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In this paper we present a study of In surface diffusion on InAs wetting layers deposited on the �001� surface
of GaAs. The �2�2�4� and �2�2�4� reconstructions stabilized by a high In concentration are considered. The
low symmetry of the �2�2�4� reconstruction allowed us to understand the effect of the wetting-layer sym-
metry on the adsorbate diffusion. We find that �i� the diffusion coefficient value is larger for In motion on the
�2 reconstruction than on the �2 reconstruction. This is due to the presence on �2 of an additional As dimer that
rises locally the potential energy surface and offer an additional site to which the In adatom can bind strongly.
�ii� The In adsorption sites located within the As dimers have to be taken into account properly for these
specific reconstructions, since they greatly affect the value of the diffusion coefficient. This is in contrast to
what happens for the other reconstructions reported in the literature. �iii� The adsorbate diffusion is highly

anisotropic with the �1̄10� direction favored over the �110� direction, due to the presence of low-potential

channels along �1̄10�. �iv� The anisotropy is slightly smaller on the �2 reconstruction than on the �2 recon-

struction because on the �2 there is an additional diffusion channel along the �1̄10� direction.
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I. INTRODUCTION

A first step for understanding nucleation of self-assembled
quantum dots �QDs� is to investigate what happens during
the mass transport taking place at the two-dimensional to
three-dimensional 2D→3D transition. Here we address the
Stranski-Krastanov growth mode1 typical of the InAs/GaAs
quantum dot system. The coordinated adsorbate motion dur-
ing mass transport is determined by an ensemble of single
surface diffusion events.2 Thus, the understanding of surface
diffusion is fundamental for shedding light on the nucleation
mechanism and to determine the final dot density and ar-
rangement.

Adsorbate surface diffusion takes place on reconstructed
InGaAs �001� wetting layers �WL� and depends on the
growth conditions. In this paper we refer to molecular-beam
epitaxy �MBE� growth conditions, mainly, through the
choice of the particular surface reconstructions �depending
on the As chemical potential� and of the growth temperature.

Since we are interested in In diffusion at the onset of the
2D→3D transition, we focus our attention mainly to particu-
larly In-rich WLs, with a �2�4� �001� surface reconstruc-
tion, which was reported in the literature2–5 as the observed
reconstruction of the WL at the onset of quantum dot forma-
tion. The transition takes place at ��1.7 ML coverage, with
x=0.8 In surface composition.6,7 For a �001� In-rich surface,
the stable �2�4� reconstructions are �2 and �2.8–10 The �2
presents an additional As dimer; thus it is stabilized in richer
As atmosphere or/and at a lower growth temperature where
As evaporation from the surface diminishes. In this paper we
determine the properties of In surface diffusion considering
the �2 and �2 reconstructions for an In-rich WL grown on
GaAs. It has been found11 that as the In coverage increases,
the �001� surface reconstruction changes from c�4�4� for
pure GaAs to �2�3� at an In ��0.7 coverage and finally to
a �2�4� reconstruction at a much higher In coverage. The

characteristics of In adsorption have been previously studied
for the c�4�4� GaAs�001�,10 the �1�3� and �2
�3�In0.66Ga0.33As�001�,12 and for the �2 and �2�2�4� InAs/
GaAs�001� �Ref. 13� WLs. Here, we add a further piece to
the picture of In diffusion on these InGaAs WLs, reporting
the results of In diffusion on �2�4� reconstructed surfaces.

Our description of In diffusion is based on the transition
state theory.14–16 In adatoms perform thermally activated
jumps from an adsorption site on the WL to another one,
overcoming energy barriers. The In adsorption sites on the
�2 and �2 reconstructed WLs and the corresponding diffu-
sion energy barriers have been previously calculated by us
using a first-principles pseudopotential density-functional
theory �DFT� approach, in the local-density approximation
�LDA�.13 We know that the As dimers �ad-dimers� at the top
of the surface and the As dimers �indimers� in the trench—
two atomic layers below—give rise to higher-potential re-
gions for the In adatom that define low-potential channels
along the �1̄10� direction. Similar results were obtained for
the �2 surface reconstruction, where an additional As ad-
dimer is present on the top of the surface. These results are
here used as a starting point to calculate the properties of In
diffusion. The analysis of the In trajectories on the WL, with
the indication of which among the adsorption sites has the
highest probability to be visited by the adsorbate and which
one binds the adsorbate for a longer time, can provide useful
information for a later investigation of the nucleation pro-
cess.

