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OCOBJIUBOCTI CIIEKTPIB BUIIPOMIHIOBAHHS
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V@ CJT INGAN

Poman Beprudy6b, Temsana Mocrox, T2op Ilempenxo,
Ounexcandp Padkesuy, Jmumpo Cmpaminsam, Borodumup Tapmaurusk

Abstract. Light-emitting diodes (LEDs) grown on the basis of InxGal-xN
solid solutions (z < 0.1) were investigated. It was found that the radiation
spectrum of the studied samples at 300K consists of three bands with A1 max =
370nm (UV),A2 max = 550nm (yellow) and A3 max = 770nm (red). The first
of them arises as a result of recombination transitions in quantum wells (QWs);
the other two are of defective origin.

The result of the temperature assessment of the pn-junction in the mode of
the nominal operating current of the diode (I = 20 mA) is close to 252°C. The
drop in the efficiency of the LED radiation as a result of the increase in the
current may be due to the increase in the relative contribution of non-radiative
transitions when the quasi-Fermi level enters the region of the increased density
of the tails of the zones.

The doublet structure of the maximum of UV radiation — the band at 77K —
is a consequence of the phonon repetition of the main emission line.
Irradiation with electrons is accompanied by a drop in the intensity of the
luminescence of all three bands; the occurrence of the maximum at Amax=420
nm is obviously related to the introduction of radiation defects into the QW
region.
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Amnorauis. Tocaimxysamucs ceitnogionn (C/I), Bupomeni Ha 0OCHOBI TBepAnX
posunHiB InzGa1— ;N (z < 0,1). BusiBiieno, o crekTp BHIPOMIHIOBaHHS JI0-
ciimkyBannx 3pa3kiB npu 300K ckiiagaeTbest 3 TPbOX CMYT 3 Al max = 370 HM
(YD), A2 max = 550 HM (2k0BTOT) Ta A3 max = 770 HM (uepBonol). ITepima 3 Hux
BUHUKAE BHACIIOK peKOMOiHaniitHuX mepexoiiB y kBantosux aMax (K); asi
iHI — J1ePEKTHOrO MOXOPKEHHSI.

Pezysnbrar oninku TemrepaTypu p-n-mepexoy y peKuMi HOMIHAJIBLHOTO pobo-
qoro crpymy agioga (I = 20 MA) Gumsbkuit go 252°C. Ilaginus edexTuBHOCTI
sunpominoBanasg CJl y pesynbraTi 3pocTaHHS CTPYyMy MOXKe OyTH 3yMOBJIe-
HUM 30i/IbIIEHHSM BiJIHOCHOTO BHECKY O€3BUIIDOMIHIOBAJIBHUX IE€PEXOJIIB IIPHU
BXO/>KeHHI KBa3ipiBass Pepmi B 06J1aCTh MiABUIIEHO] IIIJIBHOCTI XBOCTIB 30H.
JlymnneTHa cITpyKTypa MakCUMyMy BunpoMiHioBauus YO — cmyru npu 77K —
HaCJIiZ0K (POHOHHOIO MOBTOPEHHSI OCHOBHOI JIiHII BUIIPOMIHIOBAHHSI.
OnpoMiHEHHSI €JIEKTPOHAMU CYIPOBOJZKYETHCS MAJIIHHAM IHTEHCUBHOCTI CBi-
9eHHsI BCIX TPBOX CMyT; BHHHKHEHHS MAKCHMyMa Amax = 420HM odueBHIHO
OB’s13aHE 13 BBEJEHHAM pajiaiiinux jgedexTiB B obsacts KA.

Karouosi caosa: InGaN, cBiT/IONio, BOJIBT-aMIIEPH]I XapaKTEPUCTUKH, OIPOMi-
HEHHSsI eJIEKTPOHAMU

Beryn

HogiTai mHamiBmpoBiHUKOBI Kepesa CBiT/Ia — CBITIOMIONM, BOJIOIIIOTH
PSJ/IOM He3aIlEpEeYHUX IepeBar Iepejs TPAJUIiiHIMI — MiHIATIOPHICTIO, BUCO-
KOIO0 e(DEKTUBHICTIO, TIBUIKOIIEI0, MOXKJIUBICTIO OJI€PYKAHHS 3 POOOYUMU JTOB-
KWHAMU XBIWIb y mupokoMy miamnazoni — B [Y mo Y@, nosuicTioO BUTiCHUIN
TemIoBl Ta ra30CBiTHI aHasorm 3i cdepu MIKpO- Ta ONTOESTEKTPOHHOI TEHIKH.
IIpomnec 3amimenns y 3HadHifl Mipi TaKOXK TOPKHYBCS BUPOOHHUIITBA TOBAPiB
MMAPOKOTO BXKUTKY 1 TTOOYTOBUX TIPUCTPOIB.

