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Abstract
Self-assembled InGaN quantum dots (QDs) were grown by metal–organic
chemical vapour deposition with growth interruption at low V/III ratio and
low growth temperature on sapphire substrates. The effects of the
interruption time on the morphological and optical properties of InGaN QDs
were studied. The results show that the growth interruption can modify the
dimension and distribution of InGaN QDs, and cause the QD emission
wavelength to blue shift with increasing interruption time. A density of
InGaN QDs of about 4.5 × 1010 cm−2 with an average lateral size of 11.5 nm
and an average height of 1.6 nm can be obtained by using a growth
interruption time of 60 s.

(Some figures in this article are in colour only in the electronic version)

1. Introduction

Wide bandgap gallium nitride (GaN) and other group III
nitride based semiconductors have been successfully employed
to realize short wavelength light emitting diodes and laser
diodes (LDs) [1–3]. Additionally, due to quantum confinement
effects, fabrication and studies of GaN based nanostructures
have recently attracted a great deal of interest for potential
applications in electronic and optoelectronic devices. The
quantum confined nanostructures and quantum dot (QD)
structures are low dimension confinement structures and have
many unique physical characteristics. For example, the
application of QD structure in LDs has been known to lead to
lower threshold currents due to the enhancement of excitonic
effects in the quantum dots [4]. For GaN based materials,
a report suggested that III nitride QD structures can reduce
the effect of defect density on the device performance [5].
There are various techniques reported for the growth of
InGaN QDs structures by metal–organic chemical vapour
deposition (MOCVD). These include the use of antisurfactant
to change the surface free energy of epilayers [6], control of
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the growth thickness and temperature [7] as well as using
the growth interruption technique [8–11]. Among these,
the growth interruption approach facilitates elastic relaxation
resulting in the formation of 3D island structure [8] because
the adatoms can relax to energetically favourable positions
and approach thermodynamic equilibrium during the growth
interruption [9]. However, effects of different interruption
times on the growth of InGaN QDs have not been reported. In
this paper, we report the growth of self-assembled InGaN QDs
by MOCVD at low V/III ratio and low growth temperature on
sapphire substrates and the results of the investigation of the
effect of the interruption time on the morphological and optical
properties of the InGaN QDs grown.

2. Experiment

All samples were grown using a low pressure vertical-type
MOCVD system (EMCORE D75). A 30 nm GaN nucleation
layer was grown first at 500 ◦C on a (0001)-oriented sapphire
substrate and this was followed by a GaN buffer layer grown
at 1110 ◦C under H2 ambient gas. During the growth of the
GaN buffer layer, the flow rate of trimethylgallium (TMG) was
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Figure 1. (a) A typical AFM 1 µm × 1 µm image of sample B with tint = 30 s, (b) a section analysis along the dashed line in (a), (c) the
shape profile of a single InGaN QD structure.
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Figure 2. Histograms of the dot lateral size and height distribution. (a), (b), (c) are the lateral size distributions for samples A, B and C,
respectively. (d), (e), (f) are the height distributions for samples A, B and C, respectively.

68.4 µmol min−1 and NH3 was used as a group V source with
a flow rate of 3 l min−1, corresponding to a V/III ratio of about

2000. The surface morphology of the GaN buffer layer is very
flat with an average deviation Ra = 0.14 nm measured by
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an external atomic forced microscopy (AFM) system since a
previous report had shown that the flat template surface was
important for fabricating self-assembled InGaN QDs without
using antisurfactant [7]. After the GaN buffer layer was grown,
the growth temperature was reduced to 660 ◦C to grow an
InGaN layer and the growth time of all samples was fixed at
30 s. Unlike in the standard InGaN quantum well growth,
the growth temperature was reduced and the growth time was
increased to facilitate the InGaN quantum dot growth [7].
During the growth of InGaN, the flow rates of TMG and
trimethylindium were 4.92 and 4.80 µmol min−1, respectively,
and the flow rate of NH3 was 2 l min−1, corresponding to a
low V/III ratio of about 8300 in comparison to the normal
V/III ratio of 30 000 in the InGaN quantum well growth.
During the growth of the InGaN film, N2 was used as the
ambient gas with a flow rate of 5 l min−1. After the InGaN
growth was completed, a growth interruption was introduced
for these samples with different interruption times (tint) of 30,
60 and 120 s for samples A, B and C, respectively. The
surface morphologies of these samples were examined by
AFM and the AFM data were analysed by a scanning probe
image processor (SPIP) to gather the geometric statistics of
InGaN QDs. The optical characteristics of these samples were
investigated with photoluminescence (PL) using a commercial
microscope system.