The paper is organized as follows. In Sec. II we describe
the theoretical methods used to study In diffusion and calcu-
late the diffusion coefficient. Section III reports our results
for the diffusion on the �2�4� reconstructed �001� InGaAs
covered surfaces using �i� an analytical solution of the diffu-
sion master equation and �ii� direct kinetic Monte Carlo
�kMC� simulations. The results are discussed in detail and
compared with the existing literature. Finally, in Sec. IV, we
summarize and conclude.
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II. METHOD

The tracer diffusion tensor is defined as17–19

D�,�
� = lim

t→�

1

4t
��r��t��r��t�� , �1�

where �r�����t� is the adsorbate displacement with respect to
the initial position, along the coordinate � ��� �we use Greek
letters to indicate tensor in-plane components x and y�. In the
case of isotropic surface diffusion, it will be D�,�

� =D���,�,
where D� is the tracer diffusion coefficient. It is important to
note that the definition �Eq. �1�� applies only to the random
walk of an isolated adatom: the so-called tracer. This condi-
tion corresponds to an experimental situation of low adatom
concentration and vanishing interaction among the adatoms.

The diffusion motion originates from the random walk of
the adsorbate on the surface, consisting of a series of ther-
mally activated jumps. The adsorbate in an initial adsorption
state �j� after a given time 	 escapes to another adsorption
site �k� with a transition probability per unit time 
kj
�
k←j �1 /	kj. It is clear that the tracer diffusion coefficient
is a function of the whole set of 
kj.

In order to determine the coefficients 
kj, we apply the
transition state theory.14–16 Thus, the transition probability
per unit time is expressed as:


kj = 
kj
�0�e−�U/kBT, �2�

where �U is the difference between the T=0 K energy of
the adsorption site i and that of the transition state at the
saddle point along the path j→k that is commonly referred
to as diffusion barrier. 
kj

�0� is interpreted as the attempt-to-
escape frequency of the adatom in site i and it is related to
the vibrational properties of the system and to the tempera-
ture. In this work we consider 
kj

�0�=
0=1013 s−1, for each j
and k. This is a reasonable assumption since, in general, in
most cases of single adatom hopping diffusion, the prefactor

kj

�0� has been found to have a maximum variation of a factor
2.20 The determination of �U is more critical since it appears
in the exponent of Eq. �2�. The energy barriers �U that enter
the process rates �Eq. �2�� are those calculated from first
principles.13

To calculate the diffusion tensor we follow two distinct
ways: �i� the analytical solution of the master equation for
the random walk and �ii� the kinetic Monte Carlo simulation
of the diffusion kinetics.

A. Solution of the master equation of a 2D random walk

We write the master equation for the probability,

d

dt
Pj�n,t� = 	

k=1

k�j

Na

	
n�


 jk�n − n��Pk�n�,t�

− Pj�n,t� 	
k=1

k�j

Na

	
n�


kj�n� − n� , �3�

where Pj�n , t� is the probability of finding the random walker

in the adsorption site j of the nth unit cell at time t, and n
= �nx ,ny� is the 2D lattice index along the directions x and y.

kj�n�−n� is the transition probability per unit time from site
�j ,n� to site �k ,n��. Na is the number of adsorption sites per
surface unit cell. The conditions Pj�n , t�� �0,1� and
	 j=1

Na 	nPj�n , t�=1 hold. The first term represents the adatom
coming from sites k to site j; the second one represents the
adatom leaving j by jumping to all the other possible sites k.

By applying the Fourier transform Pj�n , t�
=	qeiqnPj�q , t�, the master equation �3� can be brought to
the compact form

d

dt
P�q,t� = 
�q�P�q,t� , �4�

where P is the array of Na elements of the probability Fourier
coefficients and 
 is a Na�Na matrix whose elements are


 jk�q� = 	
n

eiqn
 jk�n� − � jk	
l=1

Na

	
n


lj�n� �5�

commonly referred to as the transition rate matrix.21

We are now interested in the steady-state solutions of Eqs.
�3� and �4�. Owing to the periodic boundary conditions and
considering a very large system with an infinite number N of
cells, Pj�q�=0 for each q�0. The steady-state solution for
the Pj is calculated directly from


