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The behavior of InAs deposition on GaAss111dB substrates and the corresponding routes toward strain
relaxation have been investigated. InAs growth was for depositions ranging from 2 monolayers to 30 mono-
layers. Over this deposition range, different routes for strain relaxation caused by the lattice mismatch were
observed. The strain relaxed through ragged step edge formation and Ga-In intermixing for low InAs deposi-
tion and through the formation of step bunching and dislocations for thicker depositions.
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I. INTRODUCTION

Many investigations have shown that InAs growth on
GaAs(100) leads to beautiful three-dimensional(3D) islands
under normal growth conditions.1–3 More recently, similar
nanostructures have been observed through InAs deposition
on GaAs high-index surfaces.4–7 In the early 1990s however,
it was found that InAs epitaxial growth on GaAs(110) and
GaAss111dA could grow as a two-dimensional(2D)
surface.8,9 These results attracted interest in non-(100) sur-
faces for epitaxial growth. This was especially true for
GaAss111dA substrates because of a potentially useful strain-
induced piezoelectric field on[111] and an increase in the
optical matrix element that arises from a heavier hole mass.10

Although GaAss111dB has the same piezoelectric properties
as GaAss111dA, only a few studies of InAs growth behavior
on GaAss111dB have been reported and the results may be
viewed as still controversial. For example, both 3D island
formation and smooth 2D growth have been reported for
InAs deposition on GaAss111dB.11–13

In this work, InAs films with different thickness were de-
posited on GaAss111dB vicinal substrates(cut at 2° towards
[2-1-1]) by molecular beam epitaxy(MBE). Reflection high-
energy electron diffraction(RHEED) pattern observation,
scanning tunneling microscopy(STM) images, and photolu-
minescence(PL) measurements were used to study the depo-
sition behavior. Different stain relaxation routes and the cor-
responding surface morphology at different deposition stages
were explored.

II. EXPERIMENT

The experiments reported here were performed in a com-
bined MBE-STM ultrahigh vacuum(UHV) system, which is
equipped with an optical system that monitors the substrate
band edge to give accurate growth temperatures. MBE
growth under various growth conditions was monitoredin
situ by RHEED. Growths were carried out on GaAss111dB
substrates cut at 2° towards[2-1-1]. Before starting the
growth, the native oxide of the GaAs surface was desorbed at
580 °C under 3.7310−6 Torr As4 flux. This was followed by
deposition of a 0.5mm GaAs buffer layer at a temperature of
600 °C, a growth rate of 0.75 monolayer(ML )/s, and a V/III
flux ratio of 7.5. During growth, the RHEED pattern was

kept assÎ193Î19dR23.4° reconstruction in order to sup-
press the growth of pyramidlike defects and achieve a
smooth GaAs surface.23 After deposition of the buffer layer,
the substrate temperature was cooled to 500 °C for the
growth of a InAs epitaxial layer at a growth rate of
0.09 ML/s and a V/III flux ratio of over 40. After InAs being
deposited, the temperature was reduced simultaneously un-
der As pressure. The samples were subsequently transferred
through an UHV transfer chamber into the STM chamber.
Constant current STM images were obtained using a tunnel-
ing current of around 0.1 nA and a sample bias of −3.0 V.

III. RESULT AND DISCUSSION

The growth of a smooth buffer layer surface on a conven-
tional GaAss111dB substrate is difficult to obtain due to the
formation of defects, such as, pyramid structures and micro-
twins. It has been reported, however, that nearly atomically
flat films can be produced within an extremely narrow win-
dow of growth conditions betweensÎ193Î19dR23° recon-
struction and high temperatures131d reconstruction.14,15

The restricted growth conditions are in fact the likely reason
for the low interest in GaAss111dB as a substrate for epitax-
ial growth. On the other hand, the use of a GaAss111dB
vicinal substrate with a 2° tilt toward[2-1-1] has been dem-
onstrated to be a more favorable choice for smooth homoepi-
taxial growth over a broad range of growth conditions.16,17

Figure 1 presents STM images of the GaAs buffer layer sur-
face grown on a vicinal GaAss111dB substrate. The large
area STM image shown in Fig. 1(a) indicates that the surface
is smooth and without pyramid defects. Most of steps on the
surface are monolayer steps and only a few are two or three
steps bunched together. The higher resolution STM image
shown on Fig. 1(b) indicates the step edges are all straight.

After the buffer layer growth, 2 ML of InAs was depos-
ited. Figure 2 shows the corresponding STM surface images.
The large area STM image shown in Fig. 2(a) indicates a
perfect two-dimensional mirrorlike surface. The higher reso-
lution image shown in Fig. 2(b) indicates the surface is con-
sistent with monolayer steps toward the[2-1-1] direction.
However, the edge of the steps are now all “saw-edge”
shaped. The formation of such ragged step edges shown in
Fig. 2(b), as opposed to the relatively straight step edge
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shown in Fig. 1(b), is due to the fact that the lattice constant
of InAs is about 7% larger than that of GaAs. As the step
edges changed from straight to ragged, the line length along
the step edge is dramatically increased. The longer length
offers a way to relieve strain and accommodate a larger lat-
tice constant. Therefore, the ragged step edge is one of the
routes for strain relaxation18 for low deposition of InAs on
the GaAss111dB high index surface.