CII cranu Ge3ajbTepHATUBHUMIE JIZKEPeJIaMU BUIIPOMIHIOBAHHSI IIPU CTBO-
PEHHI MOHITOPIB PI3HUX BUJIIB JIJIsI CUCTEM BiloOparKeHHsI, 30epirants Ta 06poo-
Ki iHGOPMAIITHIX MACHUBIB, BUTOTOBJICHHS TOBHOKOJITLOPOBUX BEJIMKOMACIIITA~
6uunx ekpauis [1-12].

Hapa3zi 0cobmmBo iHTEHCHBHO PO3BUBAIOTHCS TEXHOJIOTIl OfepKaHHs, T0-
ciipkenns Ta 3actocyBants CJI MIKpOHHUX PO3MIpiB Ta MpHIAAIB riOPUIHOIO
tuiry. ¥ pobori [11] moBigoMisieTbest Ipo poGOTy HOBOI HEOPraHiuHOT ribpUIHOT
HAHOCTPYKTYPH, KA BUKOPUCTOBYE IIPUHIINI e(DEKTUBHOIO HEITPOMEHEBOTO TIe-
peHeceHHsT eHepril MiXK «CHHIMU» MHOXXUHHUMHU MiKPOSIMAMU Ta «YXKOBTUM» IO~
jgimepom. Bukopucranus macusis Hanogporis InGaN/GaN 3abesneuye Bucoxi
ONTUYHI XapaKTEPUCTUKN BUIIPOMIHIOBAHHSI CHHBOI'O KOJILODY, IIPU I[HOMY ede-
KTHBHICTH HEIIPOMEHEBOro IepeHeceHHsl eneprii carae 73%.

Iomioaum CJI BracTupuii Bucokuii KoedilieHT KOHBEPCil, cTablIbHICTD,
n00pa eMicist Ta MOXKJIMBICTh BUTOTOBJICHHS THYIKHUX JUCILIETB.

VY pobori [12] noBigmoMIIsIETHCS IPO OJIepXKAHHS TOYKOBOrO JiKepesia RGB
TAHJIEMHOTO THUILy, IO 0a3yeTbCd Ha aKTUBHUX mapax Ing15GagssN (romybe
ceivenns), Ing3Gag 7N (3esene) Ta Ing5GagsN (1epBoHE), HEPCIEKTHBHOIO
JIJIsl BUTOBJICHHSI MOHITOPIB 3 MiJIBUINIEHHOIO PO3/JILHOIO 3/IATHICTIO.

Bucoka eneprist Y®-kBaHTIB 3yMOBJIIOE TXHE 1HOI J1€110 crienudidHe BUKO-
pUCTaHHs, & caMe, HAIPUKJIaJl, 3 MeToIo jge3aktusanil Bipyca Sars Covid 2. [13];
y pobori 14| maromomyersest, mo CJI 3maTHI TOMINIIyBaTH SIKICTh TIPOTYKTIB,
BIUIMBAIOYM HAa AKTUBHICTh 3aXUCHUX CHJI (DPYKTIB Ta OBOYIB, iHAKTHBYIOYIH
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XapdYoBi MATOTEHM, 3MEHIIYIOUN BMICT (eHoMiB i (HIABOHOIMIB, CTUMYIIOBATH
YTBOpeHHs poTuKaHTeporenis [14]. Bike Tpagumiitaumm craim 3acTOCYBaHHST
VO CJI mjist ounnieHss Bou, Je3iHdeKIil MeInYHIX IHCTPYMEHTIB 1 JIiKiB, (o-
Torepanii, J{arHOCTHKY, ToJiMepu3artii, y KpuMinagicruni ta in. [15, 16].

