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Self-assembled Galn (N)As quantum dots: Enhanced luminescence
at 1.3 pum

T. Hakkarainen,® J. Toivonen, M. Sopanen, and H. Lipsanen
Optoelectronics Laboratory, Helsinki University of Technology, P.O. Box 3000, FIN-02015 HUT, Finland

(Received 31 July 2001; accepted for publication 1 October 2001

Self-assembled GalN)As quantum dots are fabricated on GaAs by atmospheric pressure
metalorganic vapor-phase epitaxy using dimethylhydra@¥Hy) precursor as a nitrogen source.

The incorporation of nitrogen into the islands is observed to be negligible. However, the areal
density of the islands is increased by up to one order of magnitude compared to that of the respective
GalnAs islands. The Ga(N)As island size can also be controlled by varying the DMHy flow. An
enhancement of the room-temperature luminescence auth3s observed in the GalN)As
samples grown with DMHy. ©2001 American Institute of Physic§DOI: 10.1063/1.1425082

In the last few years there has been considerable atteproperties of the covered islands were investigated by low
tion to material and device research for 1.3 and 1:66  temperature(LT), i.e., 10 K, and room-temperatur@RT)
laser structures grown on GaAs substrates. One method fghotoluminescencéPL) measurements. An argon ion laser
achieve 1.3um laser emission on GaAs is to use self-was used for excitation and the luminescence was detected
assembled GalnAs quantum dot®Ds in the active by a liquid-nitrogen-cooled Ge detector.
region*? The same emission wavelength can also be To investigate how the nominal coverage affects the is-
achieved with InAs QDs embedded in G&A®r in  |and formation, uncovered islands with the In composition of
GalnAs*® The GalnNAs alloy has recently been proposed as= 0.6 were grown at 530 °C with the DMHy/TBASs ratio of
a possible material for long wavelength lastrand 16 and the nominal growth rate of 1.3 ML/s. This growth
GalnNAs/GaAs quantum wellQW) lasers with emission rate was chosen because the island density was observed to
wavelengths around 18m have been fabricated by molecu- pe highest within a growth rate range of 1.3—2 ML/s. Figure
lar beam epitaxyMBE)’~°and by metalorganic vapor-phase 1(a) shows an AFM image frm a 3 ML Gg 4nogN)As
epitaxy (MOVPE).**** Solid-source MBE has been used to sample with an island density 0b3L0F cm™2 and an aver-
fabricate GalnNAs/GaAs QW laser diodes operating at 1.53ge island height of 8 nm. The coverage of 3 ML is close to
um.*? Room-temperature photoluminescence at B2has  the threshold thickness for island formation since no islands
recently been reported from GalnNAs QDs grown by gaswyere observed when the coverage was decreased to 2.5 ML.
source MBE:® GalnNAs QDs have also been grown by Figures 1b) and Xc) show AFM images from 3.5 and 4.5
chemical beam epitax{CBE), ' but until now there has been ML Ga, in, {(N)As samples, respectively. The areal density
no reports of MOVPE-grown GalnNAs QDs. In this work ang the average height of the islands in the 4.5 ML sample

we have grown self-assembled G@lpAs QDs by atmo-  gre 5x10°cm 2 and 5 nm, respectively. An AFM image
spheric pressure MOVPE and investigated the effect of ni-

trogen on formation and optical properties of the Ghli\s
islands.

The samples were grown on semi-insulating G230
substrates in a horizontal MOVPE reactor at atmospheric
pressure. Trimethylgallium (TMGa), trimethylindium
(TMIn), tertiarybutylarsing(TBAs), and dimethylhydrazine
(DMHy) were used as sources for gallium, indium, arsenic,
and nitrogen, respectively. The sample structure consists of a
100-nm-thick GaAs buffer layer grown at 650 °C, a layer of
Ga _,In,(N)As islands with the In composition of=0.45
or x=0.6 and a GaAs cap layer in some of the samples. The
Galn(N)As layer and the cap layer were grown at the same
temperature, varied in the range of 450-570 °C. All the tem-
peratures mentioned here are thermocouple readings. The
nominal growth rate and the nominal thickness were varied
in the range of 0.2—4 ML/s and 2.5—8 ML, respectively. The
uncovered islands on the sample surface were imaged by

atomic force microscopyAFM) using SiN tips. The optical

FIG. 1. AFM images taken from QD samples grown at 530 °C J@h3
ML GapdnggN)As, (b) 3.5 ML GanodN)As, () 45 ML
dauthor to whom correspondence should be addressed; electronic maiSa 4nogN)As, and (d) 45 ML Ga4noeAs. The scan size is 0.5
thakkara@cc.hut.fi X 0.5 um?.
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Coverage (ML) TBAs ratio for 8 ML Gg sdng.44N)As QD samples grown at 520 °C. The