Figure 3 is a high resolution STM image which shows
surface reconstruction after the deposition of 2 ML of
InAs on a GaAss111dB substrate. The surface is crowded
with circular units consisting of 2 to 5 smaller ring elements,
which is characteristic of thesÎ193Î19dR23.4° reconstruc-
ture typically found for GaAs homoepitaxial growth on
GaAss111dB substrate. The pattern is described as a unit con-
taining six As atoms in the topmost layer corresponding to
the six bright lobes in the STM image.19 Compared to
the surface reconstructure of homoepitaxial growth, the
sÎ193Î19dR23.4° reconstructure on the InAs surface is
completely disordered, and some of the rings shown in Fig. 3
are open and even become a wormlike structure. This is
mainly due to Ga-In intermixing. During InAs deposition on
GaAs, some Ga atoms migrate from buffer layer and In at-
oms from the InAs layer, and intermix. The intermixing leads
to alloying of the InAs layer which, in turn, results in disor-
dered reconstruction of the InGaAs surface. Similar observa-

tions have been made for the epitaxial growth of InAs on
GaAss100d.20 The surface alloying leads to a reduction in the
strain gradient for lattice mismatched systems21 and provides
another route for strain relaxation during InAs deposition on
a GaAss111dB substrate. Not only is the disordered recon-
struction caused by alloying but also the alloying is partly
driven by the reconstruction. The whole process involves

FIG. 1. Buffer layer surface morphology on 2° vicinal
GaAss111dB substrate.

FIG. 2. STM images of InAs 2 ML deposition surface on
GaAss111dB substrate.

FIG. 3. High resolution STM image for 2 ML InAs deposition
surface on GaAss111dB.
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interplay between surface reconstruction, alloying and strain
relaxation.22

In addition to the investigation of 2 ML InAs deposition,
we also deposited 3 ML, 5 ML, and 12 ML of InAs on
GaAss111dB under the same growth conditions. Figure 4
shows a comparison of the surface morphologies of the four
different InAs depositions. There are three important points
that can be drawn from this comparison. First, all four InAs
surfaces are two-dimensional with no three dimension struc-
tures. In fact, based on RHEED images, even at a thickness
of 30 ML, there was no sign of three-dimensional growth.
Second, the disorder in thesÎ193Î19dR23.4° surface recon-
structure becomes less as the InAs layer thickness increases,
which is consistent with the premise that the disordered
sÎ193Î19dR23.4° surface reconstructure is caused by Ga-In
intermixing. Third, step bunching becomes more promi-
nently observed as the InAs layer thickness increases. Stud-
ies indicate that when a vicinal surface is under stress, the
elastic relaxation around each step causes a logarithmic at-
traction between steps, leading to step-bunching, regardless
of the As flux or step density.24–26 Therefore, step bunching
is another route for stain relaxation for larger InAs deposi-
tion on the GaAss111dB surface.

It is well-known that 3D island formation is a dominant
strain relaxation mechanism, e.g., InAs growth on
GaAss100d. Therefore, the observation of 2D growth up to
30 ML of InAs on vicinal GaAss111dB is surprising. In this
case, no InAs islands was observed even on nominal
GaAss111dB, except supersize islands due to growth defects.
We believe the supersize islands due to growth defects ac-
count for the previous claim of 3D InAs growth on
GaAss111dB.13 The observation of 2D InAs growth on
GaAss111dB is consistent with the recent idea of the strain-
driven facet formation as a mechanism of relaxation.4,5 Ac-
cording to this strain relaxation mechanism, the occurrence
of certain facets bounding InAs islands on GaAs surfaces,
indicate that the surface with the same index is stable under

strain. InAs growth on GaAs along this direction maintains a
2D mode. Facets with indices of(110) and s111dA and
s111dB have been observed for InAs islands on GaAs
surfaces.4,27 Consistently, the 2D growth mode for InAs
growth on GaAs, which has been observed along(110) and
s111dA,8,9 should persist alongs111dB.

Figure 5 shows a high resolution STM image surface after
deposition of 12 ML of InAs. Compared to the 2 ML InAs
deposition shown in Fig. 3, which is characterized by a dis-
orderedsÎ193Î19dR23.4° reconstructed surface, the surface
for 12 ML of InAs deposition is still characterized by a dis-
orderedsÎ193Î19dR23.4° surface reconstruction but cover
less of the surface. Instead, most of the surface is now cov-
ered by ordereds232d reconstruction. This is expected since
much less Ga atoms can migrate to the top of a thick surface.

To further investigate the routes for strain relaxation of
InAs on GaAss111dB, a GaAs/ InAs/GaAs quantum well
structure was also fabricated on the GaAss111dB substrate in
order to examine PL. The PL measurements were made at a
temperature of 12 K using the 532 nm line of Verdi-V10
laser for excitation. In Fig. 6, the PL spectrum shows strong
peak values when the InAs thickness was 2 ML and 4 ML.

FIG. 4. Surface morphology when InAs deposition on
GaAss111dB was (a) 2 ML, (b) 3 ML, (c) 5 ML, (d) 12 ML.

FIG. 5. High resolution STM image for 12 ML InAs deposition
surface on GaAss111dB.

FIG. 6. PL spectra of InAs/GaAss111dB structures with InAs
deposition of 2 ML, 4 ML, and 6 ML, respectively.
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However, when the InAs thickness was increased to 6 ML,
the PL peak disappeared, indicating the density of defects,
such as, dislocations became high. The formation of the de-
fects is a result of the release of strain accumulated during
deposition. Therefore, dislocation formation is another route
for strain relaxation for high InAs deposition on GaAss111dB
surface.

IV. CONCLUSION

The behavior of InAs deposition on GaAss111dB sub-
strates and the routes toward strain relaxation during the
deposition have been investigated by STM images and PL
testing. InAs growth was observed to be two-dimensional

without the formation of three-dimensional structures for
depositions ranging from 2 ML to 30 ML despite the lattice
mismatch. However, over this deposition range, different
routes for strain relaxation caused by the lattice mismatch
were observed. The strain relaxed through ragged step edge
formation and Ga-In intermixing for low InAs deposition
and through the formation of step bunching and dislocations
for thicker depositions.
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