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Abgract - The effect of postgrowth thermal treatment of the InAs/GaAs
guantum dots is investigated in this work. The photoluminescence (PL) and
transmisson €eectron microscopy (TEM) sudies of samples annealed at
temperatures up to 950° C are presented. A complete dissolution of QDs and
substantial broadening of the wetting layer (WL) can be seen from TEM. We
propose that the thermally induced modification of the WL rather than QDs can be
responsible for a blue-shift and narrowing of PL peaks in gructures containing
INAYGaAsQDs.

A. Introduction

Themdly induced intermixing of semiconductor low-dimensond dructures  attracts
an dtention as a way of tuning ther properties (for a review on quatum wel intermixing see
[1]. In recent years this technique has been gpplied to semiconductor quantum dots (QDs),
which gppear to be veay promisng in many optodectronic gpplicaions [2]. Although there
ae many reports deding with this problem, gill some questions remain. In particular there is
a debate over the character of carrier confinement in the intermixed QDs. In this study we will
show that the therma anneding of QDs a rdaively high temperatures can lead to ther
decomposition and that photoluminescence (PL) blue-shift and narrowing in such  gructures
can be due to the wetting layer (WL) modification.

B. Experimental procedure

Investigated sructures were grown by meta organic vapour phase epitaxy (MOVPE)
on GaAs (001) subdrate. The InAs sdf-assembled QDs were grown in a Stranski-Krastanow
growth mode a 470°C and they were overgrown by 100nm thick GaAs layer. Four samples of
this gtructure were anneded in rgpid thermd anneding (RTA) system under nitrogen ambient
for 30 seconds & 800°C, 850°C, 90’C ad 9B5(°C. PL spectra of asgrown and anneded
sanples were measured a liquid hdium temperature. Messurements were performed in a
continuos flov CF1204 Oxford oyodat with exctaion with a semiconductor laser
(I =780nm). The sgnd was dispersed by a 0.5m monochromator and collected usng a LN,
cooled germanium detector.

Trangmisson eectron microscopy (TEM) was goplied to study changes of sample
microgructure. Crosssectiond TEM specimens were prepared from dl investigated samples
wing dandad mechanicd thinning followed by ion milling. In addition, platview TEM
specimen was prepared from as-grown sample by wet etching in 5% methanal solution of Br.
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C. Photoluminescence

PL spectrum of as grown sample condsts of two distinct pesks (see Fig.1). A broad PL
pesk seen a@ 1.155 eV is due to the optica recombination within the InAs QDs. Its broadening

reflects an inhomogeneous broadening of QDs sSzes Other diginct PL festure can be
observed a 1.42 eV, which is due to a thin InAs WL. It is known that both the QDs and WL
PL pesks can be smultaneoudy observed a low QDs dendty [3]. Third broad PL festure
observed in as grown dgructure is presumably due to WL regions of larger thickness. On the
contrary to as-grown sample, only one PL pesk can be observed in any of the anneded
sanples. The PL pesks in those samples are located a energies from 1.388 eV (800°C) to
1427 eV (950°C). It can be seen in Fgl that higher anneding temperature the higher PL
pesk energy. The PL pek in anneded samples narows with increesng anneding
temperature. The PL intensity also increases with increesing RTA temperature.
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Fig.1. Low temperature photol uminescence from as grown and annealed samples. Photoluminescence
from wetting layer is denoted with arrows.

The PL blueshift and narrowing was previoudy reported for Smilar InAs QDs grown by
molecular beam epitaxy [4]. However energy position of PL pesks in our anneded samples are
significantly larger than reported previoudy. In tha report, be PL from sample anneded & 800°C
for 30 sec pesks @ 1.28 eV, the PL from sample anneded at 950°C for 30 sec quenches and its
excitaion dendty behavior suggests the QDs —like attribution. This suggests that processes
obsarved in our expaiment are of different origin, which is probably due to differences
between MOVPE and MBE growth conditions. We propose that two WL pegks in as grown
sample are due to a thinner WL (presumably surrounding the QDs) and a thicker WL (in other
regions). RTA treatment of our sample results in quenching of the PL from the thinner WL
and from the QDs This may be due to interdiffuson of In out of the QDs which enriches
surrounding WL regions. Simultaneoudy the thicker WL undergoes an intermixing, which
results in a blue-shift and narrowing of its PL pesk. Therefore in our experiment the PL seen
from annedled Structures is atributed to the WL and not to the QDs.

D. Transmission Electron Microscopy

TEM dudies of asgrown sample confirmed the presence of sdf-assembled QDs in as-
gown sample Bright fidd TEM image of this sample taken under a twobeam (0,9)
condition, where g was of the (220)-type reflection is shown on Fg.2. One can natice a high
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dengty of rdativey smdl (with Szes in the range of 7,10nm) QDs. They densty estimated
from planview images was 2° 10"'cmi? We did not observed any big, didocated idands or
didocations threading across GaAs cgpping layer in thissample.

-

Fig.2. Bright fidd TEM image of the plan-view as-grown sample.

TEM results obtained for the plan-view of the as-grown sample are in agreement with
the results of our highresolution dectron microscopy (HREM) dudies of as-grown cross-
sectiond  gpecimen. Well-defined InAs QDs embedded between GaAs subdrate and capping
layer were vishle on HREM images of this specimen (see Fig.39).

Fig.3. High resolution eectron microscopy images of: as-grown (a), annedled at 800°C (b) and
annedled a 950°C (c) samples.
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HREM images of as-grown sample in addition to InAs QDs provided dso evidence of
InNAs wetting layer. This rdaively thin layer with a thickness of gpproximatdy 2 monolayers
wdl visble in Fg3a oconnects adiacent QDs. In anneded samples this layer can be dill
vishle however its thickness increeses with the anneding temperaure (see Fg.3b and
Fg.3c). The layer thickness was found to increase up to goproximatey 3nm after anneding a
800°C (Fig3p) and up to about 10nm after anneding a 950°C (Fig.3c). In addition to
ggnificant WL broadening and its interdiffuson RTA leads dso to the dresic change of the
layer morphology. No QDs can be seen in InAs layer after such therma trestment. There are
dill some indium fluctuations visble in the HREM image of sample aneded a 800°C
(Fig.3c), however these are not well defined QDs as in as-grown sample (Fig.3a).

E. Conclusons

In conduson we dudied an effect of themd trestment on the dructures with
INASGaAs QDs grown by MOVPE. The reaults of PL and TEM sudies of samples anneded
a temperatures up to 950° C drongly suggest a complete dissolution of QDs and subdantid

broadening of the WL. It has been proposed that a least for high anneding temperatures
thermaly induced modification of the WL rather than QDs can be dso responsble for a blue-
shift and narrowing of PL pesks in structures containing INASGaAs QDs.
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