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WUccnepoBaHs cnekTpoB GpOTONKOMUHECLEHLUN
CBETOAMNOAHbBIX MONYNPOBOAHNKOBbIX FeTEPOCTPYKTYP
C MHOXX@CTBEHHbIMU KBaHTOBbIMU iMaMu GaN/InGaN
Ha "nnockux" HaHOTEMMIATHbIX C/1I0SIX HATPMAA
rajainsa n Ha HAHOCTEPXKHAX NOKa3aIN UHTEpPeCHbIe
pe3yabTaTtbl. OKasanocb, YTo 3pPEeKTUBHOCTb
nsny4yeHus GoToNOMUHUCLEHLNN MHOXECTBEHHbIX
KBAHTOBbIX SIM Ha "NJIOCKMX" HAHOTEMMIATHbIX C/105X
GaN Ha nopsAoK HMXEe UHTEHCUBHOCTU, MOJIyYeHHOM
Ha HAHOCTEepPXXHSAX. MpU 3TOM MaKCUMYM U3STyYEeHUS
OT MHOXE@CTBEHHbIX KBAHTOBbIX IM HA HAHOCTEPXXHSAX
6bl/1 CABUHYT Ha 67 HM B AJIMHHOBOJIHOBYIO 061aCTh
Mo CpaBHEHUIO C KOHTPOJIbHbIM "NAOCKNUM" 06pasLoM.

HOKeCTBeHHBle KBAaHTOBble SMBI (MKS)
InGaN/GaN 06bIYHO HCIIONB3YIOT B KadecTBe
AKTHUBHBIX 710eB GaN-CBeTOAHO/IOB U JIa3epoB
6raromapst ux 3pdeKTUBHON H3Ty4YaTebHOM PeKOM-
6MHALIMK U CIOCOOHOCTH H3/IydeHHs] B IIHPOKOM
CIIeKTPaJIbHOM JHala3oHe (BUAMMAs U yIbTpadro-
neroBasi obnmacTu cmekTpa). CHHHE CBETOAMOABI HA
ocHoBe InGaN yKe OOCTHIVIM BHeIIHeM KBaHTOBOM
sbdexkTuBHOCTU Gomee 70%, HO OHA 3HAUYMTEILHO
YMEHBIIIAeTCS B 3KeJITO-3e/IeHOM JHalla30He.
GaN/InGaN KBaHTOBbIe SIMBIL IO CHX II0P B OCHOBHOM
BBIPAIMBAIOTCS BIOJB IOAspHOH (0001) KpHCcTaLaorpa-
drueckor opHeHTAalMH, 00yC/IOBIMBAIOLIEN HaaHu4He
WHTEHCUBHOI'O I1be303/IeKTPHUYIecKoro ons (~0,3-1,5 MB/
cm). MHAUM CJIOSKHee BCTPAMBAEeTCs Ha IOISPHBIX ILIO-
CKOCTSIX, UeM Ha HeIlOJISIPHBIX U IIOYIIONSPHBIX [1, 2].
JocTu>KeHHe BBICOKOM 3$PeKTHBHOCTH OIITH-
KO37IeKTPOHHBIX IPHO0pPoB Ha ocHoBe GaN 3aBHCHUT
OT IIapaMeTpPOB BHYTPEHHEIO M BHEIIHEro KBaHTOBBIX
BBIXOZIOB. YBeIMYEHHS IIapaMeTpa BHYTPEHHEIro KBaH-
TOBOI'O BBIXOJIA JOCTHUTAETCSI YMEeHbIIeHHeM IIJIOTHOCTH
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Optical properties of GaN/InGaN MQWs

were investigated by PL spectrum. Emission
from the GaN/InGaN MQWs on “planar” GaN
nanotemplate was an order of magnitude lower
in intensity compared to the InGaN MQWs grown
on the GaN nanorods. Emission peak from the
MQWs grown on the nanorod GaN shifted by

67 nm (to the longer wave side) compared with
con-trol “plane” MQWs sample.