OrnpomiHeHHS MBUAKUMI YACTUHKAME, STK KOHTPOJILOBaHU criocib BBee-
HHS JedEKTiB TEBHOTO THITY, MOXKE CIIPUSTH OJIEPKAHHIO JTOJATKOBOI iH(popMa-
il Ipo POJIb HOPYIIEHb CTPYKTYPH ¥ (POPMYBAHHI XKOBTOI A2 max = D00 HM Ta
YEPBOHOI A3 max = 770 HM CMYT CIIEKTPY BAUNpOMiHIOBaHHs [12, 17] npu orinmi
JerpaJaliifHol KOHCTaHTH OCHOBHOI JIiHil BUumpoMiHioBanusa hy = 370 HM.

Crin TakoXX 3ayBajXXUTH, IO KUIBKICTH POOIT, MPUCBAYEHUX BUBUEHHIO
BuBYy onpominenns Ha xapakrepuctukn CII InGaN 3 kBanToBuME simamu —
3nadHa. 1 mpuKIasy MOXKHA HAa3BATH JIUIIE OMyOJiKOBaHI BiHOCHO HeIaB-
HO [18-20]. BomHouac umcio crareii, e mocaimkyorbes onpomineni YO CJI
InGaN, Bkpaii obmexene [21].

ExcnepumeHT

Hocrmimkysanucs cepiiini yiubrpadioserosi csitinoniogu (YO CHO) iz K4,
BUTOTOBJIEHI Ha OCHOBI TBepzoro pozunty In,Ga;_ N (z < 0,1) 3 enokengHO0O
JIIH3010, siKa B pa3i morpebu — 31u1ioByBaJIaCh.

CriekTpu eJIeKTPOJTIOMIHECIIEHTIIT BUMIPIOBAJINCH 38, JOTIOMOI'0OI0 aBTOMATH-
30BAHOI'O KOMILJIEKCa, 3i0panoro na 6a3i monoxpomaropa MJP, ta moprarus-
uuM cuekrpomerpoM StellarNet Inc. B mexkax Temmeparyp 77+ 300 K i crpywmis
10 MkA+20 MA.

Boabr-ammepni xapakrepuctuku (BAX) CJI sHimaimch CKOHCTpyiioBa-
HUM JIJIs Ti€1 METH IPUCTPOEM, KEPOBAHUM KOMII'FOT€POM. [HTEepBaJl BUMIpPIO-
pasbHnX crpyMis cramosus 10710 + 102 A y mexax 77 + 300 K.

Onpowuinennst enexkrponamu 3 F = 2MeB Binbysasocst npu KiMHATHI
TeMIEPATYPi 3aBJIAKN IHTEHCUBHOMY TOBITPSIHOMY OXOJIO/I?KEHHIO.

Bukopucrani HaMu 103U OIPOMIHEHHSI He CIPUYHHSIM IIOMITHOTO 3MEH-
[IEHHsI ONTUYHOTO MPOIIYCKAHHS JIIH3M, siKe MOTPIOHO OyJsio 6 ypaxoByBaTH.

PesyabTraTtn

CuexkTp BunpowminioBanHst jpociipKysanux CJI nmpu 300K ckiiagaerbes
3 TPBOX CMYT i3 MAKCUMYMAMH Amax = 370HM (V®), Apax = 550 HM (K0BTA)
Ta Amax = 770 HM (uepBona). [losoxkeHHs JBOX OCTaHHIX Ha puc. 1 IOKa3aHO
CTPILTKaMH.

OcHoBHOIO cJ1ij] BBaxKaTH inTeHcuBHy Y®-cMyTry 3 HamBImpUHO AN =
16 5EM, 3yMOBJIEHY BHIIDOMIHIOBaHHSIM KBAaHTOBUX $IM; Ha PHC. 2 BOHA IIOKa3aHA
pazowm i3 dyuKIissMu posnomiiay Jlopenna i ['ayca, mobyoBaHuMu Ha OCHOBI BU-
KOPHUCTAHHSI OCHOBHHX ITaPAMETPiB €KCIIEPUMEHTAJILHOI KPUBOT — HAIiBITHPUHI
Ta IHTEHCUBHOCTI y MAKCUMYMi, 3TiTHO:

F.(v)= ———— I'— maniBmmpuna, Jinil Jlopenna;
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(v —10)?In2
2vIn2

F:(v) = e (0v)? ; O0v — manismmpuna Jinil Layca

Ty

BuHo, mo ekcriepuMeHTaIbHA KpUBa J100pe Y3roKyEThCs 3 000Ma PO3-
HOJTiJIAMHU.

