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Selective growth of InGaAs quantum dots on GaAs is reported. It is demonstrated that selective-area
epitaxy can be used for in-plane bandgap energy control of quantum dots. Atomic force microscopy
and cathodoluminescence are used for characterization of the selectively grown dots. Our results
show that the composition, size, and uniformity of dots are determined by the dimensions of the
mask used for patterning the substrate. Properties of dots can be selectively tuned by varying the
mask dimensions. A single-step growth of a thin InGaAs quantum well and InGaAs quantum dots
on the same wafer is demonstrated. By using a single-step growth, dots luminescing at different
wavelengths, in the range 1150–1230 nm, in different parts of the same wafer are achieved.
© 2005 American Institute of Physics. fDOI: 10.1063/1.1875745g

Photonic integrated circuitssPICsd have advantages of
better optical performance, compact size, and low optical
losses over individual photonic devices coupled through fi-
bers. Fabrication of PICs requires in-plane bandgap energy
control of epitaxial layers. Conventionally, growth of epitax-
ial material for PICs involves patterning the substrate, epi-
taxial growth, etching away some of the epitaxial layers, and
regrowth. This process is repeated for each additional band-
gap region to be added and requires high precision in con-
trolling the thickness of regrown epitaxial layers for accurate
alignment of the two optical devices. Even with perfect
alignment, mode mismatch at the butt joint causes losses due
to scattering and backreflection. Selective area epitaxy
sSAEd eliminates the butt-joint problem of the traditional
approach. In SAE the semiconductor substrate is patterned
using a dielectric layer. Epitaxial growth does not take place
on the dielectric and the growth species present over the
dielectric migrate toward the mask openings. Growth rate at
any place on the substrate is determined by the dimensions
of the dielectric mask around that region. Thus, the proper-
ties of the epitaxial layers can be selectively controlled by
changing the local mask dimensions. SAE has been used for
fabrication and integration of quantum wellsQWd devices.1–5

Photonic devices with quantum dots in the active region are
superior to their QW counterparts because of their tempera-
ture independent properties6 and lower threshold current
densities.7 Several groups have demonstrated photonic de-
vices with quantum dots in the active region8–14and SAE has
been used to selectively grow quantum dots.15–17 In this
work, we study SAE as a technique for tuning the emission
wavelength of quantum dots with potential for quantum dot
photonic device integration.

The GaAs substrates used for the growth of epitaxial
layers studied in this work were patterned with SiO2 depos-
ited by plasma enhanced chemical vapor deposition, using
photolithography and wet chemical etching. Quantum dots
were then grown on these prepatterned substrates. Fig. 1

shows the schematic of mask patterns used in this study. The
SiO2 stripe widths sWd varied between 5 and 70mm,
whereas the openingssOd varied between 2 and 50mm.

In0.5Ga0.5As quantum dots on GaAs were chosen as the
subject of this study. All the samples were grown in a low-
pressures100 mbard, horizontal flow metalorganic chemical
vapor deposition reactor. First, a 100 nm buffer layer was
grown at 650 °C. The growth temperature was then reduced
to 550 °C for the dot growth. The temperature was then
ramped to 650 °C during the growth of 200 nm thick GaAs
cap layer. An uncapped layer of dots was then grown at
550 °C for characterization with atomic force microscopy
sAFMd. All the samples grown were characterized using
AFM and cathodoluminescencesCLd measurements. Oxford
Instruments MonoCL2 system installed on a Jeol 35C scan-
ning electron microscope was used for obtaining the CL
spectra. The samples were excited using a 13 kV electron
beam and the luminescence signal was detected using a liq-
uid nitrogen cooled Hamamatsu R5509-72 detector.

The growth parameters were optimized so that the two
dimension–three dimensions2D–3Dd transition can be selec-
tively achieved only in specific regions of the substrate. Un-
der optimized growth conditions, no deposition takes place
on the SiO2 stripes. The In and Ga species present vertically
above and on the stripes move away from the stripes through

