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Abstract

We have studied the in#uence of alloying induced chemical exchange reactions on the formation of self-assembled InAs
dots prepared on InP and In

0.52
Al

0.48
As bu!ers lattice-matched to InP(001). Atomic force microscopy and low-

temperature photoluminescence measurements have been used to characterize the dot properties. Strong di!erences in
the islanding process are observed depending on the growth conditions and on the nature of the bu!er layer. They are
associated to variation in intermixing between the InAs deposit and the bu!er layer. ( 1999 Elsevier Science B.V. All
rights reserved.

PACS: 81.15.Hi; 68.35.Rh; 68.35.Dv
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1. Introduction

It is now well known that quantum wires or dots
can be obtained using the Stransky}Krastanov
growth mode of strained layers. However, for de-
vice application, their spatial self-organization as
well as their size, shape and distribution uniformity
remain a challenging prerequisite [1]. Recent
works have shown that alloying e!ects such as
surface segregation [2], spinodal decomposition
[3], or chemical exchanges [4,5] can greatly in#u-
ence the nanostructure properties. We have shown
recently [6] that such alloying e!ects as well as
bu!er morphology can a!ect strongly the islanding
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process when `InAsa nanostructures are prepared
on three di!erent bu!ers, i.e., InP, InAlAs and
InGaAs lattice-matched to InP(001). Both 3D mor-
phology relaxation and chemical relaxation had to
be taken into account to understand strain relax-
ation and dot formation. In this work, we concen-
trate on the InAs/InP system and we show that
controlling the As}P chemical exchange reactions
allow to modify strongly the spatial distribution
and the size of the dots. A comparison is done with
the InAs/InAlAs system where only III element
alloying is possible.

2. Experimental procedure

The samples consist of 3 ML of InAs (just above
the critical threshold of the 2D/3D growth mode
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Table 1
Bu!er growth conditions and dot characteristics for InAs/InP and InAs/InAlAs systems. N/D represents the ratio between the total dot
volume (N) and the deposited InAs amount (D)

Sample Bu!er Growth
temperature
(3C)

As stabilization
time (s)

Dot length
(As )

Dot width
(As )

Dot height
(As )

Dot density
(per cm2)

N/D

A InP 480 10 1100 600 160 5]109 2.5
B InP 480 600 900 500 70 1]1010 2.5
C InP 450 10 800 550 50 5]109 0.75
D InAlAs 525 * 550 300 15 8]1010 0.65

Note: P
A4
&5]10~6 Torr and InAs growth rate is 0.2 ML/s for all samples.

transition) deposited by solid-source molecular
beam epitaxy (MBE) on 4000 As InP and
In

0.52
Al

0.48
As bu!ers. We used atomic force

microscopy (AFM) to investigate the dot size and
distribution. 4 K photoluminescence (PL) allowed
to study the optical properties of the dots after
capping with InP and InAlAs, respectively. Growth
parameters and AFM characteristics are collected
in Table 1.

3. A comparison between InAs/InP and
InAs/InAlAs

Fig. 1 shows AFM images and the corresponding
PL spectra for 3ML of InAs deposited on InP
(sample A) and InAlAs (sample D), using the stan-
dard growth temperature of 4803C and 5253C, re-
spectively. The corresponding dot characteristics
are presented in Table 1. Strong di!erences are
observed between the two systems. Small dots are
obtained for InAs/InAlAs whereas large dots are
formed on InP. When comparing the total dot
volume (N) to the deposited InAs amount (D), an
N/D ratio of 0.65 is found for InAs/InAlAs dots
while an N/D ratio of 2.5 is found for InAs/InP
dots. This indicates that dots are made of
InAs

1~x
P
x

alloy in the InAs/InP system. This be-
havior is understood when comparing the mixing
enthalpies *H

.
"x(1!x)X of InAs

1~x
P
x

and
In

1~x
Al

x
As, where X is the interaction parameter

re#ecting the energy excess associated with bond
distorsion. X is equal to 720 cal/mol for InAsP and
to 3600 cal/mol for InAlAs. The easier alloying for
InAs/InP explains why the largest dots are ob-

served on InP, taking into account that alloying
allows to relax part of the total strain energy. For
InAlAs, InAs surface segregation [7] and spinodal
decomposition [8] prevent In