ultiple InGaN/GaN quantum wells
(MQWSs) are often used as the active
layers of GaN light-emitting diodes
(LEDs) and lasers due to their efficient radi-ative
recombination and radiating capacity within
the wide spectral range (visi-ble and ultraviolet
spectral regions). However, attainment of high
efficiency of optical-electronic devices on the
basis of GaN remains the critical task which
depends on the parameters of internal and
external quantum efficiencies. In-crease of the
parameter of internal quantum efficiency is
attained by decreasing the dislocations density
in GaN layers, at the same time in order to
increase the external quantum efficiency the
templates with certain pattern and surface
roughness as well as nanostructuring are used.
High level of disregistry of lattices and
thermal-expansion coefficients be-tween GaN
layer and template upon the epitaxial film
growth results in large amount of dislocations
(~10°-101® cm?) which are the centers of
nonradiative recombination and decrease the
internal quantum efficiency of LEDs. Besides,
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IUCIOKALIMH B c1osix GaN, B TO >Ke BpeMsl [I/Is yBeHue-
HHS BHeIIHero KBAaHTOBOIO BBIXOJQ HCIIOIB3YIOT IIOJ-
JIOKKH C OIIpe/ie/IeHHBIM PUCYHKOM U II€POXOBATOCTBIO
IIOBEPXHOCTH. BbICOKas CTeIleHb PACCOIIACOBAHHUS pellle-
TOK M KO3QPUIIMEHTOB TEIUIOBOIO PACIIHMPEHUS MEKIY
coeM GaN U TMOAJIOKKOM ITPU 3IHUTAKCHATIBHOM BBIpa-
IIMBAHUY IVIGHOK IIPHUBOAUT K OOIBIIOMY KOTHYECTBY
pucmokanyu (~10°-101° cMm?), KOTOpble SIB/ISIIOTCS LieH-
TpaMu 0e3bI3/1ydaTeNbHON PeKOMOMHALIMK M yMeHb
IIAI0T BHYTPEeHHHH KBAaHTOBBIM BBIXOJ, CBETOMHOJOB.
Kpome Toro, B M3aydaTensx CBeTa, pa60Tafom1/1x Ha
TOKaX BBICOKOM IIJIOTHOCTH, IpPOpacTalollye AHCIOKA-
LIMH [TPUBOJSIT K COKPAILIEHI 0 CPOKa CITY>KOBI ITIPHOOPOB.
TaxkuM o06pasom, 3ajada yCTpaHEHHs ITPOPACTAIOMIMX
JOUCIOKALIMK SIBJISIETCS. BaOKHBIM 3TAIloM Ha IIyTH yBe-
JTHYeHU s BHYTPeHHeH KBAHTOBOM 3G GeKTUBHOCTH.

OKCIIepUMEHTA/IbHbIe K TeOpeTHYeCKHhe HUCCIef0-
BaHMS IOKA3aJIM, YTO HCIIO/Ib30BaHHE HH3KOpa3Mep-
HBIX CTPYKTYP CIIOCOOCTBYET YMEHBIIEHUIO [NIOTHOCTH
IedeKToB, 6rmaromaps 4eMy COKPAIIAeTCsl KOJIHYeCcTBO
LIEHTPOB 6e3bI3/Ty4YaTe/IbHOM PeKOMOMHALIMK U yBEeIH-
YMBAETCS BHYTPEHHHUI KBAaHTOBBIM BBIXO, CBETOLHOI0B
GaN. Penakcaliydsi MexaHHYeCKHUX HaIPSsKeHHH IIpH
TPeXMepPHOM HaHOCTPYKTYPHUPOBAHHUHU TaK>Ke CHH KAeT
HaIIpsDKeHHsI, 00yC/IOB/IeHHBIE I1be3037IeKTPUYeCKHM
addexToM H, CemoBaTeNnbHO, 0becrieunBaeT IIOBBIIIE-
HHe BHYTpPeHHero KBaHTOBOIO Bbixoma. Kpome Toro,
IIOTeHLIMaJI HAaHOQOTOHUKHU IIPHBJIIEKaeT BHUMAaHHE
BO3MOSKHOCTBIO IIOBBIIIEHUS BHEIIHEro KBaHTOBOIO
BBIXOZIa IIOCPeACTBOM OTPa’KeHUS CBeTa OT IIepUoJuyYe-
CKUX HAaHOCTPYKTYP [3].

