO YMEHbB-
[IMiIachk, 0COOCHHO ISl KPAaCHBIX CBETOJAMOJIOB, KOTOPBIC MOCIEC HAOPAHHOW O3B 4,7:10" cm? MPaKTUYECKU
MOJTHOCTBIO JIeTpaxupoBaiii. [Ipy 3TOM CymiecTByeT pa3inine B XapaKTepe N3MEHEHUH CIIEKTPOB TaHHBIX TPYIII
CHU/. Heo6xoamMo OTMETHTB, YTO IOCIe OOTy9IeHHUs MPOM3O0ILIO BU3YalbHO HAOII0[aeMOe TOMYTHEHHE JINH3,
OHU TIPUOOPEIH JKEJITHIA OTTEHOK. B IeoM pajiuanioHHasi CTOMKOCTh 3€JICHBIX, CHHUX M YJIbTPa(QUOICTOBBIX
CBETO/IMOIOB, M3TOTOBJICHHBIX Ha OcHOBE coexamHeHmi |NGaN, oka3anack MpuUMEpHO OJUHAKOBOHM M 3HAUHTEIh-
HO GoJiee BEICOKOH, UeM y KPaCHBIX CBETOMHOI0B Ha ocHoBe AllnGaP [1].

CHeKTpsl JICKTPOTIOMHUHECIICHIINN CHHUX U, IS cpaBHeHus, kpacHbix CUJ] mpuBeeHBl HA PUCYH-
kax 1, a, 6. Kak moka3ano mccienoBaHre HOPMHPOBAHHBIX 3aBHCUMOCTEH CHEKTPAIBHOTO MOTOKA M3ITyUYCHHS,
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(dopma criekTpa OT J03bI OOJTyYCHUS] MEHSECTCS HE3HAUYUTENIbHO, HO CIEKTPhI CMEIIAIOTCS B HU3KOIHEPreTHYe-
CKYIO 00JIaCTh. DTO CMEIIEHHE JIJIsi CHHUX CBETOAHMOMOB cocTaBiisieT 8—17 mMaB, mis 3enensix — 42—47 md3B, s
yiabrpaduonerossx — 13-23 M3B, st kpacHsix — 15-17 3B (1pu go3e o6yuenus 4,7-10™ em). Cusur maxk-
CHMYyMa CIIEKTPOB 00YCIIOBIIEH, [O-BUIMMOMY, YMEHbIIIEHHEM YPOBHsI Bo30y:kaenuss CUJI u/umu ymeHbIeHrEM
3¢ PEKTUBHOM IMUPUHBI 3AMPENICHHON 30HBI BCJIEJCTBUE MMOBBIINIEHHUS TEMIIEPATYphl aKTUBHOM 00JacTH 006iy-
yeHHBIX CUJ] 3-3a yMEHBIICHUS UX YHEPTeTHUECKON 3P PEKTHBHOCTH.

Tabmuua 1 — Dueprernueckas spdexrusHocts CUJL

DHeprerndeckas 3PPeKTUBHOCTH, %0
Cuna Fexommmii i[;na obnyuenus D, 10' 01\;-' ;
VY nbrpadnoreToBsIi 23 6 2
Cununii 32 18 3
3eneHsblit 16 8 2
KpacHsrii 14 1 0

ITo Hu3Ko3HEpreTHyeckoMy (GpoHTy crektpo siekrpomomunectennnu |(hv)~exp(hv/Ey) onpenencHst
sHepruu Ypbaxa E, a mo BeicokosHepretuueckomy dpouty |(hv)~exp(-hw/KT) nposenena oneHka TemMmeparypbl
anekTpoHHoit moacuctemsl T [5]. Ha pucynkax 1, @, 6 npuBenens! ganubie Ey, T 171 cHHHX M KpacHBIX CBETO-
nvonoB Helio mpu pasnmuunbix diroercax o6nydenus u BenmanHe Toka CUJT 350 MA.

é T T T
1 r 16.4 maB 2
2 10 e 3
2 15.1 maB
E 3408 K
210" A
st 334.3
= r 16.8 MaB
= L /
2 10" / 4
£ 374K
g 6.6 usB
o}
Aho, T 10"
22 24 28 2.8 30 3.2
Sweprid otoma, 3B Omeprud dotona, 9B
a o

PucyHok 1—3aBHCHMOCTH MOTOKA U3JIy4YeHHUs OT dHepruu ¢gorona (Toxk 350 MA):
a — nas cumero CUJI mpu umoencax, em2: 1—0; 2, 3—5-10%; 4-4,7-10%; 5-4,6-10'%; 6, 7—1,2:10";
6 — n1s xpachoro CHJI npu umoencax, em: 1-0; 2, 3-5-10"°; 4—4,710'%; 5-4,6:10"

