4. Conclusion

Angular and spectral distribution of the optically pumped laser radi-
ation from the InGaN/GaN multiple quantum wells and single heterostruc-
tures were investigated at room temperature. Calculations of the optical
confinement factor and the electromagnetic field distribution inside and
outside the heterostructures which were performed in the approach of the
four-layer 1sotropic waveguide model showed that the MQW lasers operate
in the high order (5-6) transverse mode regime. The spectral-angular dis-
tribution of the SH laser emission is mainly due to the leaky mode for-
mation with the mode order number of 14-15.

This work was done in the frame of the ISTC project B-176.
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MOJIOBAS CTPYKTYPA U3JIYUEHUS JIASEPOB C
NOMNEPEYHOMN OIITUYECKON HAKAUKOHN HA
TETEPOCTPYKTYPAX ZnMgSSe/ZnSe

E. B. JIyuenko', B. H. IaBaosckuii', B. 3. 3y6enesuu’, A. JI. T'ypeknii’,
n. II. Maplcol, I. 1L Hﬁnoncmnﬁl, H. Kalischz, M. Heuken2’3, K. Heime’

1I/IHCTI/ITyT ¢usukn um. b. M. Crenanosa HAH benapycu, r. MuHck
% Institut fur Halbleitertechnik I, RWTH, Aachen, Germany
3 AIXTRON AG, Aachen, Germany

H3yueHo crekTpalbHOE U MPOCTPAHCTBEHHOE pacHpeaeseHle MO U3JIyueH s B
Ja3epax C MOMEePEeUHON ONTHYECKOW HaKauyKOH Ha rerepocTpykrypax ZnMgSSe/ZnSe ¢
pa3aAcIbHBIM ONTHYCCKUM H SJICKTPOHHBIM OIrpaHUYCHUCM. I[aanee MoJIC U3JIyUC€HUA
CTPYKTYPUPOBAHO U MMEET PaCXOAMMOCThb HA IMOJYBBICOTE MOpsaka 25° B IJIOCKOCTH,
NEePIEeHANKYIAPHON reTepocTpykType. OnpeneneHbl 3HaueHus: pynnoBOro nokasarens
NPEJIOMJICHHS JIA3EPHOTO BOJIHOBOJA Ng M €I0 AUCIEPCHH, U3YYEHO BIMSHUE JUIMHBI pe-
30HaTOPa M YPOBHS HAKAYKH HA 3TU MapaMeTPHL
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1. Beenenne

CTpyKTypbl Ha OCHOBE ZNnSe MEePCHEKTUBHBI JUIsl CO3AAHMS CBETOM3-
JyYarommx npuOOpoB CHHE-3€JICHON o0nacTu crekTpa. B mpeasiaymumx
padoTax M3y4YaIMCh T'€HEPALIMOHHBIE U JIIOMUHECLEHTHBIE CBOMCTBA reTe-
pocTpykTyp ZnMgSSe/ZnSe [1, 2]. OCHOBHOH LEIBIO TaHHON padOTHI SIB-
JSETCSl  M3YYEHUE CHEKTPAILHO-YIJIOBOTO PACHPEICICHUS M3y YCHHUS
KBaHTOBOPA3MEPHBIX ZnMgSSe/ZnSe 51a3epoB ¢ pa3aeibHBIM OTpaHUYe-
HUEM, a TAKXKE UCCIICTOBAHUE BIMSHUS YPOBHS BO3OY)KJICHUS U JUIMHBI Pe-
30HaTOpPa HA MOJOBBIA COCTAB FEHEPALIUH.

2. DKCIIepUMEHT

['eTepoCTPYKTYpBl € PAa3ACiIbHBIM 3JICKTPOHHBIM M ONTHYECKUM
OrpaHMuYcHUEM ObUTH BhIpalicHbl Ha nopioxkkax GaAs B MOVPE peakro-
pe€ HU3KOTO AaBjcHus npu Temreparype pocra 330°C. OHM mpeacTaBisug
co00if BOCEMb KBAaHTOBOPA3MEPHBIX sM ZnSe (5 HM) ¢ Oapbepamu
71 g3Mgo1750.185€082 (10 HM), pacmoNOKEHHBIMU MEXKIY JBYMS BOJIHO-
BOJAHBIMM CJIOSIMM 71N g3Mgp 1750235€077 (75 HM), KOTOpBIE, B CBOK OYE-
pensb, OKPY>KEHBI Oonee HIMPOKO30HHBIMH AMUTTEPAMHA
71y 56Mg0.4450345€0 6. BO30Y)KIEHUE TEHEPALIMK JIA3EPOB C JUIMHOM Pe30-
Haropa 100—400 MKM OCYIIECTBIISUIOCH TOJIOCKOW M3ITy4YEHHS] UMITYJIbCHO-
ro azotHoro nasepa (A=337.1 um, 1,=10 Hc, v=1000 I'n), chokycupoBan-
HOT'O LMJIMHAPAYECKON JIMH30M B MHTEPBAJIE IJIOTHOCTEH MOIIHOCTH S5-—
500 kBt/cm’. CnekTpanbHO-yIJIOBOE PACHPENCICHUE U3TYUCHHS UCCIEN0-
BaJIOCh C TMOMOUIBID BOJIOKOHHO-ONTHUYECKONH CUCTEMBI. OTpULIATEIBHBIC
VIJIBI COOTBETCTBOBAIN HAIIPABIICHUIO B CTOPOHY O JIOKKH.