SKCMNMEPUMEHTAJIbHASA YACTb

3HAUMTe/IbHOe CHH’KeHHe IUJIOTHOCTH IIPOpacTalo-
IMUX OUCIOKAIUH (no ~107 cM?) Ha reTepo3IHTaKCH-
alBHBIX CTPYyKTypax GaN obecrieunBaeTcsi C IIOMOIIbIO
ELOG-texHonoruu [3]. IIpu 3TOoM [Jisl OOCTH>KEHHS
HU3KOH IIJIOTHOCTU JIePeKTOB M0 BCEM IUIOMIAMH IIIa-
CTUHBl HCIIONb3YeTCSl ABYXCTYIEeHYATBIM IIpoOLecc,
KOTOPBIN SIBJISIETCSI AOCTATOYHO CIOXKHBIM, JOPOTHM
U BpeMs3aTPaTHBIM.

Hamu npemyokeHa Majio3aTpaTHasi TeXHOJIO-
TUs SMHUTAKCUMM HUTPHUAA Ta/l/IMS Ha HaHOTeMIlIa-
Tax C IIpUMeHeHHeM He[OPOrMX MaTepHaJIoB Ha base
QHOIHOIO OKCHAa alroMUHUSA (AOA) mis IOy YeH U
OCTPOBKOBO-CETYATHIX U CTOTIOMKOBO-MATPUYHbBIX HAHO-
CTPYKTYp [4-6]. IIpu 3TOM IHONy4eHa IJIOTHOCTb JIMC-
JIOKALMK ~3x10° cm? | ompezeneHHass U3 JUGPY3HUOH-
HOM [JIMHBI 3MHUTaKCHAJIBHBIX CTPYKTYp GaN (Ld=3,2
MKM). Ha oCHOBe 3TOI TexHOJIOTHH ObUIH cHOpMHUPO-
BaHbl HAHOCTEPKHH HHUTPHIA Tal/IMS II0C/e IIperiu-
3MOHHOM Ilepefadd PHCyHKa IeKCaroHa/IbHBIX HaHO-
nop Temiulata AOA Ha SiO, (puc.l). Ilpu 3ToM cjoH
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the threading dislocations in the light emitters
operating with high-density cur-rents cause
the devices loss of life. Thus, the task to
remove the threading dislocations is important
stage on the way for increase of the internal
quantum efficiency. Considerable decrease of
the threading dislocations density (down to ~107
cm?) on GaN hetero-epitaxial structures grown
on SiO, can be provided using the processes of
lateral silting of epitaxial layers. Only regions
above the mask can be used as the materials
with low density of defects. In order to attain
the low density of defects along the whole area of
plate, two-stage process which is quite complex,
expensive and time-consuming is used.
Experimental and theoretical studies showed
that use of low-dimensional structures favors
the decrease of defects density and decreases the
number of nonradiative recombination centers
and increases the internal quantum efficien-cy of
GaN LEDs. Also stress relief upon 3-dimensional
nanostructuring de-creases the stress caused