Kak BuaHO U3 pucyHkoB 1, a, 6, ¢ yBenuueHneM QmroeHca obnydeHus sneprun Ypbaxa E, y ceeroanonos
Ha OCHOBE HUTPH/OB YBEIIMUUBAIOTCS, & Y CBETOAMOIOB Ha OCHOBE (hOCHHIOB OCTAIOTCS MOCTOSHHBIMH. DHEp-
ruio YpOaxa CBS3BIBAIOT C JIOKATHHBIMHI COCTOSIHHSIME Ha reTeporpaHuiax ((IyKTyamdsMH cOCTaBa COEIUHE-
HUH, npuMecei, JeeKToB), I03TOMY MOXHO HPEAIOJIOKUTh, YTO yBelnueHue E, 0ObACHIeTCS yBeIHYeHHEM
nedexToB Ha rpaHuIax paszzena. IToT (HaKTop CYIIECTBEHEH JIsi CBETOJMOAOB Ha OcHOBE coequnennii INGaN,
JUTT KOTOPBIX XBOCTHI INIOTHOCTH COCTOSHUI M OonpIme »>Heprur YpOaxa B OOJbINEil CTEEHH O0YCIOBIECHBI
(uryKkTyanusiMu KoHIeHTpanuu In.

C yBenuueHneM (iroeHca OBICTPBIX JIEKTPOHOB TEMIIEpaTypa 3JIEKTPOHHOH IMOACUCTEMBI T y CBETO-
JIMOJIOB HA OCHOBE HUTPHIOB YMEHBIIAETCS, YTO MOXKHO OOBSICHUTh CHH)KEHHEM YHCIa PEKOMOUHHUPYIOMINX
W3JIY4aTeJIbHO JIEKTPOHOB M, CJIEJ0BATEIbHO, TIOHMKEHUEM YPOBHS BO30YKICHUS 3JEKTPOIIOMHHECIICHIIUH.
VY kpacubsix CU/] Temneparypa 3J1€KTPOHHON HOACUCTEMBI T YBEJIIMUMBAETCS ¢ (DIFOEHCOM, TaK KaK CBETOJIHO/IBI
JIEeTpagupyioT MpH OOIydeHUH B OOJIBIIEH CTeTeHH, 0ojiee CHIIBHOE CHIDKEHHE UX YHEPTeTHUECKOH A PeKTHB-
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HOCTH TIPUBOAWT K OoOJiee CHIBHOMY HArpeBy KPHCTAllIa, YTO CKa3bIBACTCA U Ha TEMIICPAType SICKTPOHHOU
nojicucteMbl. Kpome Toro, npu HanbombineM ¢uiroeHce o0IydeHus y BceX cBeToano 0B Ha ocHoBe GaN yBenn-
YHJIACh CIIEKTpalibHAsl INIOTHOCTh M3JydeHUs] B obnactu ~2 3B, KOTOPYIO OOBIMHO CBS3BIBAIOT C AeheKTaMu
cTpykTypbl B crosix CUJL [6].

HeobxonmumMo 0TMETHTE, YTO NpH JiuTensHol padote CUJl, TOMHUMO ONTHYECKON M 3IEKTPUICCKOM Je-
Tpafaliil UX KPUCTAUIOB HM3-32 POCTa KOJIUYECTBA NE(EKTOB CTPYKTYPHI, IPOUCXOINT TAKXKe HeTpatalis I10-
mumepHbIx a3 CUJL, dhopmMupyrommx omnpenereHHY0 AWarpaMMy HalpaBIeHHOCTH H3IIydeHHs. B maHHBIX
WCCIICIOBAHMSAX JISTPaIalisl OJIMMEPHBIX JIMH3 MPOUCXOJIUT MpH 00Iy4eHUH. B CBsI3UM ¢ 3THM HEO0OXOIUMO pac-
CMOTpETH BIHMSHHUE JAerpaganuil monuMepHsx auH3 CH/l, BI3BaHHON 00Iy4eHHEeM OBICTPBIME 3JEKTPOHAMH, HA
CHEKTPHI AIICKTPOITIOMUHECTICHITHH.