3. OCHOBHBIE Pe3yJbTATHI U BIBOABI

['eHepanust B Jla3epax HA OCHOBE BBICOKOKAYECTBEHHBIX KBAHTOBO-
pa3MEepHBIX TeTePOCTPYKTYp ZnMgSSe/ZnSe ¢ pa3AeibHbIM 3JIEKTPOHHBIM
Y ONTUYECKUM OTPaHMYECHUEM HaOMoaanack BIoTh 10 612 K, uto BbIlIe
TEMIEPATYPBI POCTA JAHHBIX TeTEPOCTPYKTYp. [Ipn KkOMHATHOH Temnepa-
Type s JUIMH pe30HaTopoB 300 MKM M MEHEE BO3HMKANIA YETKAs MOAOBAs
CTPYKTypa renepanuu (puc. 1), kotopas pa3BuBaiach Ha (OHE JIFOMHUHEC-
LHEHIMU, YTO JIETKO BHAETH B JIOTAPU(PMUYECKOM  Macmrade
(puc. 1, BcTaBka a). J1ns BCeX AJIMH PE30HATOPOB HAOIKOANIACh SIBHAS MO-
poroBasi 3aBUCHMMOCTb MHTEHCHMBHOCTM M3JIYYEHUS M3 TOpLA Jlazepa OT
ypOBHsl Hakauku (puc. 1, BcraBka ). BennumHa mopora reHepanuu npu
KOMHATHOM TeMIeparype HoHmkanack ot 30 kBr/em® no 10 kBr/em® npu
yBenu4YeHun AMHbl pe3oHaropa ot 100 mo 400 mxwm. IlonymwmpuHa oT-
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Puc 1 CnekTpbl U MHTEHCUMBHOCTb M3- P unc. 2. CnekTpanbHO-yrnoBoe pacnpege-
NIY4eHUs nasepa B 3aBUCMMOCTU OT YPOBHA  NleHNe wu3nydveHus nasepa(b = 228 MKmMm,

BO30OYX/eHNS o B nHTepBane 1B 18=70 kBT1/cm )
14 - 45 kBTt/cm ana  pesoHatopa C
b = 247 MKM

[eNbHbIX CNEKTPa/IbHbIX MOJ, NasepHOro 13nyyeHUsa Haxoamnacb B npepe-
nax 0.12-0.08 Hm.

Ha puc. 2 npefcTaBfieHO CMEKTpasibHO-Yr/10Boe pacnpegeneHune ms-
Ny4eHust niasepa B fasibHEM Mo/1e ANd ANNMHBI Pe30HATopa b = 228 MKM 1©
MHTEHCUBHOCTU BO36YXeHna 18 = 70 kKBT/cM . Kak BUAHO U3 PUCYHKA,
pPacxoguMOCTb W3NYy4YeHUA Ha [MOoJlyBbICOTE COCTaBNAET BeNUYUUHY 27°.
CnekTpasibHO-YI/10BOE  pacnpefesieHne MoKasbIiBaeT SABHYHO MOJOBYIO
CTPYKTYPY U3NyYeHUs nasepa, NpUYeM NONOXKEHWE CNEKTPa/IbHLIX MOJ, He
3aBUCUT OT yrna peruncrpaunmn msnydyeHus. Habnawgaetca He3HauMTelbHOE
YrnoBoe CTPYKTYpUpOBaHWe U3NYYEHUA B KapTUHE Ja/IbHEro Mnons - ABa
MakcMMymMma npu yrnax +3°. lpuyemM OTHOCUTENIbHbIE WHTEHCUBHOCTU
MaKCMMYMOB 3aBUCAT OT MHTEHCUBHOCTU BO30YXXAeHWUA. pn NoBbILEHUN
WHTEHCUBHOCTU MaKCUMYM, COOTBETCTBYIOLUUIA OTpuUaTe/IbHbIM Yyriam,
CTaHOBUTCA AOMUHMpPYHOLWMM. Hebonbluad acMMMETpPUS [JajibHero nons
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U3My4YeHus: 0OYCIIOBIIEHA BKJIAJOM B I€HEPALMIO JIFOMHUHECIICHIIMU C T10-
BEPXHOCTH F€TEPOCTPYKTYPHI.