by piezoelectric effect and thus provides the
increase of internal quantum efficiency. Besides,
the potential of nanophotonics draws attention
with the capability of increase of the external
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SiO2 (0,1 MKM) HAaHOCHJICA METIOM I1/Ia3MOXHMUYECKOrO
OCaKAeHMs, Ha HEéM QopmupoBacs TemIaT AOA
(prametp mop ~60HM), dyepe3 KOTOPBIK C/1ox SiO, Tpa-
BHUICS B I1a3Me CF, ¢ o6pa3oBaHKeM MacCHBa HAaHOIIOP
Y OTKHUrajcs B aTMocdepe azora. Ilocsie 3TOro TeMIiiart
AOA ce/lleKTHBHO CTPaBIMBAJICS B 5%-Hol docdopHOH
KkucoTe. Ilocneaymomee 3apaliyBaHyue HUTPHUIOM rajl-
nust 06pa3oBaHHOro TeMIuiaTa SiO, IPOBOAM/IOCh METO-
JOM OCKJEeHHS M3 Ia30BOM $asbl C MCIIOIb30BAHHEM
MeTa/UIOOPraHHUYeCKUX COeJUHEHHU IIPU HaBJIeHHUU
60 Topp u Temmeparype 1010°C, rasHocHUTesb — a3oT.
IIpyu HcClefOBaHUU CeYeHHH MacCHBOB IIONTy4eH-
HBIX HaHocTep>kHer GaN MeToooM IIpoCBeuHBaloller
37IeKTPOHHOM MHKpockonuu ([TEM) 6bLIO YCTAHOB-
JIEHO, YTO HAHOCTEP)KHH HMEIOT BepPTHKAJIbHBEIE H0KO-
BBIe CTEHKHU B IIOpPaX Macku SiO,, UX BBICOTA OIIpere-
JISIeTCSl TOMIMHOM MacKd. Ocak/ieHHe He ObUIO BbIIIe
Macku SiO, U3-3a HU3KOro KO3QUIIMeHTa IPUIHUIIaHU
GaN K SiO,. B kavyecTBe HCTOYHUKOB TaJUIHsI, UHIUS
M a30Ta MCIIONb30BAIKCh TPUMeTHI rawius (TMGa),
TPUMETHII UHIHA (TMIn) ¥ aMMHaK, COOTBETCTBEHHO.
[l yoaneHus: KaKUX-TUO0 ITOBEPXHOCTHBIX 1epeKTOB,
BBI3BAHHBIX I1IJIa3MEHHBIM TPaBjeHHEeM, HaHOCTPYKTY-
PYpOBaHHbIE SIIMTAKCHAJIBHBIE CTPYKTYPhI OTSKHUTa/IUCh
B peaKkTope B aTMocdepe a30Ta Ha IIPOTAKeHUH 3 MUH
npu 1020°C. IIpu TemmepaType 755°C BbIpaIlMBa/IMCh
4JeThlpexIepyuofHbele KBaHTOBble MBI INGaN/GaN Ha
BepIIMHAX HaHOCTep)KHeH GaN M Ha "TUIOCKUX' CTPyK-
Typax (puc.l). ToniurHa sMbl v 6apbepa cocTasisuia 254
u 404, cootBercTBeHHO. KoHTpacT [19M-H306paskeHUs
II0Ka3aja pe3Kyio IrpaHuily mesxay InGaN u GaN, 4uto
XapaKTepH3yeT OOCTAaTOYHO XOPOIIYI OJHOPOMLHOCTD
KBaHTOBBIX AM. Ilpu dpopmupoBanuu MKS InGaN/GaN
Ha aceTHPOBAHHBEIX IIOBEPXHOCTAX HAHOCTep>KHEH
GaN MOsKeT Tak>Ke ITPOXOAUTH 06pa3oBaHUE MACCHBOB
KBAHTOBBIX To4yeK UM HaHoKoell GaN u InGaN.

