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1. BnnuB edeKTy KOHIIEHTPYBaHHSI CTPYMY Ha MTOBEJIiHKY €JIEKTPOHHO-AipKOBOI I1J1a3MH B 6araTomapoBUX

CBITJIOBUIIPOMIHIOIOYMX CTPYKTypax

2. Effect of current crowding on the behavior of electron-hole plasma in many-layers light emitting structures

Pedepar:

1. Inceprauiiina po60Ta NPUCBSIYEHA JOCTIIKEHHIO €(EKTY KOHLIEHTPYBAaHHS CTPYMy B 6araTomapoBUX
CBITJIOBUIIPOMiHIOIOUMX Aiogax Buaumoi (InGaN /GaN), 61mxHboi (AlGaAs /GaAs) Ta cepenHboi (InAsSbP /InAsSb)
iHppauepBoHUx obsyacTteil. IIn9xX0M JI0KaJIbHMX BUMIPIOBaHb TEMIIEPATYPU MTOKA3aHO, 10 HACIITKOM €(EKTY
KOHLIEHTPYBAaHHS CTPYMY € HasIBHICTb 3HAYHMX HEOJHOPIIHOCTEN PO3irpiBy B CBiTI0Ai0nax HA 0cHOBI InGaN /GaN
KBaHTOBUX sIM (L=460-470 um). CymapHuUi BIJIMB €J€KTPUIHUX i TEIIJIOBUX e€(EKTiB IPU3BOAUTD 10 BUHUKHEHHS
"TeIJIOBUX NIACTOK" - MaJIUX JiNSIHOK (AiameTpom 20 MKM) MiJBUIIEHOI TEMIIEpPaTypU B cepellHi aKTUBHOI 06J1aCTi
IIpuafiB rpafiieHT Temneparypu B sikux gocsirae 107 (4) C/cm. EkciepuMeHTabHO BUSIBJIEHA i TEOPETUYHO
OOI'PYHTOBAHA 3aJIEXKHICTb €(PEKTy KOHLIEHTPYBAHHS CTPYMY Bifl LINPUHU 3a00POHEHOI 30HM aKTUBHOI 06J1aCTi

(moB>XMHM XBUJIi €JIeKTPOJIIOMiHeCLIeHIIi{) NJIaHapHUX CBITJIOi0/iB cepenHboi iHppauepBoHOi o6sacTi (L=3-5 MKM)