CrieKTphI 3JICKTPOJIFOMUHECIICHIINH TPU Pa3HBIX Tokax yibTpaduoneroBoro CUJI, obiydeHHOro OBICT-
PBIMH JJIEKTPOHAMH, TTOKa3aHbl HA pucyHKe 2, a. Ha cnekrpax CUJ] ¢ nuH30# HabmoaaoTes ABe mojiockl. OnHa
U3 HUX ¢ MakcuMyMmoM B mHTepBasie 3,08-3,09 5B mpunamiexut ocHoBHoMy m3nydenuto CUJI, Bropast (mupo-
Kasl) ¢ MAaKCUMyMOM B uHTepBajie ~2,0-2,1 5B cBsi3ana ¢ paauanmonHbiMu nedexkrtamu. TTocie yaaaeHust JUH3bI
WHTEHCUBHOCTh OCHOBHOM IMOJIOCHI Bo3pacTtaeT npubiu3utensuo B ~170-190 pas (B uccieJ0BaHHOM Uara3oHe
TOKOB). DTO 3HAYMT, YTO YIBTPapHOIETOBOE H3TyUeHHE 3(D(PEKTHBHO MOTIIONIACTCS MATEPHAIOM JIMH3BI 00ITy-
yernoro CUJI. THTEeHCUBHOCTH BTOPOU MOJIOCHI MOCIIE yIAJICHUS JIMH3bI, HA000POT, YMEHBIIACTCS] B HECKOJIBKO
pa3. B 3ToM cityyae mupokas mojioca moJIHOCThI0 00YCIIOBIICHA paluallMOHHbIME fedekTamu B kpuctamie CUJ]
1 TIpeICTaBISIET COOO0H, BEPOATHO, <OKENTYIO NePEKTHYIO TOJIOCY», HaOJII01aeMyI0 B TOM CIIEKTPaJI-HOM JHara-
30He B HecoBepleHHbIx Kpuctamuiax CUJ] na 6asze uutpuaos [6]. B cBs3u ¢ 3TuM Hanboliee BEPOSATHOW MPUYHU-
HOW yBEJIMYCHHS WHTCHCHBHOCTH IIUPOKOM MOJOCH B 00aydeHHbIx CH]I npu HaTMYUU TUH3HL SBIsSETCS (HOTO-
JIOMUHECIICHIINS PaIHalliOHHbIX Ae()eKTOB MaTepralia JIMH3bI, BO30YyXK1aemMas yibTpadHoIeTOBBIM H3ITyICHHEM
kpuctamia. [Ipu 3ToM oHa HaOMIOZAETCS MPUOTU3UTENHHO B TOM K€ IHAIa30HE CIEKTpa, YTO W <OKENTas Jie-
(ekrHas monmoca» B kpuctawie CUJ/I. Heo6xoauMo OTMETHTB, YTO W3-3a HAJIMYUS JTAHHOU IMOJIOCHI, CBA3aHHOU
¢ nedekTaMH Kak B KpHCTalIIe, TaKk M JMH3E, cBeueHune ynbTpaduoneroBoro CHJl ctanoBuTCS MOJOOHBIM CBe-
YEeHHIO 0eJIoT0, T.€. CHIIBHO N3MEHSIOTCS [IBETOBBIE KOOPAWHATHI H3ITyIEHHS.