ITpu uccIeJOBAHUH MacCHBOB HaHOCTep>keHel GaN
MeTOJOM IIpOCBeYHBAIOIIeH 31eKTPOHHOM MHKPO-
ckoruu ([I9M) 6BIJIO TaKKe YCTAHOBJIEHO, YTO HAHO-
CTep’KHH MMeEIOT BepTHKAJIbHbIe OOKOBBIE CTEHKHU
B IIOpPax MackH SiO,. ITpy 9TOM KX BbICOTA OIlpeie/sieTCsl
TOJIIIMHON Macku. OcakAeHUSIHUTPHU/IA TA/UINS BbIIIe
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Puc.1. Cmpyxkmypoi c MKS1 GaN / InGaN Ha "naaHap-

HbIX" GaN HaHoOmMemMnAdmMHbIX cA0sIX (a) U Ha cucmente
HaHocmepxkHeli (6)

Fig. 1. Structures with GaN/InGaN Multiple Quantum Wells:
a) on the “planar” GaN nanotemplate layers; b) on the system
of nanorods

quantum efficiency via light reflection from
periodic nanostructures [1].

EXPERIMENTAL PART

Samples of the LED structure with active
layers based on 4-periodic InGCaN/GaN quantum
wells were grown by the method of gas-phase
deposition using the metal-organic compounds
upon the lateral silting of oriented mask of
nanoporous SiO,. Herewith, the arrays of GaN
and InGaN nanodots and na-norings on GaN
nanorods were formed. The growth conditions
were selected on the basis of study of anode
aluminum oxide nanotemplates including the
estimation of diffuse length of epitaxial GaN
structures (calculated effective dif-fuse length
was Ld~3.2 pm which corresponded to the
dislocations density of ~3-10° cm?) [2-5].

When studying the GaN nanorods arrays using
the method of transmission electron microscopy
(TEM) it was determined that nanorods have
vertical side walls in the pores of SiO, mask.
Herewith, their heightis determined by the mask
thickness. Deposition of gallium nitride above
the mask was not observed due to low coefficient

906 HM
0,5BT, 80 dc

Mirra 900-F

[eHepaTop rapMoHUK

302 e
<1 MBT, >500 dc

nK —— Action Spectra Pro

Puc.2. baok-cxema ycmaHosKU nNo UCCAed08aHUI0 AMUHECUEHUUU 2emepocmpykmyp
Fig. 2. Flow-Diagram of the Facility for Study of Hetero-Structures Lumines-cence
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MacKH{ He HabJII0a1oCch KM3-3a HU3KOr0 KO3QOUIIeHTa
ero mMprIdNaHus K SiO, (cm. puc.16).

Ha KOHTPOZMBHBIX "IUIOCKUX HaHoTeMILIaTax GaN
(cM. puc.la) B OMHOM IIMKJIEe OBITM TaKsKe BbIPALIEHBI
JeTplpexmepronHele InGaN/GaN-MK.

B maHHOM paboTe OBUIM HCCIeI0BAHBI CIIEKTPBI POTO-
JTIOMHUHECLEHIIMY 3IUTAKCHAIBHBIX CTPYKTYp ¢ MKS
GaN / InGaN Ha "naHapHbeIX GaN HaHOTeMILJIATHBIX
C7I0SIX U Ha CHCTeMe HaHOCTepkHeH (0), IIpefcTaBieH-
HBIX Ha pUC.1. 3MepeHHM s TIPOBOAMIHCE Ha 6a3e LleHTpa
KOJIJIEKTUBHOIO ~ IIOJIb30BaHUS PeMTOCEeKyHIHBII
JIa3epHBIN KOMIUIeKRC' mpu HHcTuTyTe dM3uku HAH
YKpauHbl. Ha puc.2 mnpuBesieHa 670K-cXeMa 3KCIIEpH-
MeHTa/IbHOHM YCTaHOBKH.

HccnemoBaHue  CIIeKTPOB  QOTONIOMHMHECLeH-
LMK SIMUTAKCHAJBHBIX CTPYKTYp C 4YeThlpexIie-
puogubeiMu  InGaN/GaN-MKS mpoBoguiock IIpH

Temieparype 20°C (puc.3). B KauecTBe UCTOYHHKA BO3-
Oy>kmeHHsT (CM. PHC.2) HCIIOAB30BATIOCh H3JlyuyeHHe
TpeTbelrl rapMoHHUKH (TT) $eMTOCeKyHIHOro Ja3epa
Mirra Optima 900-F, KoTopoe COOTBETCTBOBAJIO [JIKHE
BO/IHBI 302 HM. PeMTOCeKyHIHBIH s1a3ep Mirra Optima
900-F reHeprpoBaJI II0C/IeI0BATEIBHOCTh KMIITY/IECOB Ha
IJIHE BOJTHBI 906 HM IJIUTeTbHOCTHIO0 80 GC M YacTOTOU
IIoBTOpeHUsI 76 MI'LI IIPU cpefiHelN MOIIHOCTHU 500 MBT.
[1MKOBasi MHTEHCUBHOCTb BO3OY>XKAAIOMIUX KMIIY/Ib-
coB TT coctaBnsna 25 BT/cM? NpPH ITPOROISKUTETBHO-
CTH MMITY/IbCOB Ooipmie 0,5 IIC M CpeHEH MOIIHOCTH
MeHee 1 MBT, IIpH 3TOM YaCTOTa C/IeNOBAHUS MMITY/Ib-
COB COXPaHSIACh HeM3MeHHOM. Perucrpanus GpoTonro-
MMHeCLeHLIUH IPOBOAKJIACh CIIEKTpOoMeTpoM Action
Spectra Pro 2500 ¢ 9KCIIO3UMIIMEH 5 C C IIaroM 25 HM.

