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Abstract

In this paper, InAs self-organized quantum dots (QDs) were deposited on (00 1) InP substrate with and without a
GaAs interlayer by low pressure metalorganic chemical vapor deposition (LP-MOCVD). An atomic force microscope
(AFM) image showed that InAs QDs arranged regularly on the GaAs interlayer. Comparison between
photoluminescence (PL) spectra of InAs QDs with and without GaAs interlayer indicated that larger area density
and much narrower size distribution of InAs QDs were obtained by inserting the GaAs interlayer. The area density of
InAs QDs increased while the size distribution hardly changed when the thickness of InAs increased from 2.5
monolayer (ML) to 4 ML. However, when the thickness of InAs increased to 6 ML, the mean size of InAs QDs
increased while the area density of InAs QDs decreased because of the coalescence of QDs. PL spectra with different
thickness of GaAs interlayer indicated that the largest density of InAs QDs could be obtained when the thickness of
GaAs interlayer was 3nm. © 2002 Elsevier Science B.V. All rights reserved.
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1. Introduction

Recently, there is extensive research on the
fabrication of materials and devices of self-
organized quantum dots (QDs) via Stranski-
Krastanow (SK) growth mode [1-4], which is
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induced by relatively large mismatch between the
epitaxial layer and substrate. Due to the small size
of these QDs, they provide the ultimate quantum
system with three-dimensional (3D) carrier con-
finement resulting in zero-dimensional (0D) den-
sity of states. It is predicted that drastic
improvement in laser characteristics such as the
increase of quantum efficiency and thermal stabi-
lity and the reduction of the threshold current will
be realized with this unique feature of quantum
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dots. In the experiments, it has been shown that
lasers based on QDs had lower threshold current
density and higher characteristic temperature in
comparison to quantum well lasers. Injection
lasers containing InAs and InGaAs QDs em-
bedded in a GaAs and AlGaAs matrix have been
successfully fabricated as predicted [5,6]. However,
the emitting wavelength for GaAs based QDs can
scarcely exceed 1.3um [7], which restricts the
applications in optical fiber communication sys-
tems. It is desirable to fabricate QDs lasers with
the wavelength of 1.3—1.55 um, which can be used
in practice. It has been reported that InAs QDs
grown on an InP substrate emitted at around
1.55um [8-11]. Furthermore, the effective masses
of the carriers in the strained InAs quantum
structures grown on InP are smaller than those
grown on GaAs, which will be beneficial to
improve the thermal stability of the devices.
However, it is very difficult to obtain InAs QDs
on InP with regular arrangement and uniform size.
In our study, a thin tensile GaAs layer was used as
nucleation site of InAs QDs and InAs QDs with
regular arrangement and relatively uniform size
were successfully grown [12]. Furthermore, the
photoluminescence (PL) property of InAs QDs
was improved after the insertion of GaAs inter-
layer as shown in this paper. We also showed the
PL characteristics of InAs QDs with GaAs
interlayer at different temperature, excitation
power, thickness of InAs corresponding layer
and GaAs interlayer.

2. Experiment

The samples under investigation were deposited
on (001) InP substrate with trimethylindium
(TMIn), trimethylgallium (TMGa), pure AsHj;
and PH;, 10% in H, as precursors. The total
pressure in the reactor was kept at 1.01 x 10*Pa
and the total gas flow rate was 6//min with Pd-
purified hydrogen as carrying gas. The V/III ratios
were 240 for InP, 80 for GaAs and 260 for InAs.
An InP buffer layer (about 0.2 pm) was first grown
at 600°C after thermal etching which was per-
formed at 650°C for 5min under the protection of
PH;, then the growth temperature was reduced to

500°C to deposit thin GaAs layer and InAs QDs
layer. After that, about 100 nm InP capping layer
was grown at 500°C and then the sample was
cooled down to 300°C under the protection of PH;
and at last the sample was cooled down to room
temperature. Samples without GaAs layer were
also deposited to make comparisons. The samples
prepared for atomic force microscope (AFM)
measurement, were cooled down to room tem-
perature under the protection of AsHj after the
growth of InAs QDs layer. The flux of TMIn,
TMGa, PH; and AsH; did not change in the
whole experiment procedure. The growth rate of
InAs was about 0.2 monolayer(ML)/s.

The AFM analysis was performed with Nano-
scope II1a with normal silicon nitride tip in contact
mode. The PL experiments have been performed
by PL 9000 system with an Ar ion laser (488 nm)
for the sample excitation at a temperature range of
10-300 K.

3. Results and discussion

Fig. 1 showed a three-dimensional AFM image
of InAs islands on InP with 3 nm GaAs interlayer.
The image size was 789 nm x 789 nm. The corre-
sponding thickness of InAs layer was 6 monolayer
(ML). We could clearly see that InAs QDs
arranged along two orthogonal directions. It was
well known that InAs QDs arranged randomly on

Fig. 1. AFM image of InAs QDs with GaAs interlayer. The
image size is 789 nm x 789 nm.
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InP substrate. According to the lattice constant of
GaAs and InP, the GaAs layer undertook about
3.8% tensile strain on InP, which was also
demonstrated by Raman spectra [13]. We hereby
used a thin tensile GaAs layer to provide the
nucleation site of InAs QDs. The detail analysis
of AFM characteristics was reported else-
where [12].