�q = 0�P�q = 0� = 0. �6�

Another useful quantity for understanding diffusion is the
occupation frequency for each site f j that can be calculated
as

f j = Pj/	 j , �7�

where 	 j is the mean permanence time in each site, given by
the sum of the probabilities of escaping from site j,

1

	 j�n�
= 	

k=1

Na

	
n�


kj�n� − n� . �8�

The tracer diffusion tensor can be obtained22,23 from the ei-
genvalues of the transition rate matrix �Eq. �5��. It can be
demonstrated24 that for this master equation there is one and
only one eigenvalue; let it be �1�q�, such that �1�0�=0 and
the real part of all the other eigenvalues is negative. The
tracer diffusion tensor is obtained as

D� = BHBT, �9�

where B is the transformation matrix from Cartesian coordi-
nates to lattice indexes, and H is the Hessian of the above
eigenvalue,

H = −
1

2
�q�q�1�q�
q=0. �10�

To calculate the diffusion properties of the In adsorbate, we
have fully solved Eq. �10� without approximations.

B. Kinetic Monte Carlo simulation

The kMC algorithm25–29 provides a numerical solution to
the Markovian master equation �3� and allows to simulate the
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system kinetics over large time scales. The surface diffusion
process involves macroscopic time scales because it is ruled
by rare events. Rare events, such as the jumps from site to
site of a diffusing adatom, occur when the system undergoes
a sudden transition—usually thermally activated—from one
stable phase-space region to another one. The time interval
between these transitions is several orders of magnitude
higher than the time period of atom vibrations around their
equilibrium positions. Thus, an atomistic description of the
physical phenomena governed by rare events, such as
surface-atom diffusion and dot growth, cannot be achieved
by a straightforward use of molecular dynamics. The kMC
method combined with the first-principles calculation of the
activation energies of rare events constitutes a powerful ap-
proach to simulate the time evolution of these phenomena,
including atomistic information. This is achieved by coarse
graining the particle dynamics to the rare events which rules
the system evolution, while averaging over the short-time
dynamics of atom vibrations.

We adopted the kMC algorithm to calculate the trajecto-
ries followed by an In adatom when diffusing on the �2 and
�2 reconstructed �001� surfaces of the InAs WL at different
temperatures. In our simulations the particle moves on a dis-
crete lattice where the sites correspond to the metastable ada-
tom configurations previously identified by means of first-
principles calculations.13 The particle jumps occur with the
rates defined by the transition state theory in the harmonic
approximation �2�.

At the beginning of the kMC simulation, the In adatom is
deposited on a randomly selected lattice site. Then a loop
consisting of the following four steps is executed: �i� the
total rate R for In diffusion is calculated by summing up the
rates of all the hopping processes that are possible starting
from the selected adatom position �as in Eq. �8��; �ii� a par-
ticular diffusion event �say l� is randomly selected with a
probability given by 
l /R; �iii� the event is executed, i.e., the
occupations of the starting and the arrival sites of the atomic
jump are changed; and �iv� the time is updated by an incre-
ment dt that is a random variable with the Poisson distribu-
tion and average value �dt�=1 /R. This condition makes the
kMC time a physical quantity and allows to map the simu-
lation time with the real time. Thus, as an outcome of the
kMC simulation, we obtained the trajectories that the In ada-
tom indeed spans when diffusing at different temperatures on
the reconstructed InGaAs WL surface. By “observing” the
adatom wandering on the surface, we can get insight into the
microscopic mechanisms at the basis of the calculated ada-
tom diffusivity, and in particular, into the role played by the
reconstruction morphology in “shaping” the adatom trajec-
tory. By accumulating, during the simulation—the time in-

tervals spent by the adatom in each site and the number of
visits to that site—the mean permanence time is straightfor-
wardly calculated as the ratio between the two quantities. By
postprocessing the adatom trajectories, the adatom mean-
square displacement is calculated as a function of time.30 By
applying the definition of Eq. �1�, we extract the adatom
diffusion coefficient.

III. RESULTS

In order to calculate the diffusion tensor, we identify all
the possible transitions from site j to the other sites k on the
surface and find the transition probabilities per unit time

kj�n�−n� �Eq. �2��. We consider only first-order transitions,
i.e., transitions involving the crossing of only one saddle
point in the PES. This is a reasonable approximation since
the probability of higher-order transitions is of orders of
magnitude smaller. In this approximation we consider the
transition network relative to each reconstruction.