Kak BuaHO M3 puc.la, 3QPeKTUBHOCTh H3J/TyYeHUS
MK "mnockux" 06pasLioB Ha MOPSAOK HHKe WHTEH-
CUBHOCTH CTPYKTyp Ha HaHocTepkHsX GaN (pwuc.16),
YTO CBSI3aHO C COKpallleHHeM YHCJIa LIeHTPoB 6e3bI3-
JydaTesbHOM PeKOMOMHALIMM 3a CUeT YMeHBbIIeHHS
IIJIOTHOCTH JHC/IOKALIHH, CO CHUKeHHeM BHYTPeHHero
OTPa’keHHsI, a TaKKe, BEPOSITHO, C 06pa3oBaHHEM Mac-
cuBoB InCaN KBaHTOBBIX TOUEK M HaHOKoiell Ha GaN-
HAHOCTepPKHAX. KpoMe TOro, MakCHUMYM H3JIyUeHUS
0T MK, BeIpaIlleHHbIX HA HAaHOCTEPKHSIX, CABUHYT Ha
67 HM B JIJIMHHOBOJIHOBYIO 06/1acTh (CM. PHC.3) II0 CpaB-
HEHHIO C KOHTPOJABHBIM 'IIIOCKMM' 00pasnoM H3-3a
[IOBBIIIIEHHOM KOHLeHTpauuu In B MK4I. ITo-BUAHMMOMY,
3TO CBA3aHO C TeM, 4YTO paceTHpOBaHHAS IIOBEPXHOCTh
GaN-HaHOCTepsKHel MOXKET BK/II0YaTh KaK HeIlOs pHEIe,
TaK U IOJMYIONSPHBIE IVIOCKOCTH. AKTHBHBIE 00JIacTH
InGaN, chopMHpPOBaHHbIE HA TAKKUX IIJIOCKOCTSX, MOTYT
HMeTb MOHM’KeHHOe IIbe303/IeKTprYecKoe mone [1, 2]
H, C/Ie[IoBaTe/IbHO, BK/IIOYATh OOMBIIe MHAUS, TaK KaK
JebopMallMK CKATHS ABJISIIOTCS IIPEIISTCTBHEM MHKOP-
IIOpHpOBaHM aTOMOB In B perreTky InGaN.
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553 HMm

WNHTEHCUBHOCTD, OTH. e,
T

Puc.3. Cnexmpbl pomontomuHecueHuuu MKS

GaN/InGaN Ha "naanapHbix" GaN HGHOMeMNAAMHbIX CAOSIX
(a) u Ha cucmeme HaHocmepxkHeli (6), noAy4eHHbie Npu 803-
by>KOeHUU u3AyyeHuem mpembell 2apMOHUKU pemmoceKyHOo-
Ho20 Aa3zepd (A=302 Hm)

Fig. 3. Photoluminescence Spectrums of GaN/InGaN MQWs
on the “Planar” GaN Nanotemplate Layers (a) and Nanorods
System (b) Obtained upon the Ex-citation by the Third
Harmonic Radiation from Femtosecond Laser (A=302 nm)

of its attachment to SiO,. 4-periodic InCaN/GaN-
MQW on "two-dimensional” samples and on GaN
nanorods were grown on GaN nanotemplates
(Fig. 1). In this research the photoluminescent
characteristics of obtained epitaxial structures
were studied. Measurements were performed at
the site of Femtosecond Laser Complex Common
Use Center under the Institute of Physics of the
National Academy of Sciences of Ukraine. Flow-
diagram of the experimental facility is given in
Fig. 2.