Bunsarkom moxke OyTu Jnine mesika BiIMIHHICTB B 00JIACTI «KpWII», sIKa
icHye BHACTIIOK CITenniky JIBOX TEOPETUIHUX POIIMTOIIIIB.
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Puc. 2 Posnoain inrencusrnocti ceivennss YO CJI InGaN
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3a HAXWJIOM CIIEKTPAJILHOI JIiHIl B 00JIaCTI BEJUKUX €HEepriit KBAHTIB MO-
2KHa OIHUTUA BEPXHIO MEXKY TeMIlepaTypu HOCIB cTtpymy T, B objacti p-n-
IIePEXOLy.
d(In Liyy) 1
A wr) o
d(hv) T.’
Jas mammx 3paskiB npu HoMiHagbHOMY cTpyMmi I = 20 MA BoHa cTaHo-
Buthb 252°C i 6mm3bka 10 T, = 221°C gist rosyoux C InGaN.
3HauHe IepeBUIleHHsT 000X OJIePXKAHNX BEJIUYUH HaJ| KIMHATHOK TeMIle-
paTyporo 3yMOBJIEHE JIOJIaHHSIM 6ap’epy p-N-IIepepexojly B IepIy Yepry BHUCO-
KOEHEPreTUIHUMH HOCISIMU.
Haxwnnm auspkoenepreTu<HOl YacTUHN TPOMILII0 TiHIT — OAWH 13 OCHOBHUX
mapaMeTpiB JBOBUMIpHOI (hDeHOMEHOJIOTIYHOT MOJIe/Ii aKTUBHOI 00J1aCTi Tepepo-
CTPYKTYPHU 3 KOMOIHOBAHOIO I'YCTUHOIO CTaHIB

K— nocriitna Bosbivana

NZA
T — E)

L exp(~ =t
0

Nzﬂ\(hw7 E_;;7 EO) =

Je BIuB DJIyKTYaIliil moTeHIiaaa BpaxoBaHo BBEICHHIM eKCITOHEHITIHHOT Dy H-
Kuil maainas [22].

Y Hamomy BUIAJIKY 3POCTAHHSI 1HXKEKI[IHHOTO CTPYMY CyIPOBOJKYETHCS
3MeHIeHHgM napamerpa Fo (puc. 1), 10, B ¢BOIO 4epry, Npu3BOAUTD 10 3011b-
menns N2, Orxe xpazipisui ®@epmi, pyxatouncs y 6iK Biamosimzuumx 30m, 1m0-
TPAIISIOTH B 00/1aCTH OLIBINOI MIILHOCTI CTAHIB ¥ XBOCTaX TXHBOTO PO3IOILITY.
ITpu npoMy, 5K TOKa3aHo y poboTi [23,24], ciocTepiraerhest naainHs ebeKTuB-
HOCTI eMicil (DOTOHIB BHAC/IOK 3pOCTAHHSI BHECKY OE3BUIIPOMIHIOBAJIBHOI pe-
KoMOiHAIT Yepe3 rinbOKi piBHI XBOCTIB 30H.

IIpu 77K na cuekrpax BUHUKAE TOHKA CTPYKTypa (puc. 3) 3 TOJOBHUM
MaKCUMYMOM TIPHA Apax = 376 HM Ta ABOMA OITHUMU 3 Apax = 368 HM 1 Apax =
386 uM, BijicTaHb MiXK gKUMU OJU3bKa J10 eHepril ontudnoro ¢ponona — 80 meV
y GaN.
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Puc. 3. OcroBra Y@ cmyra sunpowminroBaras InGaN ceitnogiona (T'= 77K, I = 1+15MA)
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OcuoBHuit #Hemomik yabrpadionerosux CJ/I — npucyTHicTh y criekTpi Bu-
NIPOMIHIOBaHHS OKPiM ocHOBHOI 3 A = 370 HM JIiHill 3HAYHO MEHIIO] iHTEHCHB-
HocTi — k0BTOI (A = 550 HM) Ta uepsoHOI (A = 770HM), KOTpi HOripIIYIOTH
CIIEKTPAJIbHY «UHCTOTY» CBIUEHHS J1i0J1a. IXHE MOXOIKEHHsI OB sI3aHe 31 cTpy-
KTypHIME nedeKTaMu MaTepiary.