CHeKTphI 3JEKTPOIIOMUHECIICHIINH TPH Pa3HbIX TOKax 3eneHoro CUJI, o0ny4eHHOTO OBICTPHIMH 3JICK-
TPOHaMH, TIOKa3aHbl Ha pUCYHKe 2, 6. B orinuune ot yabrpaduoneroeix CU] B criekTpax 3elieHbIX HAOI01aeT-
CsI OJIHA TIOJI0Ca ¢ MaKCHMyMOM B HHTepBaie 2,32—2,37 aB (B 3aBHCHMOCTH OT YPOBHSI BO30YXKICHHSI, OTpeie-
JSIEMOTO TOKOM), TPHHA/IJIekKAIAass OCHOBHOMY U3JIyYEHHUIO. Y alCHHE JINH3bI MPUBOIUT JIUIIb K HEOOJBIIOMY
(~1,5-2 pasa) Bo3pacTaHUIO MOTOKA M3JIYYECHUS] B MAKCUMYMe. DTO 3HAYHUT, YTO MOBPEKACHHUE JTHH3bI HE CKa3bl-
BaeTcs CYyIIECTBEHHBIM 00pa3oM Ha 3¢ddekrnBHOCTH M3mydeHus 3eineHoro CHU/. Io-BuauMomy m3irydeHue 3e-
aenoro CUJI He BO30YXIaeT JIOMUHECICHIIMIO PAJUAIMOHHBIX Je(EeKTOB MaTepHuaia JIMH3bI (MMEIOIIYI0 MakK-
cumyM BOIM3u ~2,0-2,1 3B) BBUAY OIM30CTH K DHEPTUH OCHOBHOU MOJOCkl. HE0OX0MMMO OTMETUTD, YTO «IIe-
(exTHas jkenTas Mmojioca» KpHUCTalla JISKHT Takke B AWana3zoHe m3mydeHus nanHoro CHJI u ee BKIax Maio
3aMeTeH, B OTIIMYHe, HalpuMep, OT yibTpaduonerosoro win cuaero CHU/.
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Pucynok 2 — Cnexrp 31exkTponiomunecuenuu CUJ,
06.1ydeHHOro (aoencom GHICTPBIX 2aexTponos D = 1,2:10Y em:
a —yabTpaduoeroBoro: 1, 3, 5— ¢ aun3oii; 2, 4, 6 —6e3 mum3bl; Tok: 1, 2—-10MA; 3,4—-100mA; 5,6 —350 MA;
0 —3enenoro: 1, 3,5, 7 — ¢ aun3oii; 2,4, 6,8 —0e3 mun3el; Tok. 1, 2—1MA; 3,4—10MA; 5,6—-100 MmA
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YcTaHOBIIEHO, YTO Jerpajialiys JIMH3 MOXET NPUBOANTH K oTkazy CU /I BciencTBre oOpa3oBaHus MPOBO-
JUIIIET0 KaHaua 110 Kparo JIMH3bI U OTpaXkaTelsl, IPUBOJISILET0 K KOPOTKOMY 3aMBIKAHHIO 3JIEKTPOJIOB, T.€. IIyH-
THpoBaHMIO Kpuctammta. Ha Tepmorpammax Takux CUJI Mexay 3IeKTpoAaMu OTYETINBO HAOMIOaCS pa3orpes
MIPOBOJISIIIETO KaHaja 1Mo Kparo JMH3bl. BonbrammepHnas xapakrepuctika CHJl mocie oTkasa CTaHOBHTCS JIU-
HelHoH ¢ conpotuBieHreM ~1-2 Om. OTMETHM, YTO aHAJIOTWYHBIC OTKA3bl MOSBIIUINCH U PU YCKOPEHHBIX Te-
IUIOBBIX HcMbITanusx (Temneparypax CUJI mopsaka 130°C u Tokax 330 MA nocne 110 4y pabotsr). 10 cBHAC-
TENBCTBYET O TOM, 4TO 00JydeHHe u cuibHbIA HarpeB CHJl Bo BpeMst paboThl IPUBOIAT K NPUMEPHO OAMHAKO-
BBIM IOCJIEACTBHAM — I€HEPALUH JI€(PEKTOB, BBI3BIBAIOMINX AETPATANUIO 3JICKTPUIECKUX W ONTHYECKHUX I1apa-
metpos CH/I.

BonbraMmepHsle XapaKTepPUCTHKU UCCIIEI0BaHHBIX cMHUX U KpacHbix CUJ] Helio npuBeneHsl Ha pHCyH-
Kax 3, a, 6. Ananu3 u noaronka BAX CU/] Ha ocHOBe TeTepOCTPYKTYp IPOBEIEHbI Ha OCHOBE PHUOIMKEHHOTO

ypaBHeHust [7]:

TELLUN +1Rg+Cl1%° + ) (1)
e lg
u ero nepsoix npousoausix — dU/dl u dU/dInl [8]:
du mkT 1 c1
—=———+Rg+———, 2
dl e | Rs 2105 @)
du du mkT C 05
=l —=——+IRg+=1"". 3
dinl dl e Rs 2 3

rae M- ¢paxTop HEHICATHHOCTH IUOJA, | — TeMIepaTypa, |o — He3aBuCsIas OT TeMIepaTyphl A0JIsI TOKa Ha-
coimenns, Ry — mocnenoBarensHoe conporusienne, Cl%° — ciaraeMoe, yanThIBaomee IBORHYIO HHKEKIHIO H
OTMCHIBaloOIIee CTeeHHON yaacTok BAX, @ — KOHTaKkTHas pa3HOCTH ITOTCHIIHAIIOB.