3. Results and discussion

The topographic images of three InGaN QDs samples were
measured by AFM and all images showed small island
morphology. Figure 1(a) is a typical AFM scanned result over
an area of a 1 µm square of sample B with the interruption
time of 60 s. A section analysis along the dashed line
in figure 1(a) is shown in figure 1(b), and the dense QD
distribution can be observed. Figure 1(c) clearly shows the
shape profile of a single InGaN QD structure with the lateral
size and height of about 30 and 0.8 nm, respectively. In
addition, the surface roughness average deviation decreases
from Ra = 0.26 to Ra = 0.21 nm on increasing tint from 30
to 120 s. This indicates that the growth interruption at 660 ◦C
could influence the surface morphologies. In order to gather
geometric statistics for InGaN QDs, SPIP was used to analyse
the AFM data for InGaN QDs structures. The lateral size
and height histograms associated with each sample are shown
in figure 2. The standard deviations of QD height is 1.19,
0.78 and 0.91 nm for samples A, B and C, respectively. The
results indicate that growth interruption may be beneficial for
producing uniform distribution of InGaN QD size. Figure 3(a)
shows the averaged height and lateral size of the samples
with various interruption times. The mean sizes (lateral size,
height) of samples A, B and C are (14 nm, 2.4 nm), (11.5 nm,
1.6 nm), (15 nm, 2.5 nm), respectively. The InGaN QDs
reduced first then increased their dimensions as the interruption
time increased. Figure 3(b) shows the dependences of the QD
coverage, which describes how much QD area is occupied
on the surface above the wetting layer, and the QD density
on the interruption time. The QD coverage increases from
5.2% to 7.2% on increasing tint from 30 to 120 s. On the
other hand, the QD densities are 2.88 × 1010, 4.50 × 1010

and 3.28 × 1010 cm−2 for samples A, B and C, respectively.
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Figure 3. (a) Average lateral size and height dependence on the
interruption time and (b) dependence of the density and the coverage
of InGaN QDs on the interruption time.

Sample B with tint = 60 s has the largest QD density. The QD
coverage always increases as the interruption time increases
implying that the sample surface could have an adatom surface
diffusion effect during the process of growth interruption [12].
During the growth interruption period 30 s < tint < 60 s,
the increase in dot density could be caused by the adatom
diffusion from wetting layers to generate new dot structures,
while the decrease in average dot size could be due to the
adatom desorption from ‘old’ dot structures. For the growth
interruption period 60 s < tint < 120 s, the dot density decrease
and average size increase could be mainly due to the adatom
surface diffusion between the InGaN QDs, which leads to the
enlargement of the larger islands by combination of smaller
ones due to the Ostwald ripening [13].

Figure 4 shows the PL spectra of InGaN QDs for various
interruption times from 30 to 120 s at room temperature (RT).
A He–Cd laser was used as the excitation source in the PL
measurement. The PL emission peaks are 2.49, 2.60 and
2.72 eV, and PL linewidths are 170, 210 and 180 meV for
samples A, B and C, respectively. The RT PL of the InGaN
QDs samples shows a blue-shift trend as the interruption time
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Figure 4. Photoluminescence spectra of samples A, B and C at room
temperature under the excitation power of 20 mW.

increases from 30 to 120 s. However, the average heights of
the InGaN QDs samples are 2.4, 1.6 and 2.5 nm for samples
A, B and C, respectively, as shown in figure 3(a), indicating
that the sizes of the InGaN QDs are not always decreased with
increasing interruption time; the blue shift of the PL emission
peak may be caused by the reduction of the In composition in
the InGaN QDs during the growth interruption. A similar effect
was also reported for the InGaAs QDs [14]. The decrease
of the In composition in the InGaN QDs suggests that the
desorption rate of In atoms could be larger than that of Ga
atoms at 660 ◦C. In addition, the PL linewidth exhibited by
sample B was obviously larger than that for samples A and
C. Since QD size reduction would increase the fluctuation of
the effective size distribution leading to an increase of the PL
inhomogeneous broadening [15], the relatively small QD size
of sample B should be responsible for the large PL linewidth
despite the dispersion of QD dimensions.

4. Conclusion

Self-assembled InGaN QDs structures were grown on sapphire
substrates by MOCVD with growth interruption. The flat GaN
layer on the sapphire substrate with an average deviation Ra =
0.14 nm of roughness over an area of a 1 µm square was used
as the template for growing InGaN QDs at a low V/III ratio
(∼8300), low growth temperature (660 ◦C) conditions and with
various interruption times. The InGaN QDs grown at tint = 60 s
have a density of about 4.5×1010 cm−2 with an average lateral

size of 11.5 nm, and an average height of 1.6 nm was obtained.
The interruption time effects on the morphological and optical
properties of the InGaN QDs suggest that the desorption effect
during the growth interruption could decrease the dimensions
of the InGaN QDs structure; the surface diffusion effect during
the growth interruption could increase the QD coverage on
the surface above the wetting layer, and extend the emission
wavelength to the short wavelength region with increase of the
interruption time. By appropriately adjusting the interruption
time, uniformly distributed InGaN QDs with small dimensions
can be obtained and should usable for applications in GaN
based light emitting devices.
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