We consider two different situations. In the first case we
exclude from the transition network the adsorption sites hav-
ing the In adsorbate inserted in the As dimers; in the second
case, for �2 and �2 also these additional adsorption sites13

are considered, in analogy to what has been done in some
previous works,10,31,32 where the adsorbate inclusion into the
dimers is found to be responsible for a strong modification of
the PES and—as a consequence—of a decrease in the diffu-
sion. In particular, these sites have been considered in the
case of Ga adsorption on �2�2�4�.31 In the case of In on
c�4�4� �Ref. 12� and on the �1�3� and �2�3� �Ref. 10�
surfaces, the authors have found these sites too shallow, with
a low probability to be occupied at usual growth tempera-
tures, and thus they have not been inserted in the diffusion
calculation. In our case the binding sites into the As dimers
cannot be neglected, since the barrier on the PES to be over-
come by the random walker for breaking the As dimers and
inserting into them are few hundreds of meV, comparable to
the other barriers on the PES.13 Thus, according to Eq. �2�,
the probability to observe such events during surface diffu-
sion is important and can strongly affect surface diffusion.

A. Master-equation solution

Here we discuss the results obtained from the master
equation following the procedure described in Sec. II A.

The diffusion coefficients of In on the two surface recon-
structions are reported in Fig. 1, with and without consider-
ing the possibility for the adsorbate to insert into the As
dimers. We first notice that there is a great difference be-
tween the diffusion along the two surface directions. The
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FIG. 1. �Color online� Diffusion coefficients
for �2�2�4� and �2�2�4�. Solid lines refer to

the �110� direction and dashed lines to the �1̄10�
direction. Red �light� and black �dark� lines are
calculated with and without the adsorbate inclu-
sion in the dimers, respectively. The arrows evi-
dence the change in the coefficients when the
sites in the dimers are included in the calculation.
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diffusion of the adsorbate is much larger along the �1̄10�
direction, with respect to the �110� direction, for both surface
reconstructions. This is a consequence of the PES shape:13

low-energy regions, with weak energy barriers extending

along the �1̄10� direction, act as deep channels for In motion,
while along the orthogonal �110� direction, the adsorption
sites are separated by higher barriers corresponding to the As
dimers. This difference can be quantitatively evaluated by
defining the anisotropy,

A =
D�1̄10�

�
− D�110�

�

D�1̄10�
�

+ D�110�
�

. �11�

The anisotropy calculated for both surfaces is given in Fig. 2.
Of course the anisotropy is higher at low temperatures be-
cause the probability to overcome high barriers is lower than
at high temperatures; thus at low T the adsorbate diffusion

occurs mainly along �1̄10�. This means that the material
transport toward the quantum dots �and, likewise, transport
away from the quantum dots during overgrowth by a capping

layer� occurs preferentially along the �1̄10� directions. In-
deed, a degradation of the quantum dots leading to a pro-

nounced elongation along �1̄10� has been clearly observed
during slow-rate overgrowth of large InAs QDs by a GaAs
capping layer.33 Furthermore, atomic force microscopy
�AFM� studies of the wetting layer below the critical cover-
age find the formation of large-scale anisotropic mounds

elongated along the �1̄10� direction.34 Both phenomena may

well be related with the diffusion anisotropy we have calcu-
lated in this work.

When we insert in the transition network the adsorption
sites located between the two As atoms of the dimers, the
diffusion coefficient is, in general, highly reduced, since the
new sites that are deep and surrounded by high barriers �of
the order of 600–900 meV� act as traps for the diffusing
adatom. The reduction in the In diffusion is more relevant on
�2 than on �2 since, in the former case, the number of these
additional adsorption sites is obviously larger. The aniso-
tropy is instead slightly reduced for both reconstructions at
high temperatures. Thus, we see that the anisotropy of the
diffusion tensor for �2 and �2 is similar.

A further quantity we want to evaluate is the effective
diffusion barrier �E� along a specified direction. It is ob-
tained from the Arrhenius plot of the diffusion coefficient
along specific direction �,

D�
� � e−�E�/kBT. �12�

The effective diffusion barrier gives an indication of the dif-
fusion efficiency along the direction �. In Table I our results
for �E� are reported. We notice that the �2�4� reconstruc-
tions of the InAs WL studied in this work present high ef-
fective diffusion barriers, with the barriers of �2 slightly
higher than those of �2. As expected, when considering the
adsorbate inclusion into the dimer-breaking adsorption sites,
the effective diffusion barriers considerably increase.