Heo6xoaumMo oT™MeTHTh, uTO TIoAroHka BAX Tospko B pamkax dopmyist (1) garie Bcero ABIsETCS HEOI-
HO3HAYHOH, BBULy HAJMYHUSA OONBIIOr0 YHCIa MOATOHOYHBIX MAapaMEeTpPOB, MIO3TOMY OIpENeIeHHE MapaMeTpoB
BAX CU/I ocyiiecTBICHO Ha OCHOBE MOCTPOCHHUS 3aBHCUMOCTeH HanpshxeHus U 1 mpousBoaHbIx mo Toky dU/dl
u du/dinl ot I, Iﬂz, I'l, I']Jz, Y aHAJIM3a JIMHEHHBIX yYaCTKOB MOJYYCHHBIX 3aBUCHMOCTel. U3 pucyHKa 3, a BUIHO,
YTO OONydeHHe NMPHUBOINUT K CHIDKEHHUIO NPAMOTo HampshkeHns cMmemeHust Ha CHJ/l Ha ocHOBE HUTPHIOB, MpH
9TOM CIBHUT HANPSOKCHUS IS cHHETO U yabTpaduoneroporo CUJ nocturan ~50 mMB, mis 3enenoro ~75 mB.
BeposTHO, 3TO CBsI3aHO C MOBBIIICHUEM TOKa HachimleHus JaHHBIX CH/J] B CBSI3M ¢ YBETUYECHUEM MPH 00Iyde-
HUM KOJMYECTBA JOBYIIEK B 00JIACTH MPOCTPAHCTBEHHOTO 3apsaa. ITO MOATBEPKIACTCS TaKKE YBEITHUCHUEM
MalbIX NPsIMBIX TOKOB (B ~2 pasa s cunux u 3enenbix CUJ u B ~1,5 paza mns ynetpaduonerororo CHUJ)
Ha yuactke BAX 1 MkA — 1 MA. Pesynbratel ananuza BAX CUJ ¢ ucnonezoBanueM ¢opmyn (1)—(3) npuse-
JeHbl B Tabnuie 2. M3 tabmuusl 2 BuaHo, uto B BAX CHUJI Ha 60a3e HUTPUIAOB HAOI0gacTCs HEOOBIIOE OC-
nabJieHre WHKEKIIHOHHON COCTaBJIIONIEH Ha MakcuMaibHOM (uiroeHce (yBenndyenue kodpounuenta C), mpu
3ToM (HaKTOp HEHIEaTbHOCTH SKCIOHEHIMANbHOW 4YactTh BAX, KoHTakTHas pa3HOCTh morTeHImanoB CUJ]
1 TIOCJIETIOBATEIbHOE COMIPOTHBICHUE N3MEHSAIOTCA ¢1abo0.

od ———7—7——7——7T77 04 — T T T T T T T T

02k -
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01k 4

0,0 pu—amars 4 00 -

I 1 L L I L L I I IS | 1 i b b Il I
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Hanpawenne, B Hanpaswenne, B

a o

Pucynok 3 — BoabT amnepHnasi xapaktepuctuka CH/l npu ¢uiroencax 0bICTPBIX 2JI€KTPOHOB:
a — cHHero; 6 —kpacHoro; 1 —ucxoanslii; 2—-D = 4,7-1016 cM'2; 3-D= 1,2-1017 e
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Wzmenenns BAX kpacubix CHJl Ha ocHoBe (hochunoB npu 00IydeHHH UMEIOT IPOTHUBOMOIOKHYIO TEH-
nenmto (puc. 3, 6). Habmonaercs cunbHoe usmenenne BAX kpacuoro CUJI, cHIIbHO YBEIHUNBAIOTCS KOHTAKT-
Hasl Pa3HOCTh MOTEHINAJIOB, ITOCIIEIOBATEIHHOE COMIPOTHBIICHUE U CYIIECTBEHHO YMEHBIIACTCS CTETICHHON yda-
ctok BAX, COOTBETCTBYIOIINN TBOWHON WHXeKIuH. [Ipn 3ToM Ha mocnexaneM Quoence BAX kpacnoro CUJ]
MMEEeT TMPAKTUIECCKH JIMHEHHBIM HAKJIOH, COOTBETCTBYIONWE compoTuBieHnto R = ~1,5 OMm. Capur BAX
B CTOPOHY BBICOKHX HAIPSDKEHHH CMEIICHUS MPH O00IyYeHUH KPaCHBIX THUOJOB MOKHO OOBSICHUTH 00pa3oBaHHU-
eM Ha reTeporpanumnax kpuctamuioB CH]I naTEphEHCHBIX COCTOSIHUN C BBICOKOH MOBEPXHOCTHOH TUIOTHOCTHIO,
BBI3BIBAIOIINX CHJIBHOE MTOBHIMICHUE OapbepoB sl HOCUTEINEH 3apsa.