The photoluminescence spectrums of
epitaxial structures with 4-periodic InGaN/GaN-
MQW were obtained at the temperature 20°C (Fig.
3). Radiation of the third harmonic (TH) of Mira
Optima 900-F femtosecond laser was used as
the source of excitation which corresponded to
the wavelength of 302 nm. Mira Optima 900-F
femtosecond laser generated the pulses on the
wavelength A=906 nm with duration of 80 fs and
recurrence rate of 76 MHz, mean power of 500
mW. Peak intensity of TH excitation pulses was
25 kW/cm? upon the duration of pulses of more
than 0.5 ps and mean power of less than 1 mW
and the pulse recurrence rate remained constant.
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BbIBObl

IIpogeMOHCTpUpOBaHA BO3MOMKHOCTBH 3QPEeKTHBHOIO
pocta GaN/InGaN MK Ha HaHOCTepKHAX GaN MeTomoM
ras’opasHoro OCa>kIeHHs C MCIIONIb30BaHHEeM MeTal-
JIOOPraHHUYecKUX COeJUHEeHHH C BO3MOXKHOCTBIO (Op-
MHPOBAHUSI MAaCCHBOB KBAaHTOBBIX TodeK GaN u InGaN
Y HAHOKOJIeL] Ha HAaHOCTePsKHSIX.

HccmemoBaHue CIIEKTPOB (POTONMIOMHHECLICHIINHU
[0Ka3a/o, YTO MaCCHBBl HaHOCTEP)KHEM HMEIOT DAL
IIPEHIMYINECTB I1epef; OOBIYHBIMHU 'TUIOCKMMHU  IIJIeH-
KaMH, a UMEHHO:

* BO3MOKHOCTb OoJbIIeit

B TBEPIOM PacTBOpe;

* yBeJIMYeHHe S5KCTPaKIIMHU CBeTa.

CimemyeT OTMeTHTh, UYTO HCIIONIb30BAHME H3JIY-
YeHUsS (PeMTOCeKYHJHOTO Jja3epa B KOMOMHALIMH
C reHepaTOpoM TapMOHHK OTKPHIBA€T BO3MOKHOCTH
Hab/ofleHUsl CIIeKTPoB GOTONIOMUHECLIEHIIUN IOy~
[IPOBOAHUKOBBIX TeTePOCTPYKTYpP B IIHMPOKOM CIIeK-
TPaJIbHOM JHalla3oHe.

PaboTa BBIIIOTHEHA IIPU IOAAEPKKe LleneBor KoM-
IJIEKCHOM ITPOrpaMMBl HcciefoBaHUN HAH YKpauHEI
"OyHaMeHTabHble IPO67eMBl HAaHOCTPYKTYPHBIX
CUCTeM, HAaHOMAaTepHaJoB, HAHOTeXHOJIOrHH Ha 2010-
2014 rT.
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Luminescence registration was carried out by
Acton Spectra Pro 2500 spectrometer with the
exposition of 5s on 25 nm.

As is seen from Fig. 1a the radiation efficiency
of the MQWs of "two-dimensional" samples is one
order lower than the intensity of structures on
GaN nanorods (Fig. 1b); it is connected with the
reduction of number of nonradiative recombination
centers at the expense of dislocations density
decrease and de-crease of the internal reflection of
light and reduction of piezoelectric field. Be-sides,
maximum of radiation from MQWs grown on
nanorods is shifted by 67 nm (Fig. 3) in comparison
with the check "two-dimensional” sample due to
larger concentration of In in MQW. Apparently,
it is connected with the fact that less strained
structures can contain more indium during the
process of InGaN growth because the compressive
deformations prevent from the incorporation of In
atoms into InGaN lattice.

CONCLUSION
The capability of effective growth of high-quality
GaN layers is demon-strated through the method
of gas-phase deposition using the metal-organic
compounds upon the lateral silting of oriented
mask of nanoporous SiO, as well as formation
of dense arrays of GaN and InGaN nanodots and
nanorings on GaN using the nanoporous SiO,
masks.

The study of photoluminescence spectrums
showed that the nanorod ar-rays have a number
of benefits in comparison with the common
"two-dimensional” films:

« Low dislocations density (which causes the
increase of internal quan-tum efficiency);

« Capability of larger concentration of indium
in solid solution;

« Extension of the visible range of
photoluminescence radiation spectrum into
the long-wavelength region; and

» Light extraction increase.

It should be noted that use of femtosecond laser
in combination with the harmonics generator
gives the opportunity to observe the spectrums of
photolu-minescence of semiconductor structures
within the wide spectral range.
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