1~x
Al

x
As alloy

formation in the dots during the islanding process.
PL measurements shown in Fig. 1 con"rmed that

only InAs/InAlAs behave as quantum dots. The
multiline PL spectrum reported in Fig. 1c for
InAlAs can be "tted with six gaussian components
(FWHM&50 meV). When the excitation power is
increased, the low energy components begin to
saturate whereas the high energy ones continue to
increase. We attribute these components to a mix-
ture of quantum dot excited states [9] and mono-
layer #uctuations of the dot height [10]. For high
excitation power the lower quantum dot levels
saturate as expected. The lateral quantum con"ne-
ment is thus evidenced. Fig. 1a shows the PL spec-
trum in the case of an InP matrix (sample A). It
consists in a discrete series of at least seven lines
between 0.8 and 1.3 eV (FWHM"25 meV) at
200 lW. A slight increase of the FWHM is detected
when the excitation power is increased, the peak
shape remaining almost the same. Such peaks have
been attributed to monolayer #uctuations of the
dot height [10]. Because of the large lateral size of
the dots (100 nm), they behave like quantum wells.
The broadening observed with an excitation power
increase is attributed to band "lling e!ects.

4. Controlling InAs/InP

The above results have shown that the lateral
size of the InAs/InP islands has to be reduced in
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Fig. 1. Photoluminescence spectra at 4 K of InAs dots embedded in: (a) an InP matrix and (c) an In
0.52

Al
0.48

As matrix. Typical AFM
images of the dots for: (b) InAs/InP and (d) InAs/InAlAs.

order to achieve a quantum dot behavior similar to
InAs/InAlAs. This was performed by modifying the
As-P chemical exchange at di!erent stages of the
islanding process: (i) during the arsenic-stabiliz-
ation of the InP surface, (ii) during the InAs depos-
ition.

As the InP bu!er is exposed to arsenic overpres-
sure before InAs deposition, arsenic atoms are
known to replace the outgoing phosphorus [11].
Previous XPS results [11] have shown that anneal-
ing of InP under arsenic leads to about 1.25}1.5
arsenic equivalent monolayers in the 450}5003C
range. Table 1 and Fig. 2 show that when increas-
ing the arsenic-stabilization time from 10 s (sample
A) to 10 min (sample B), before InAs deposition, the
dot density is two times higher and the dot heights
are two times smaller whereas the dot distribution
is much more homogeneous. In particular, the dot

alignment related to the bu!er surface morphology
(large terraces with simple and double steps) disap-
pears. In contrast, the total dot volume remains
constant (N/D&2.5). This clearly indicates that if
some V-element alloying exists already prior to the
InAs deposition, most of As-P exchanges are strain
induced and happen during the InAs 2D growth
step. N/D&2.5 indicates that about 8 equivalent
ML are involved in the dots. Taking into account
that only &4ML of InAs are available to built the
dots, this suggests that the dots are made of
InAs

1~x
P
x

with x&0.5.
For 10 s arsenic-stabilization, it is expected that

the `InAsPa surface layer is chemically in-
homogeneous (equilibrium is not reached) which
could explain an inhomogeneous nucleation of
dots. Increasing the bu!er surface chemical homo-
geneity (with a 10 min treatment) should lead to
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Fig. 2. Typical AFM images of the dots in the case of an InP bu!er: (a) sample A, (b) sample B, (c) sample C. See Table 1.

a more homogeneous lateral dot distribution as
observed. However, a higher roughness of the buf-
fer surface due to the 10 min treatment, leading to
a higher density of nucleation sites, could also ex-
plain this more homogeneous distribution.

Finally, an interesting result is observed when
decreasing the process temperature from 4803C to
4503C (sample C), still using a 10 s arsenic-stabiliz-
ation step. The dot density is identical to that
of sample A. In contrast, the dots are two times
smaller with a less pronounced alignment and elon-
gation along the [1 11 0] direction and N/D&0.75.
Obviously, decreasing the growth temperature
lowers the adatom mobility during the 3D growth
but also the e$ciency of the As}P chemical ex-
change leading to a more As-rich composition for
the dots.

5. Conclusion

We have shown that alloying e!ects associated
to chemical relaxation can in#uence strongly the
size and composition of self-assembled InAs/InP
dots. Limiting the As}P chemical exchange should
allow to prepare small quantum dots in the

InAs/InP system for operation at 1.55 lm. The
density of dots appears to be controlled by the
availability of nucleation sites.
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