Ha oCHOBIi InAsSbP /InAsSb noapiiiHuX reTepocTpyKTyp. IIpy ogHaKOBOMY PiBHI iHXeKIii B 6i/1bIlI JOBrOXBUJIbOBUX
CBITJIOZi0/IaX CITOCTEPiraeThCs 6ibIl HEOJHOPITHUM PO3MOMIi €JEeKTPOJIIOMiHECIIEHIIii B TOPiBHSIHHI 3
KOPOTKOXBUJIbOBUMU. KpiM TOro, 3pocTaHHs BILIMBY 6€3BUNPOMiHIOBAJIbLHOI peKoMOiHalii IPpM3BOAUTS i [0 6isbIIOol
TeMIIEpPaTypH pO3irpiBy JOBrOXBUJIbOBUX CBITI0i0MiB. He AuB/sS4MCh HA iCHYI04i HelosTiKu iHppauyepBOHUX
CBITJIOZi0/1iB B pOOOTI IOKA3aHO, 10 BOHU YCIIMIHO MOXYTb OYTH BUKOPUCTAaHI B Ipujafax imirauii quHamivHux
iHdppauepBoHux cleH. Taki nepeBaru CBITIOAI0IB SIK WBUAKOAIS (YacToTa Moaysuii >20 kI'L), MIMPOKUIL iania3oH
eeKTUBHUX TEMIIEpPATyp, 6araToCIeKTpasbHa iMiTallisl (B AEKiIbKOX BY3bKUX I1iZI30HAX CepeAHbOI iHppauepBOHOI
0071aCTi) i MO>KJIMBICTb CUMYJIALI "XOJIOOHUX" CLIEH B PEXXMMi HEraTUBHOI JIIOMiHeCLeHIIii, po6sTh iX
KOHKYPEHTOCIIPOMOKHMMU IOPSiT, 3 TEIJIOBUMU BUIIPOMiHIOBauamu i slazepamu. Ha npuknazi AlGaAs /GaAs ¢ain-
yin me3acTpykryp (L=0.87-0.88 MKM) BUBUEHUI BIJINB €(EKTy KOHLIEHTPYBaHHS CTPYMY Ha JIOKaJIbHi PO3IOAINU
TEeMIIepaTypu PO3irpiBy B CBiTyIOAioAax 3 98 % BHYTpIlIHIM KBaHTOBMM BUXOZOM. [T0Ka3aHo, 110 HE OUBJISTYUCH HA
BUCOKWI BHYTPILIHIM KBAHTOBUM BUXIi[ i BUTIIHY 3 TOYKU 30PY PO3TiKaHHS CTPYMY IBOCTOPOHHIO ME3aCTPYKTYPY,
nopsiz, 3 3HauHUM posirpisom (T=50 C) B AlGaAs/GaAs cBiTyiofioax IpUCyTHIN TaKOX i 3HaYHO HEOQHOPITHUN
PO3I0AiN TeMIIEPATypU aKTUBHOI 0671acTi (rpafieHT Temnepartypu >950 C/cMm), KU € BifI0BiiaJbHUM 32
nepenyacHy aerpajauiio npuianis. TeopeTuyHo nependayeHo iCHyBaHHS IBOX TUIIB e(peKTy KOHLIEHTPYBAHHS B
Me3aCTPYKTypax: KOHTAaKTHUI eeKT KOHLEHTPYBaHHS CTPYMY, IO CIIOCTEPIiraeThcst 6e3rnocepesHbo 6ifisl IOBEPXHI

METaJIiYHOT'O KOHTAKTY i e(peKT KOHLIEHTPYBaHHS B aKTUBHI 06J1aCTi CBiTI0i0A.

2. The work deals with the investigation of current crowding effect in visible (InGaN/GaN), near (AlGaAs/GaAs)
and mid (InAsSbP /InAsSb) infrared many-layers light emitting diodes (LED). By means of local temperature
measurements it is shown considerable overheating nonunifotmity caused by current crowding in InGaN /GaN
multiple quantum well LEDs (L=460-470 nm). Combined influence of electrical and thermal effects results in "heat
traps" - small high temperature zones (diameter 20 um) inside active region. The temperature gradients in such
local zones reach up to 10™(4) C/cm. It is shown both experimentally and theoretically that in planar mid infrared
LEDs (L=3-5 m) based on InAsSbP /InAsSb double heterostructures current crowding effect depend on energy
band gap of active layer (LEDs emitting wavelength). At identical bias current, more long-wave LEDs show more
nonuniform electroluminescence distribution in comparison with short-wave once. Besides, the increasing of
nonradiative recombination impact also caused the highest temperature overheating of long-wave LEDs. Despite
of existing deficiencies of infrared LEDs it is shown that they can be successfully used in dynamic infrared scene
simulation devices. Such advantages of LEDs as low time constant (modulation frequency >20 kHz), wide range of
apparent temperatures, multispectral simulation (several sub-bands inside the mid-infrared range) and ability to
simulate cold or low observable objects make it competitive with thermal emitters and lasers. The influence of
current crowding on local overheating in LEDs (AlGaAs/GaAs flip-chip mesastructures, L=0.87-0.88 m) with 98 %
internal quantum yield is investigated. It is shown that despite of a high internal quantum yield and favorable for
current spreading two-sided mesastructure in the series with considerable overheating (T=50 C), AlGaAs/GaAs
LEDs demonstrate nonuniformity of active region excess temperature distribution (temperature gradient >950
C/cm) which is responsible of devices catastrophic degradation. It is theoretically predicted two types of current
crowding effect in mesastructures: contact current crowding at the contact metal surface and current crowding in
active region.
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