The analysis of the site mean occupation time 	 j ��Eq. �8�
and Fig. 3�� reveals that the sites where the adsorbate spends
most of its time are the ones where the In adsorbate is in-
cluded in the dimers. Other important high-permanence sites
are A2 and A4 for the �2 surface reconstruction and A6 and A8
for the �2 reconstruction.13 The average permanence time 	 j
in the dimer sites is about 3 orders of magnitude higher than
that in the other sites, owing to the higher-confining barriers.
This demonstrates the need of including these sites into the
transition network, for a correct description of the diffusion
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TABLE I. Effective diffusion barriers �E� �meV� along the two

orthogonal �110� and �1̄10� surface directions.

Surface �E�110�
� �E�1̄10�

�

InAs WL �2�2�4� without dimer 827 405

InAs WL �2�2�4� without dimer 971 554

InAs WL �2�2�4� with dimer 958 525

InAs WL �2�2�4� with dimer 1033 893
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FIG. 3. Mean permanence
time 	 j for each site, for �2 and
for �2, at different substrate tem-
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kinetics of the In adatom on these surfaces. This property
allows us to consider these sites as the best candidates for the
study of the nucleation process, being the permanence time a
condition for nucleation. When the temperature is increased,
the permanence times tend to become similar for all adsorp-
tion sites because the thermal energy of the adsorbate is
higher and the probability to overcome the barriers increases
significantly everywhere.

We have found that the frequency f j �Eq. �7�� at which
each site is visited is higher for the lowest-energy adsorption
sites. Regarding the site-occupation probability Pj �Eq. �8��,
the solution of the master equation has been confirmed to
follow the Maxwell-Boltzmann thermal distribution. This
means that the occupation probability of each adsorption site
is proportional to e−E/kBT, where E is the binding energy of
the site. Again, we notice that the adsorption sites within the
dimers show an occupation probability of about 1 order of
magnitude higher than that of the other sites because of their
large adsorption energy.

Our results show two interesting effects. The comparison
between the In surface diffusion properties on �2 and �2
reveals the effects due to �i� the surface symmetry, which is
lower on �2 than on �2, and �ii� the abundance of As on the
surface. As for the symmetry effects, we find that the �110�
mirror symmetry of �2 introduces an additional binding site
inside the indimer �i2� �see Figs. 8 and 10 in Ref. 13�. More-
over, the symmetry break in �2 by changing the properties of
the symmetry-coupled binding sites �Fig. 5 of Ref. 13� leads
to higher diffusion coefficients and a diminished anisotropy.
As for the trend with the As fraction present on the surface,
we see that the �2 reconstructed WL, which has stoichiom-
etry 0.25 of As, against a stoichiometry of 0 of �2, shows a
reduced diffusion coefficient. This behavior correctly repro-
duces an observed trend, in which the mobility of the In
adatom is found to reduce when the growing surface is ex-
posed to a higher As flux at fixed temperature.35 We show in
this paper that this is very likely due to the increase in the
number of As dimers on the surface, which increase locally
the PES and offers very stable binding sites for the wander-
ing In adatom.

B. Kinetic Monte Carlo results

As anticipated, we complemented our study on In diffu-
sion at the �001� surface of the InGaAs WL by performing
kMC simulations. These simulations besides offering the
possibility to double check the analytically calculated diffu-
sion coefficients and the mean permanence times �whose val-
ues are found to be in agreement with those calculated ana-
lytically� allow us to visualize the trajectories covered by the
In adatom on a macroscopic time scale. By analyzing the
features of the calculated trajectories, some information on
the role played by the reconstruction in influencing the dif-
fusion can be derived. The snapshots of the trajectories cov-
ered in 0.01 s by the In adatom when diffusing on the �2 and
on the �2 reconstructed surfaces are displayed in Figs. 4�a�
and 5�a�, respectively. Two different temperatures, namely,
T=1100 K and T=800 K, are considered. The higher-
temperature trajectory is zoomed onto a length scale of 2
orders of magnitude smaller in the �b� panels of both the
figures, while a further magnification onto the atomic scale is
reported in panels �c�.