CTOCOBHO YKOBTOT — BIBIITICTH ABTOPIB CXUJISIETHCS JI0 BUCHOBKY, IO YV BCIiX
3pazkax GaN n-Tumny BoHA BUHUKAE y pe3yJsbraTi nepexomis i3 C-30Hu, 91 Mij-
KUX JOHOPHUX PiBHIB Ha ryMOOKI akienTopu 3 eHeprismu ionizarii 0,8-0,9 eB,
siKi HaifliMoBipHine GaraToKpaTHO 3apsi/pKeHi 1 MicTATh KoMILIeKeH 3 Vg, [16,
17]. Buciosioerbest iyMKa, M0 BiAIIOBIIAABHICTD 38 HET MOXKHA TOKJIACTH Ha
KOMILJIEKCH VG, 3 ATOMOM 3aMilleHHs; 10 11 (pOpMyBaHHS MOXKYTh OyTH IIpH-
YeTHUMHI TaKOXK KOMIUIEKCH 3 ByTJerieM, abo K okpemi atromn C.

Hessaxkarouu Ha 3HAYTHE YUCJIO POOIT, MPUCBAYEHUX ITiHt TEMi, JT0Ci He iCHy€E
€JINHOTO TIOIJISIIy Ha JIOKAJI3aIii0 J1epeKTiB, 10 CIPUYUHIOTH YKOBTE CBiYeH-
He — y 00’eMi, U1 Ha OBEPXHI.

V mamux 3pa3kax KoBTa cMmyra B Mexkax I = 0,2-2MA mae Buris cu-
MerpudHOi KpuBol ['aycoBoro npodisio 3 namismmpunoio I' = 96 am. i makcu-
MYMOM Almax = 550 HM (puc. 4). 3ameKHiCTh IHTEHCUBHOCTI BUITPOMIHIOBAHHST
Bi BesmumHMN cTpyMy — Maiike JiHifiHa (puc. 4 BcTaBKa).

-
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|IHTEHCUBHICTbL CBiYeHHS, YM.0A.
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Puc. 4 ?Kosra cmyra sunpominosanusa Y@ csitinomioga 300K. I' — posmogin Tayca (-o-)

Ilapamerp Fy, BU3HAUEHUI 3 HAXUJTY HU3BKOEHEPTETUIHOT YACTUHU CMY-
i, 9K 1 s ocHoBHOI Y ®-cMmyrw, 3i 30LIbIIEHHSIM CTPYMY Yepe3 0 TAKOXK
3MEHIIYEThCs, (pHC. 3), IO eKBIBAJEHTHO 3POCTAHHIO KOMOIHOBAHOI I'yCTUHU
cramis N22\, symossienomy nepemimentsay kBasipisais @epmi [23,24].

Yeprona cMyTa (Amax = 770 HM) 1pu I = 2 MA 3a iHTeHCHBHIiCTO B 7,1 pas
caabKira »KoBTol; mpodias — ou3bkuii 10 ['aycoBoro. Kosu Beimanna crpymy
carae I = 40 MA, BoHA cTae pi3KO aCUMETPUIHOIO 3 HamiBIIUpUHOIO ' = 35 HM
i 3HAYHO BimpisusgeThca Bixg posmominay [ayca, mo ogHO3HAYHO MOYXKHA TPAKTY-
BaTH, K HACJIIOK BILIUBY JedekTiB Ha 11 hopMy; mopiBHSAHO 3 ocHOBHOIO Y D-
JHIEI0 BiH IPOSIBIISIETHCST J0BOJI iCTOTHO, puc. 5 a).
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Puc. 5 (a) Yepsona cmyra BunpominoBanasa Y@ csitnomioma T = 300K, I' — posnozin

Tayca (-o-). Ha BcTaBii nokasaHa 3aJ/I€KHICTb IHTEHCHBHOCTI BHIIPOMIHIOBAHHSI BiJ CTpyMy
(x- PO3paxyHOK, -O- €KCIIEPUMEHT)

He Bukioveno, mo npudanHa BiIMIHHOCTI — y TTOXO/I2KEHH] BUITPOMiHIOBa-
HHs. Ko Y@-jiiHist — pe3y/bTaT CBidYeHHs KBAHTOBUX siM, TO Y (DOpMYyBaHHI
9epPBOHOI CMYTH MOXKYTb IPUAMATH yIACTH j1eDeKTH PI3HOTO BUJLY, B TOMY YM-
cii 1 siokastizoBani y 6ap’epax GaN sume V-3omu na 1,2+1,3eB [17].