Fig. 2 showed 10 K PL spectra of InAs QDs on
InP substrate and on GaAs/InP under the same
growth condition. The thickness of GaAs inter-
layer was 3 nm. The stronger intensity of PL peak
of InAs QDs on GaAs/InP in comparison to that
on InP indicated higher area density of InAs QDs.
The PL peaks at 1.404 and 1.464 eV in Fig. 2 were
ascribed to InP layer and GaAs interlayer,
respectively. Since the thickness of GaAs was
smaller than the critical value, it endured tensile
stress. Therefore, the band-gap of tensile GaAs
was smaller than that of GaAs bulk [14]. The
center peak of photoluminescence of InAs QDs on
InP lied at 0.744 ¢V while that on GaAs/InP lied at
0.710eV. The emission peak of InAs QDs showed
relatively large red-shift (34 meV) after we inserted
a thin tensile GaAs layer. The reason was the
larger size of InAs QDs formed on GaAs inter-
layer. The FWHM of InAs QDs on GaAs/InP is
45meV, which is nearly half of that of InAs QDs
on InP, 86 meV. This indicated that the size of
InAs QDs became more uniform when the GaAs
layer was inserted. From the spectrum of InAs
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Fig. 2. PL spectra of InAs QDs with GaAs interlayer and
without GaAs interlayer at 10 K.

QDs on GaAs/InP, we could find that it was not a
Gauss line. This was ascribed to the excited state
emission or the emission due to the different size of
InAs QDs [15].

Fig. 3 showed PL spectra of InAs QDs on
GaAs/InP with different InAs coverage at 10 K.
The thickness of InAs were 2.5, 4 and 6 ML,
respectively. The emission from 0.689 to 0.827eV
originated from InAs QDs. As shown in this
figure, the sample with 4 ML InAs coverage
showed the highest PL intensity indicating the
largest area density of InAs QDs. The FWHM
value of the sample with 4 ML was 52 meV while
those with 2.5 and 6 ML were 43 and 44meV,
respectively. This showed that the size discrepancy
of InAs QDs was the largest when the InAs
thickness was 4 ML. We could find two peaks from
QDs emission at around 0.713 and 0.725eV. The
peak at 0.713 eV was due to ground state emission
while that at 0.725eV was ascribed to the emission
from ground state to excited state. This was
confirmed by PL spectra of InAs QDs with
different excited power as shown in Fig. 4. The
excited state transition became dominant when the
pumped power increased to 30mW. On the
contrary, the ground state transition was domi-
nant at pumped power of 5-20mW. The emission
from wetting layer was observed at samples with
2.5 and 6 ML InAs coverage at about 0.976¢V.
The reason why we did not find the emission of
InAs wetting layer at samples with 4 ML InAs
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Fig. 3. PL spectra of InAs QDs with GaAs interlayer under
different InAs coverage at 10 K.
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Fig. 4. PL spectra of InAs QDs with GaAs interlayer under
different pumped power.

coverage was that the intensity of InAs quantum
dots was much stronger than that from wetting
layer. In detail analysis of Fig. 3, we could find
that the emission peak from ground states of InAs
QDs with 2.5 and 4 ML InAs lied at 0.713 eV while
that with 6 ML InAs coverage lied at 0.711¢eV.
This slight redshift was due to the larger size of
InAs QDs. When the thickness of InAs increased
from 2.5 to 4 ML, the number of InAs quantum
dots increased drastically while the size distribu-
tion of InAs QDs did not change. Then, when the
thickness of InAs increased to 6 ML, the size of
InAs QDs increased and some QDs coalesced.
Therefore, the density of InAs QDs decreased
and the emission intensity became weaker. Mean-
while, the position of emission peak shifted to low
energy side because of the increase of InAs QDs
size.

Fig. 5 showed the PL spectra of InAs QDs on
InP with GaAs interlayer at different temperature
with 4 ML InAs coverage. With the increase of
temperature, we could see that the PL intensity
decreased while the PL peak showed slight red-
shift. This coincided with that of InAs QDs on InP
in previous report [16]. We got that the FWHM
value hardly changed with the temperature from
this figure.

The PL spectra of InAs QDs with different
thickness of GaAs interlayer were investigated as
shown in Fig. 6. The thickness of InAs was 4 ML
to each sample. We could obtain that the sample
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Fig. 5. PL spectra of InAs QDs with GaAs interlayer at
different temperature.
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Fig. 6. PL spectra of InAs QDs with different thickness of
GaAs interlayer at 10 K.

with 3nm GaAs interlayer showed the strongest
intensity indicating the largest QDs area density.
The FWHM value of sample with 3nm GaAs
interlayer was 58 meV, which is larger than 47 meV
of the sample with 4.5nm GaAs interlayer. This
implied that we obtained high area density of InAs
QDs but relatively broad size distribution using
3nm GaAs interlayer.

4. Conclusion

We reported the formation of InAs QDs with
regular arrangement on InP using a thin GaAs
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interlayer. AFM analysis showed that InAs QDs
arranged along two orthogonal directions. The
comparison between PL spectra of InAs QDs on
GaAs/InP and on InP showed that the emission
intensity was stronger and the FWHM was much
smaller after we inserted the GaAs layer. This
indicated that we got higher area density and more
uniform size distribution of InAs QDs. We found
that the density of InAs QDs increased sharply
and the size distribution hardly changed when
the thickness of InAs increased from 2.5 to 4 ML.
However, when the thickness of InAs increased
to 6 ML, the size of InAs QDs increased and the
density of InAs QDs decreased due to QDs
coalescence. The emissions from the ground
states and excited states were both found in PL
spectra and confirmed by PL spectra at different
excitation power. PL spectra at different
temperature showed relatively small redshift of
InAs QDs emission peak with the increase of
temperature. We got the largest area density
of InAs QDs when the thickness of GaAs
interlayer was 3 nm.
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