AHanu3 MOJOBOW CTPYKTYPbl '€HEpPALMU JIa3epa, UMEIOLIETO PE30-
HaTop 133 MkMm (puc. 3, BCTABKA) C UCMOJIB30BAHUEM BBIPAKECHHS I MOJT

pesonaropa ®abpu-Tlepo: A= 4%/(2Ln,), Tie n, - TPyNNOBOH TIOKA3aTEb

npenomuerus, n, =n— Aldn/dA), L - nmana pesonaropa, 7 - dbdeKTHBHbI

g
I0KA3aTeNb MPEIIOMIICHHUS BOJIHOBO/A;, MO3BOJIMI ONMPEACINTh 3HAYCHHE U
JHCIIEPCHIO TPYIIIOBOTO MOKA3aTE IS PEITOMIICHHS.
Kak BumHO W3 puc. 3, rpynno-
BOM IOKA3arellb IPEIIOMJICHHUS Jia-
3€PHOTO BOJIHOBOJA 3aBUCHT OT UTH-
1, t3 \ HBl BOJIHBI U TNPHHHMACT 3HAYCHHS
41 * » ]  Ha rpaHuIAxX CIEKTPAILHOTO auara-
30Ha  renHepauuum  4.213  npm
A=45842um w4143  npm
kwind] | A=460.70 am. Ero 3HaucHme Ha
143 JUIMHE BOJHBI 459.25 HM MMeEET Be-
| 1 1 nuumny nopsaka 4.186 u cmabo 3a-
6 | BUCHT OT YPOBHS Hakaukw. Jlmcrep-
' CHSl My TIPU MAJTBIX YPOBHSIX BO30YIK-
1 el OV Gee | leHMsl MMeeT BeJMuMHY TOpsijKa
4060 458\';/;55;;;9;;6?;:30'5 “©10|  _0.03HM' ¥ YMEHbIIACTCS C YBEIH-
JYeHHEM YPOBHS Hakadkw. JIuHa pe-
4585 459.0 4595 460.0 4605 30HATOpPA C/1a00 BIHMSICT HA BETHUHHY

5 458.5 450.0 450.5 460.0 460.5

w
T

N
Intensity [a.u.]

Group refractive index

Wavelength [nm] Hg.
Takoe nmoBeneHUE rPyImnoBoro

MOKAa3aTesisi MPEIOMIICHUST W €ro
JUCIIEPCUU C TTOBBILICHUEM KOHLICH-
TpauMu HEPABHOBECHBIX HOCUTENECH
3apsiaa 0OyCIIOBJICHO JAEHCTBHEM HECKOJIBKMX MPUYMH: 3aNOJTHEHUEM 30H,
U3MEHEHUEM [7, M3-32 MHOTOYaCTHYHBIX B3aUMOICHCTBUH U YBETHUCHUEM
YACTOTHI MTA3MEHHBIX KOJICOAHUH.

Takum 00pa3oM, CIEKTPaIbHO-YIIIOBOE PACHpPEACTICHUE MO U3NY-
YCHUSl JIA3€POB Ha TETEPOCTPyKTypax ZnMgSSe/ZnSe ¢ pasneiabHbIM
OTPAaHMYEHUEM TMOKA3AJI0 HAJTMYME JBYX CIAOOBBIPAKEHHBIX MAKCUMYMOB
npH yriiax +3° B JajbHEM TOJIE TEHEpay Npy o0uIei pacxoaumoctu 25°
Y HE3aBUCHUMOCTb CIIEKTPAIIBHOTO MOJIOKEHUS MO OT YIJIa PErUCTPALMH.
[TokazaHo, 4TO 3HAYEHUE TPYIIIOBOrO MOKA3ATENS MPETOMIICHHS JIA3EPHO-

Puc.3. CnekrpanbHas 3aBHCHUMOCTD
IPYNIOBOTO MOKA3aTeNsl MPEJIOMIICHUS U
CIIEKTPBI T€HEPALuH NP PA3THUIHBIX Iy
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ro BOJHOBOJA COCTABJISET BENUMYMHY NOpsiaka 4.186 Ha IMHE BOJIHBI
459.25 HM ¢ aucnepeneii mopsika - 0.03 HM™', yMeHBIIAOIMIEHCS ¢ YBeTH-
YEHHEM YPOBHS BO30YKICHUSI.

PaGora BemonHeHa B pamkax npoekra MHTL] B-176.
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INFLUENCE OF CARRIER DIFFUSION ON COMPETITIVE
MODE DYNAMICS IN VCSEL UNDER PSEUDORANDOM
PULSED MODULATION

Yu. Morozovl, 1. Nefedovl, V. Gusyatnikov2
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? Saratov State University, Saratov

1. Introduction

Vertical-cavity surface-emitting semiconductor lasers (VCSELSs) are
presently the subject of intense research due to their potential use as a
compact, efficient laser sources for the fiber communication systems as
well as for the optical signal processing. Despite a remarkable progress
both in numerical simulations and in experimental investigations of
VCSEL’s dynamics [1-3], there are many subjects of great importance
which have not been studied till now. For example, it has been shown that
VCSELs emit few transverse modes simultaneously for high level of
pumping current [1, 2]. However, in available papers the competition dy-
namics of these modes has not been adequately explored, in particular, for
current modulated by a pseudorandom sequence of pulses at high frequen-
cies.
2. Model and equations

We used for calculation the model of index-guided VCSEL’s struc-
ture with a cylindrical geometry. It was also assumed in our model that a
ring contact supplies current to an active region whose radius corresponds
to the radius of index-guided region for laser.
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