IIpu Benukux crpymax (I = 40MA) crae HOMITHHM <«4e€pBOHUI 3CYB»
(AX = 101M), 3ymoBiIennit 3miHO0 Fy KpUCTala BHACIIIOK HOro HarpiBaHHsL.

ITpu Husbkux temieparypax (77K) mmpoxmit makcumym A = 750 HM
(300 K) po3IIeIioeTbess Ha TPU Amax1 = 736 HM, Amax2 = 7TH3 HM Ta Amax3 =
774 7M. (IXH€ IOJIOZKEHHS OLIHEHO 3a ClIeKTPoM, 3uaTuM 1ipu I = 20 MA, puc. 5 6).
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Puc. 5 (6) Yepsona cmyra Y@ ceimiomiona T = 77 K. Ha BcraBni nokasana 3aJjIeKHICTb
IHTEHCUBHOCTI BUIIDOMIHIOBaHHH BiJl CTpyMy
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OCHOBHUM OYEBHUIHO CJIJ BBaKaTH BUIIPOMIHIOBAHHA 3 A = 753 HM; IBa
IHIMUX MaKCUMyMU 3MilleHi BiiHOCHO rojioHoro Ha AF; = 38,2 meB ta AF; =
41,9 meB, Tx MOXKHA TpakTyBaTH, sik (POHOHHI PEIUHKU OCHOBHOTO [26].

3ajieXKHICTh IHTEHCUBHOCTI CBiUeHHSI BiJl BEJUYUHU CTPYMY dUepe3 o1
B iHTepBaJi BijJ Hyap0BOro J0 HoMiHasbHOrO (I=20MA) Maitxke niniiina

I = BI%, ne B=2,2

J1J1st KIMHATHOI TeMIlepaTypH i 3HaYHO CKJaHima — upu 77K, 1e npo miniitaicts
MozkHa ropoputn Jjmine | = 20 = 35MA (puc. 5 6, BcTaBka).
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Puc. 6 (a) Cuekrp Buxigsoro yd csimiogiona InGaN nupu T = 77K, crpym 5, 10, 20 MA

iHTEHCUBHICTb CBiYeHHS, YM.0A.
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Puc. 6 (6) CrexTp cBivenns onpominenoro eqexrponamu (® = 5,74 - 1014 cm—2) Y@ critio-
mioga InGaN npu T = 77 K, crpym 15, 20, 25, 30, 35, 40 mA

Onpowminenns enekrponamu 3 E = 2MeB cynpoBoikyeTbest maiiHHIM
IHTEHCHBHOCTI CBiU€HHsI BCiX TPBOX CMYT, IO CBIIYUTH MPO BBEJIEHHsI O€3BU-
npoMiHIOBaJIbHUX DPiBHIB #K y Oap’epm GaN, tak i B aktuBHi obmacti KA —
tBepi pozunan InGaN. Ha puc 6a,6 mokazaHi crieKTpu BUXiTHOTO Ta OIPOMi-
neroro (® = 5,74 - 10 cm~2) miona, suati npu 77 K Ta pisaux crpymax.
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Ha puc. 7 Bonu 300pazeni B ogHakoBomy macmrabi. 3 puc. 6 6) BuiHO,
0 y CIEeKTPi OMPOMIHEHOTO [ioja Ha (POHiI 3arajbLHOTO TAIiHHS IHTEHCUBHO-
CTi CBiYeHHS KBAHTOBOI MU Amax = 37D HM BUHHUKAE JIOJATKOBUN MAKCHMYM
Amax = 420 HM., 3yMOBJIEHU} BBEJIEHHSM paJialliiHAX MMOPYIIEHb CTPYKTYPH,
naitimoBipwirte y map InGaN. Orxke, BogHOYIAC 13 BBEIEHHAM IIPU OIIPOMiHEHHI
TIEPEBAYKHOTO IMC/Ia OE3BUIMIPOMIHIOBAJILHAX PiBHIB y MaTepiajg KBAHTOBOI SIMU,
BUHUKAE MM€BHA KLIBKICTh MePEKTIB, SAKi CIyKaTh MEHTPAME BUIIPOMIHIOBAHHST
3 Amax = 420 HM.
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Puc. 7 CnekTpu BUNPOMIHIOBAHHS BUXIJHOTNO — (1)7 Ta OIPOMIHEHOI'O €JIEKTPOHAMU
(& =5,74-10% cm—2) — (2) Y@ crimnomiona InGaN npu T = 77K, (I = 20mA)