Tabmauma 2 — PesynbTarsr ananmmsa BAX

cuna HcxonHsiii Jloza o6nyuenns, D = 1,2:10" cm™®
VYipTpadnoneToBbli m=2,7 m=27
C=1,30B/A% C=1,34BIA%
R 0420 820350
=0,42 Om =0,350m
CuHuit m=2,0 m=2,1
C=1,45B/A% C =1,62 BIA®®
R 0140 RZ0140
=0,14 Om =0,14 Om
3eeHbIn m=1,6 m=1,7
C=2,13B/IA% C=2,31B/A%
R Z0st0 B 0s80
Rs=0,91 Om Rs=0,93 Om
KpacHsrii m=25 -
C=2,01B/A% C =264 B/A®®
ox=151B ox=249B
R, = 0,06 Om R;= 0,36 Om
(st mo3s1 06yuenws D = 4,7-10™° cv™)

C ucmone30BaHWEM METOJa MEPEXOAHBIX dIeKkTpruueckux nporeccos [9, 10] mpoBemeHo mcciemoBaHme
TEIIOBBIX CBOUCTB (TEIUIOBBIX COIPOTHUBIICHHH, CEUECHHUIM TEITOBOTO moToka) 3eaensix CUJI Helio, obnmyueHnbIx
ObICTPBIMA BiieKTpoHaMH. OCHOBHBIE TEIUIOBBIC TapaMeTpPhl 0OPA3IOB U PEKUMBI MX HW3MEPEHUS MPHBEICHDI
B Tabnume 3.

Ta6muua 3 — [Tapamerpsr CUJL n pesKUMBI UX H3MEPEHUS

Jlo3a oGmydenns D, cm™
cn
¢ 0 4,710° 1,2.10"
CequIZ/Ie TEIUIOBOTO TIOTOKA (U3MEPEHUE MPU HATPEBE) 0,62 0,49 0,51
S, MM
CeueHue TEIIOBOTO HOTOKA (u3mepenne 0,98 0,85 0,83
MIPU OCTHIBAHWUH) S, MM
TemmepatypHbiii k03 dunment nanpsoxkerus, MB/K 5,64 3,95 4,54
Hanpspxenue na CHU/JI, B 3,7 3,84 4,06
Cuna Toka CUJI, A 0,750 0,744 0,729
Dueprerudeckas spdexruBaocts CUJL, % 30 6 19
Temmneparypa neperpesa aktuHoO# obmactu CUJ, °C 26,1 32,1 37,6
Temnosoe conporuienne CHUJI (BKrouast ciioi 9,72 11,46 11,86
mocanku), K/Brt

W3 Tabmuipel 3 BUAHO, YTO, HECMOTPS HA CHIIBHOE YMEHBIICHHE onTuueckoil momaoctu CUJ, TermioBeie
conpoTuBiieHns kKomrnoHeHToB CHJ] Ha OCHOBE HHUTPHIOB JHII, HEMHOT'O YBEJIWYIJIUCH TIOCTE OOIydeHUS.
B 00my4eHHBIX 00pa3iax MPOUCXOAUT CYKEHHE TCILIOBOTO MOTOKA IMPH MEPEXOJe Yepe3 CIOHM MOCaaku KpH-
CTaJula Ha TCIUIOOTBOASIICE OCHOBAHHEC M 3aMETHOC M3MCHCHHE TEMITEPAaTypHOTO KOA(h(GUIMEHTa HATIPSKCHUS.
CysKeHHe TeIIOBOr0 MOTOKA, BEPOSTHO, CBSI3aHO C yMeHblIeHHeM (B pe3ysibTare 00IydeHHs) TEIIONPOBOIHO-
cTH o0nacTell OTpa)kaTels W TEIUIOOTBOISIICTO OCHOBaHUS, HE3aKPBITHIX kpucTamuiom CUJI, uto yxymammio
YCIIOBUS pacT€KaHUA TEIUIA.
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C wucrnonb30BaHUEM OOJIy4YCHHUsT OBICTPHIMU 3JEKTPOHAMH MpPOBEACHA Aerpamauus MamomoinHbx CUJL
Nichia cumero ceeuenus. C yBenmueHueM (IoeHCA OBICTPHIX 31eKTpoHOB cBbme 1-10'° cM Habmoxamuick
JOCTaTOYHO cUibHBIE M3MeHeHuss B BAX (puc. 4) u Buaumoe nouepHenne auna3bl CUJI (3mokcHaHas cMoa),
CHJIbHO YMEHbIIAOIIEE ero ONTHYECKYI0 MOIHOCTh. He0OX0/MMO OTMETHTD, YTO CYIIECTBEHHOW PAa3HUIIBI B U3-
MEHCHHSIX DIICKTPHUCCKUX U OTMTHYeCKUX mapamerpoB CUJI oT ero moioxeHust ipu obaydeHun ((hpoHTaAIBHOES
i 60KoBOe) He Habmromanock. PIroeHe, Mpu KoTopoM Habmomancs otkas CUJI, coctaBui 1,8-1017 CM'Z, pu

sToM ero BAX cTaHOBWIaCh THHEHHOMN, COMPOTUBIICHHE cOCTaBUIO ~10 KOM.
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Hanpaaenne. B