adElectronic mail: smokkapati@ieee.org FIG. 1. Schematic showing the mask pattern used in this work.
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surface migration and gas phase diffusion, causing enhanced
deposition rates in regions adjacent to the stripes. The in-
crease in deposition rate in the openings depends on their
dimensions and the width of the dielectric mask. Thus,
whether the 2D–3D transition takes place on the substrate or
not depends on the dimensions of the mask surrounding that
region. Figure 2 shows AFM pictures taken on different re-
gions of the same substrate. In0.5Ga0.5As was deposited for
2.0 s on the patterned semi-insulatings100dGaAs substrates.
The rate of deposition was 1.7 monolayersML d /s, on an un-
patterned substrate. In regions on the substrate where there
are no SiO2 stripesfFig. 2sadg, the thickness of In0.5Ga0.5As
deposited is below the critical thickness of 4 ML for the
2D–3D transition, and we have a In0.5Ga0.5As QW of thick-
ness 3.4 ML. Due to the enhanced growth rate, we see quan-
tum dots formed between stripes of width 15mm separated
by 8 mm fFig. 2sbdg. As the emission peak of a QW is blue-
shifted with respect to the emission peak from the quantum
dots the QW region is transparent to the radiation emitted by
the quantum dots. So the above proposed growth technique
can be used in principle, to grow active material for fabrica-

tion of a quantum dot laser integrated with a passive wave-
guide or a modulator.

In the regions where dots are formed their properties can
be tuned by varying the mask dimensions. Changing the
SiO2 stripe dimensions changes the growth rate or the total
amount of material deposited, and hence enables us to con-
trol the physical and electronic properties of dots selectively.
The growth parameters and mask dimensions were optimized
for this study so that the total amount of material deposited is
sufficient to cause the 2D–3D transition on all parts of the
substrate. The deposition time was 3.0 s, at a rate of
1.7 ML/s on an unpatterned substrate. In our study we were
able to vary the dot density between 331010 and 4.6
31010 cm−2 without the creation of incoherent dots. The
variation of dot size and dot density with mask dimensions is
shown in Fig. 3sad. For an opening of 50mm, as the stripe
width is increased from 5 to 8mm the average dot height
increases. However, with a further increase in the stripe
width the dot density increases to a maximum of 4.6
31010 cm−2, but accompanied by a simultaneous decrease in
average dot height to a minimum of 2 nm. Further increase
in stripe width causes formation of incoherent dots. The dot
density no longer increases by increasing the stripe width
once the defects start to appear. More and more material is
drawn to these defects, as it is energetically favored, decreas-
ing the dot density, and increasing the average dot height.

Figure 3sbd shows the variation of peak emission wave-
length at 300 K from quantum dots as a function of the oxide
stripe width for a fixed opening of 50mm. The emission

FIG. 2. AFM picturess1 mm31 mmd taken in different areas of the same
wafer: sad without silicon dioxide stripes andsbd between two silicon diox-
ide stripes of widthsWd 15 mm, separated by 8mm openingssOd.

FIG. 3. Variation ofsad dot density and dot height andsbd peak emission
wavelength as a function of stripe width, for a fixed opening of 50mm.
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wavelength first increases with increasing stripe width and
then begins to saturate as the luminescence is quenched by
the formation of incoherent dots. The ability to tune the
emission wavelengths between 1150 and 1230 nm just by
varying the mask dimensions was achieved. This growth
scheme can be used in principle, to grow the active material
for integrated multiple wavelength lasers for wavelength di-
vision multiplexing applications.

The emission wavelength of quantum dots depends on
the size and composition of the dots. As the average dot size
decreases the emitted radiation becomes shorter in wave-
length. The decrease in average dot height fromW
=10–25mm fFig. 3sadg cannot be correlated to the increase
in emission wavelengthfFig. 3sbdg with increasing stripe
width. Figure 4 shows CL spectra from our dot samples at
77 K. The spectra show a sharp peak from the wetting layer
sWLd and a broad peak from the dots. For a fixed opening of
50 mm, the WL peak redshifts from 980 to 1000 nm when
the stripe width is increased from 25 to 50mm. The shift in
the WL peak shows that the wetting layer becomes more In
rich as the width of the stripes is increased. This can be
explained by taking into account the difference in mobilities
of In and Ga adatoms. In adatoms are more mobile than the
Ga adatoms, thereby causing the WL and the dots to become
In rich. Thus, we conclude that the variation in emission
wavelength of dots in this study is due to convolution of two

effects, namely the change in dot size and change in
In content.

In summary, we studied the selective area growth of
InGaAs quantum dots on patterned substrates and demon-
strated that 2D–3D transition can be selectively achieved in
certain regions of the substrate by optimizing the mask di-
mensions and growth conditions. This allows one to form
quantum wells and quantum dots on different parts of the
wafer in a single growth step. It was also demonstrated that
one could tune selectively the size, density, composition, and
emission wavelengths of the quantum dots. This is a prom-
ising technique which has great potential in realizing quan-
tum dot based photonic integrated circuits.
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FIG. 4. CL spectra at 77 K from dots grown between SiO2 stripes of widths
25 and 50mm, separated by 50mm.
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