Jo3na 3ajexuicTh HafivyTuBimol g0 pasiamii ¥YP-cmyru — 6/1u3bKa 10
EKCITOHEHTITiHOI. BuIa mopiBHSHO 3 iHIMUME JIBOMA CMyTaMu paJlialiitHa cTifi-
KICTh 2KOBTOI OYEBHUHO CBIIYUTDH, MO 11 JPKEPEIOM MOXKYTh OYyTH KOMILJIEKCH
3 BYTJIEIEM.

BucHoBknu

CuexTp BunpomintoBanHst gocikyBanux Y@ C/I, BupomeHnx Ha OCHOBI
posuuny In,Ga;_,N (z = 0, 1), cKIa1a€ThCA 3 TPHOX AUISTHOK A max = 370 HM,
Aomax = DD0HM, A3max = 770HM; — mepina 3 HUX, HallinTeHcuBHima YO —
cMyTa, Bl OCTaHHI — »KOBTa Ta YepBOHA MaiizKe Ha MOPSAIOK CIaOKIi.

Y® — cBiuenns 3yMOBJIeHe MiKpiBHEBUME TTepexoamu B oosacti K; nBi
iHmi JriHil — gedexkTHOTrO MOXOMKEHHST; [Ipodish TXHBOI BUCOKOEHEPIeTUIHOT
qacTUHU J00pe y3ro/KyIOThCs 3 KiaacuauuMmu posnoiiaavu Jlopenna i [ayca.
3a HAXUJIOM BHCOKOEHEPreTMIHOro Kpuiaa YO — BUIPOMIHIOBAHHS 3pOOJIEHA
OIlIHKA& BEPXHBOI MeXKi TeMIEPATYPH HOCIIB cTpyMy 1, y MexKax p-N-TepeXory.
[Ipu vominasbHOMY pobodomy crpymi I = 20MA BOHA CTAHOBUTH NIPUOJIU-
3n0 252 C; 11 BeJIMKe 3HAYEHHS MOPIBHAHO 3 KIMHATHOIO MIOB’I3aHO 3 JIOJIAHHIM
6Gap’e€pHOro IMOJIs MEPIIIOYEPIOBO BUCOKOEHEPIEeTUIHUMHU HOCISIMU.

SmenmenHst mapaMmerpa Fy Mozeni akTUBHOI 00JIACTi T€TepOCTPYKTYpPH
[Ipu 3POCTaHHI PiBHS IHXKEKIIi1 3yMOBJIeHEe BXO/PKeHH:AM KBazipiBasa Pepmi B 00-
JIACTH OIBIIOI MIITHHOCTI XBOCTIB TYCTUHU CTAHIB i, BiMIOBIAHO, 3MEHITIEHHIM
IHTEHCHBHOCTI BUIIPOMIHIOBaJIBbHOI peKOMOiHAaIIi].
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Posmenenna makcumyma Y@ sunpominioBanus npu 77K Bunukae sk na-
CJIJIOK IOBTOPEHHs ocHOBHOI JiHil 370 HM 3a yuacTTio donona 3 Fy = 80 meB;
110/1i0Ha 0COOJIMBICTL CTOCYEThCA TaKoXK 4epBoHoi cmyru Fy = 38,2meB Ta
41,9 meB.

Ounpowminenns enekrponamu 3 E = 2MeB CJI InGaN/GaN upusonurnb
JI0 TIaJIiHHA IHTEHCHBHOCTI BCIX TPHOX JIHIA y pe3yabrari BBeIeHHsS OE3BUIIPO-
MiHIOBAJIbHUX piBHIB sk y akTuBHi obsacti InGaN, Tak i y 6ap’epu GaN. Ha
doHi 3araJbHOIO 3MEHIITeHHs IHTEHCUBHOCTI peKOMOIHAaIIIT BUHUKAE 10 IaTKOBHUIA
MaKCUMYM 3 Amax = 470 HM, COpUYNHEHUI MPUCYTHICTIO yV 3pa3Ky JedeKTiB
paTiaIifHOro OXOIXKEHHS.
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