When comparing the length scale of Figs. 4�a� and 5�a�, it
appears evident that In diffusion is higher on the �2 recon-
struction than on the �2 one. This observation, in agreement
with the diffusion coefficients �Fig. 1� and the effective bar-
riers �Table I� calculated for the two reconstructions, may
suggest that In diffusion on the �2�4� reconstructed surfaces
can be reduced by increasing the As coverage. This can be
done by reducing the temperature, thus limiting As desorp-
tion from the surface. A temperature decrease causes a fur-
ther reduction in the In diffusion as it is clearly visible if one
compares the extension of the black and the red spots dis-
played in panels �a�, representing the adatom trajectory at
T=1100 K and T=800 K, respectively.

A peculiar feature of the trajectories displayed both in
Figs. 4�a� and 5�a� is represented by their marked elongation,

especially at low temperature, along the �1̄10� direction. This
feature reflects the calculated diffusion anisotropy �Fig. 2�. A
closer inspection at the adatom trajectories �panels �b�� re-
veals that the adatom diffusion on both the �2 and the �2
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The trajectory corresponding to T=1100 K �represented in black in panel �a�� is zoomed onto the nanometer scale in panels �b� and onto the
atomic scale in panel �a�.
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surfaces consists of a series of straight paths of different

lengths running along the �1̄10� direction, which is the direc-
tion of the surface trenches containing the As indimers and
of the surface mountains containing the As ad-dimers �see
panels �c��. The diffusion along the �110� direction occurs
thanks to adatom jumps from one straight path to a neigh-
boring one. By comparing the zoomed trajectories �panels
�b� and �c�� it appears evident that on the �2 reconstruction
�Fig. 4� the In diffusion occurs mainly within the trench,
while on the �2 reconstruction �Fig. 5� In diffusion occurs
both within the trenches and the mountains. Thus, the �2
reconstruction presents additional diffusion channels midway
between the trenches channels. The presence of a denser ar-

rangement of channels of high diffusivity along the �1̄10�
direction may explain the higher diffusion anisotropy calcu-
lated for the �2 reconstruction. Due to the presence of dif-
ferent diffusion channels, we may expect that the two recon-
structions play a different role in determining the location
and the features of the first critical nuclei.

Also, from the analysis of panels �c�, we can see the effect
on the In trajectories at the atomic level of loss of the mirror

symmetry in the �1̄10� in the �2 reconstruction with respect
to the �2 reconstruction.

IV. CONCLUSIONS

The diffusion coefficient has been evaluated for In on
�2�2�4� and �2�2�4� InAs WLs on GaAs. The �2 and �2
reconstructions are stabilized by a high In coverage. The
energy barriers for the diffusion have been extracted from the
ab initio calculated PESs and from them the corresponding
diffusion coefficients have been derived.

First, we compare the diffusion properties of the In ada-
tom on the �2 and on the �2�2�4� reconstructed WLs. We
find that the diffusion coefficient is larger for the �2 recon-
struction, which has one less As dimer, with respect to the �2
reconstruction. We have found that one reason for the lower

diffusion coefficient on �2 is related to the existence of
strongly bonded adsorption sites on these reconstructed �2
�4� surfaces, which are placed inside the As surface dimers,
and �2 has one more of these sites than �2. Also, in general,
the effective barriers calculated for �2 are higher than those
calculated for �2, since the As dimers on the surface tend to
rise locally the PES introducing larger barrier regions. Our
study shows that the inclusion in the adatom transition net-
work of the highly stable adsorption sites within the As
dimers has a relevant effect on the diffusion coefficient, de-
creasing noticeably its value.

Also we find that In diffusion on �2 and �2 is highly

anisotropic with the �1̄10� direction favored over the �110�
orthogonal direction. This is due to the existence of low-

potential channels extending along the �1̄00� direction, with
lower barriers favoring the In adatom motion. Our calculated
anisotropy can be related to experimental observations of

elongated shapes along �1̄10� when growing or overgrowing
InGaAs quantum dots.

Comparing �2 and �2, we found that the diffusion aniso-
tropy is higher in the case of �2. This behavior has been
explained by analyzing the diffusing In adatom trajectories
on both reconstructions. The �2 reconstruction presents an

additional potential channel along the �1̄10� direction per
surface unit cell that—differently from the usual indimer
trenches �Fig. 4�b��—which are also present on the �2, is
located in the As ad-dimer mountains �Fig. 5�b��. The pres-
ence of different surface regions explored by the diffusing In
adatom may result in a different location and arrangement of
the first critical nuclei on the �2 and �2 WL reconstructions.
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