PucyHok 4 — BosbTamnepHas xapakrepuctuka cudero CHJI Nichia mocie 06.1y4yenus
OLICTPLIMH 3J1eKTpoHamMu: 1 — Hexoausiii; 2 — o6ayuenubrii fuoencom 410 em?;
3-510% em? 4—5-10" em? (moBTOpHOE M3Mepenue yepes 10 M)

Iocne o6myuenuss CUT Nichia c yBennuenneMm ¢uroeHca repBoHavaIbHO Habmomaercs cmemenne BAX
B CTOPOHY OOJIBIINX HANpspKeHHi cMmemenns (cM. puc. 4), 3areM mocie onpezeiaeHHoro ¢uroenca (B obiac-
i~(3-5)-10" cm®) s pasupix CHJI oxHOM MapTHE IPOMEXOINT pe3koe cMemenne BAX B CTOpPOHyY HH3KHX
HanpspkeHui. BeposaTHo, Ha mepBoM 3Tare oOIydeHUs] MPOUCXOIUT KommeHcarus oomacreit CHUJ pagmannon-
HBIMHU Jie(heKTaMH, 4TO MPUBOAUT K YBEIHYCHHUIO MocienoBatenpHoro conporusnenus CUJI. Bropoii stam, Be-
POSATHO, 00yCIIOBJIEH MPOOOHHBIMY siBiIcHHsAMH. Ha pucynke 4 BunHo, uto BAX mociie 60JbIIUX (IIFOCHCOB SIB-
JSETCs HeCTaOWIbHOM U 1t HekoTopsix CHUJL MokeT mpu OONBLIMX TOKAX MPOSBILSITH OTpULATEeNbHOE Audde-
PEHIMATBHOE COMPOTHUBIICHHE, KOTOPOe 00ycaoBiIeHo pazorpeBoM CH/I B o6nacTi kaHAIOB MPOOOS.

OGHapyxeHa 0COOCHHOCTh B CIIEKTPax dnekTpontoMuaecueHnd CUJl u tuHaMUKe WX M3MEHEHHS IOCIe
o6myuenus HeGombuM drroencom 1-10° cm?. Ha pucynke 5 BUIHO CYIIECTBEHHOE YMEHBIICHHE CIICKTPATIb-
HOTO TIOTOKA M3JNyUYEHHs Cpasy ke Mmocie obimydenus (MOIIHOCTh M3IYYeHHs yMEHbImIachk B 2,6 pasa), BAX

CHU/I nput 5TOM NIpaKTHYECKH HE U3MEHUIIACh.

10"

T

T
PRI |

CrektpansHeiil noTok wiayyenns. |/c
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PucyHok 5— 3aBHCHMOCTB CHEKTPAJIBLHOI0 NOTOKA M3JIy4eHHs
ot 3Heprun porona CUJ Nichia xo u noce 06.1yueHus1 GbICTPHIMHU 3JIEKTPOHAMH:
1 — 0 06yuenns GLICTPHLIMH IEKTPOHAMHE; 2 — HOC/Ie 00.IyUeHust GLICTPLIME Y1eKkTponamu duoencom 1-10™ em™
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VYcranosieHo (puc. 6 u 7), uro B nporecce pabotsl o6ayuernHoro CUJ] ontudeckas momaocts CUJ mo-
CTEIEHHO BO3PACTACT U BHIXOJUT Ha CTaOMIIbHBIC 3HAUCHUsI ciycTst 3—4 4 (Bo3pactanue gocturaet 50%).

7x10" |-

6x10" |-

5¢10" |

4x10" |

CrnekTpaneHelii NOTOK w3ayvueHms, 1/c

3x10" <
256 258 260 262 264 266 268 270 272

Sueprus orona, 2B

PucyHok 6 — 3aBHCHMOCTH CHIEKTPAJIBLHOIO MOTOKA U3JTyYeHHsI
o6yuennoro oopasua CHJL Nichia (cuia ok 20 MA) ot 3Hepruu GpoToHA IS Pa3JUIHBIX BpeMeH HapaGoTKu.
Bpems Hapa6otku B munyTax: 1-0; 2—16,8; 3—54,1; 4-117,4;, 5-166,5, 6—172,2