) ) ) triangles show the respective data for the referencgs$Bwg ,sAs QD
FIG. 2. (a) Island density andb) average island height measured by AFM sample.

as a function of coverage for Gang ¢(N)As QD samples grown at 530 °C.
The triangles show the respective data for the referencgl@GaAs QD

sample. gen is incorporated into the islands. The energy difference is

explained by the fact that the average height of the
from a 4.5 ML Gg4no¢As sample grown without DMHY  Gg, in, 4As islands is larger than that of the G#n, o(N)As
flow is shown in Fig. 1d). The island density in this N-free jgjands. The full width at half maximum of the PL peak is
sample is smaller and the islands are higher on average Corgpout the same for samplés) and (c). The reason for the
pared to the sample grown with DMHy flow. This is in con- negligible incorporation of nitrogen lies behind the large In
trast to the results that were observed for MBE grofiith. composition of the islands. It has been observed that the
Figures 2a) and 2b) show the island density and the aver- jncorporation of nitrogen is seriously hindered by the pres-
age island height, respectively, as a function of coveragéance of In during MOVPE growth of GalnNAS. The
The maximum island density and the minimum island heighinechanism behind this behavior is not completely under-
are achieved with the coverage of 4 ML. When the coveraggiood yet, although it has been speculated that it could be
is increased, the island density remains fairly constant in the,sed by surface segregation of-rn attempt was made
range of 3—410'%cm 2 and the average height of the is- 1 increase the incorporation of nitrogen by decreasing the

lands increases to 9 nm. AI§° larger, relaxed islands with agrowth temperature but this only resulted in degradation of
areal density of 10-10° cm 2 are observed in the samples. the optical quality.

The areal density of these relaxed islands increases with in- 14 study whether more nitrogen could be incorporated

creasing coverage. into GalnNAs with lower In composition, samples with an In

To investigate the optical properties of the islands, the,mposition ofx=0.45 were grown. Since the wetting layer

islands were covered with a 50-nm-thick layer of Ga,'As. Fi9-may become thicker due to the decreasing lattice mismatch
ure 3 shows LT-PL spectra from three QD sampl@$:3.5 i gecreasing In composition, the nominal coverage was

ML Gag 4ng (N)As, (b) 4.5 ML Gay Jng ¢(N)As, and(c) 4.5  ocen to be 8 ML to make sure that islands are formed.

ML Gay dnoeAs. The major peak in each spectrum origi- gjg e 4 shows the dependence of the island density and the
nates_ frpm the covered islands acting as QDS'_AS th? COVeE{verage island height on the DMHy/TBAs ratio. Also shown
age is increased from 3.5 to 4.5 ML the PL intensity de-are the data for a Gadn, 4sAs reference sample. The island

creases since the density of large, incoherent islanda e C e
. ’ ensities in the GgdngaN)As QD samples are signifi-
increases. The PL peak of the {3 ¢As reference sample antly larger compared to the reference sample for all the

is at smaller energy compared to th? sample grown Wmﬁsed DMHy/TBAs ratios. When the DMHy/TBAs ratio is
DMHy flow. This indicates that a negligible amount of nitro- increased from 24 to 49 the average island height increases
from 7 to 13 nm. The height of the Galng 45As islands is
10 nm on average. Thus, by using DMHy during the island
T, =10k @ growth the island density can be increased by one order of
magnitude. On the other hand, the size of the islands can be
1.16um1'1\}:;:1) determined by choosing the appropriate DMHY/TBAS ratio.
Figures %a) and 3b) show the RT-PL spectra from
Ga 59np4gN)As and GagsdngssAs QD samples, respec-
tively. The G@sdngsgN)As sample was grown with a
DMHy/TBAs ratio of 24 and it has about one order of mag-
nitude larger island density than the §3dng 45As reference
sample. The spectrum of the reference sample exhibits a QD
ground state transition at 0.93 €¥.33 um) and a dominat-
Photon energy (eV) ing wetting layer transition at 1.18 e{1.05 um). One can
FIG. 3. LT-PL. spectra from(@ 3.5 ML Gan,dN)As, (b 45 ML  also see an excited state transition 76 meV higher in energy
Gay Any ¢(N)As, and(c) 4.5 ML Ga, 4y As QD samples grown at 530 °C. compared to the ground state transition. On the contrary, the

PL Intensity (arb. units)

0.8 1.0 1.2 1.4 1.6
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of the GalriN)As islands is higher than that of the GalnAs
islands grown with similar parameters. The island height of
the GalfN)As islands can be varied to some extent by
changing the DMHy/TBAs ratio. PL studies of overgrown
islands indicate that the incorporation of nitrogen is negli-
gible. However, an enhancement of the w® RT lumines-
cence is observed. Thus, by introducing DMHy during the
island growth the optical properties of the GAmAs islands
can be improved.
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