®dopma CreKTpa Ipu 3TOM NPAaKTUYECKU HEe U3MEHSETCS, OAHAKO [JIMHA BOJHBI, COOTBETCTBYIOIAs MaK-
CHMYMY CHEKTPAIbHOW MIOTHOCTH U3ITy4YeHHs, co BpeMeHeM pabotel CUJI ymenbuiaetces (puc. 8).
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Bpema paGoTeL MuH Bpema padoThL. Min
PucyHok 7 —3aBHCHMOCTH MOIITHOCTH HU3JIy4YeHUS PucyHok 8 — 3aBUCHMOCTB JUIHHBI BOJTHBI, COOTBETCTBYIOLIEH
oo.ryqennoro CUJI Nichia or Bpemenu paGoTsI MaKCHMAJIbHOMY 3HAYEHHIO CHIEKTPAIbHOIl INIOTHOCTH MOTOKA

ussydenus odsydennoro CHUJI Nichia, or Bpemenu pagoTni

[Tpumeuanue. Cruomnas gunus (puc. 7 u 8) npeacTaBisieT pe3yabTaT MOATOHKH B PAMKaX MOHOMOJIEKYIISIPHOM
peakuuu.

DTy 0COOCHHOCTh MOKHO OOBSICHUTH TOBBIIIICHHEM YpOBHS Bo30yxkmenuss CUJI, 4To, B CBOIO oYepenn,
CBSI3aHO C OT)KUTOM BO BpeMs pabOTHI paJHallMOHHBIX AC(PCKTOB, BHOCUMBIX 00MydcHreM. KnHeTnka BoccTa-
HOBJICHHS KaK onTtwdeckoi morHoctd CUJI, Tak u JUIMHBI BOJNHBI, COOTBETCTBYIOIIAS MAKCUMYMY CICKTPab-
HOW TUIOTHOCTH W3JIYYCHUs, UMECET SKCIOHCHIIMATBHBIN BUM, XapaKTCPHBIA IS MOHOMOJICKYJISIPHON peaKIuu
MIEPBOTO MOPsAKA C MOCTOSHHON BpeMenn T = 70 MuH. Takoe MOBEACHUE CBSI3aHO, BEPOSITHEE BCETO, C MHIKEK-
[MOHHO CTHMYJIMPOBAHHBIM H/WIM CBETOWHIYIUPOBAHHBIM OTXKMIOM BBEJCHHBIX DJICKTPOHHBIM OOJIydeHHEM
nedexroB crpykTypsr CU/I.

3akiwuenue. VccienoBano BIUsHUE O0JMy4eHHs! ObICTPBIMU 3ekTpoHamu (4 MbsB, dumoencamu 10
1,2:10" CM'Z) HA JJIEKTPUYCCKHUE M ONTUYCCKUC CBOICTBA MOIIHBIX CHHUX, 3€JICHBIX, KPACHBIX U YIbTpadHuoiec-
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toBeix CUJ] Helio (1 Br), a taxxe manomornueix CU/I Nichia (90 MB) Ha ocnoBe coenunenuii InGaN u Alln-
GaP. YcraHoBieHB 3aKOHOMEPHOCTH U3MEHEHUH NpH 001y4eHHH B BAX ¥ CIIeKTPOB 3JIEKTPOIIOMUHECHCHIINH
CHJI. ObHapykeHO M3MEHEHHE B CIIEKTpaX JJICKTPOIIOMUHECIICHIINN YIIbTpaduoneToBbix u cuaux CUJI, cBs-
3aHHOE BO30YXKJEHUEM B JTIOMUHECIICHITUH B ITOBPEKICHHBIX 00IydeHreM noauMepHbix mua3zax CU/I. O6Hapy-
JKEHO BOCCTAHOBJICHHE B TIpoliecce padOTHI ONTHYECKOH MomrHocTH oOmydeHHBIX CH]l Ha OCHOBE HHUTPHIOB
C KMHETHKOH, XapaKTepHOH I MOHOMOJIEKYJISIPHOM peakIiiy EPBOTO MOPsIKa.
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OPTICAL AND ELECTRICAL PROPERTIES OF GETEROSTRUCTURE BASED
LIGHT EMMITING DIDODESAFTER FAST ELECTRON IRRADIATION

Y. BUMAI, D. BOBUCHENKO, A. VASKOW, S. VABISHCHEVICH,
S LASTOV&KII, U. TROPHIMQV, V. ZVIRKO

An influence of fast €lectron irradiation (4 MeV) on the electrical and optical properties of light emit-
ting diodes (LEDs) on the basis of nitride and phosphide heterostructures have been studies. The features
of volt-ampere characteristics, electroluminescence spectra and thermal characteristics of LEDs after irra-
diation have been established. The wide band at ~ 2 eV in electroluminescence spectra of ultraviolet and blue
LED related to polymer lens damage has been found. The recovery of optical power during LED operating
following to-monomolecular first order reaction has been observed.
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