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Influence of reactive defects on size distribution of one-dimensional islands is studied by means of kinetic
Monte Carlo simulations in combination with an analytical approach. Two different models are examined: a
model with anisotropically diffusing atoms irreversibly aggregating to islands, and a reversible model close to
thermal equilibrium which allows atom detachment from islands during the growth. The models can be used to
simulate island growth of group III metals deposited on the Si�100�2�1 surface at room temperature: Al, Ga
�irreversible model�, and In �equilibrium model�. We demonstrate that concentration of the reactive defects
0.0025 per site may change the island size distribution from monomodal to monotonically decreasing in the
case of the irreversible model. At concentration �0.005 defects per site, a difference between results of the
studied models is suppressed by the influence of the defects and similar island size distributions are obtained.
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I. INTRODUCTION

Anisotropy of crystal surfaces often results in growth of
one-dimensional �1D� nanostructures upon deposition of mo-
bile adatoms. Formation of such single-atom-wide islands is
a subject of both experimental �1–7� and theoretical �3,7–12�
research as a model of 1D self-organization. Experimentally,
the scanning tunneling microscopy �STM� provided island
size distributions for several systems of 1D islands �3,7,8�.
Various theoretical approaches were used to explain the ex-
perimentally quantified morphologies: kinetic Monte Carlo
�kMC� simulation �3,8,10,13�, rate equations �11�, and ana-
lytical derivation from thermodynamic consideration �10�.

Besides other systems of 1D assembling, group III metal
atoms deposited on the Si�100�2�1 surface attracted atten-
tion. In this case, formation of 1D chains of dimerized atoms
was explained by a surface mediated reaction �14�. Experi-
ments showed that islands composed of group III atoms with
larger atomic radii �In, Tl� are unstable at room temperature
�1,2,4,15�, while those with smaller atomic radii �Al, Ga�
form stable islands �3,14�. Based on STM observation, Albao
et al. reported monotonically decreasing size distribution
�MDSD� of Ga islands grown on the Si�100�2�1 surface
�3�. Such a form of the distribution is rather surprising, be-
cause in the case of low-coverage irreversible island growth,
generally monomodal distribution is expected, independently
on island geometry �16,17�. Albao et al. interpreted the
MDSD by means of kMC simulations using an irreversible
model with strong anisotropy in combination with presence
of so-called prohibited zones along islands �Fig. 1�. Later,
their experimental data �3� were interpreted by Tokar and
Dreyssé �10� by using a qualitatively different model. In the
latter case, the MDSD was obtained as a result of reversible
growth under thermal equilibrium. This model contains one
parameter only—metal atom pair interaction energy between
the nearest neighbors in a metal chain. By fitting this single
parameter Tokar and Dreyssé �10� obtained the same statis-
tics as measured by Albao et al.

Even though perfect periodic surface of a crystal is com-
monly used in theoretical studies, defects are always present
on real surfaces. The defects can be classified as line �e.g.,
step edges, domain boundaries� or point defects �e.g., mol-
ecules of adsorbate, step kinks, missing atoms�; reactive �act-
ing as nucleation centers� or inert with respect to adsorbed
atoms. Especially in the case of highly mobile adsorbate, all
stages of growth may be governed by presence of defects, as
demonstrated for growth of two-dimensional islands �18�.
Therefore, it is important to understand how various defects
influence surface adsorption, nucleation and growth of nano-
structures.

In the case of the Si�100�2�1 surface, C-type defects,
interpreted as dissociated water molecules �19–21�, are com-
monly observed on the substrate. It was demonstrated both
by experiments and ab initio calculations �4,15,22,23� that
the C-type defects represent preferred nucleation sites for
deposited atoms. For the first time, the C defects were ac-
counted for in simulations in Ref. �13� in the case of irre-
versible model applied to Ga growth on Si�100�2�1. A re-
versible model taking into account nucleation on defects was
recently used to simulate growth of In islands on the
Si�100�2�1 surface �8�. However, role and impact of the
defects remained under discussion �8,13,22�. Another ex-
ample of point defects pinning 1D islands can be found at
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FIG. 1. A schematic illustration of a model with prohibited
zones �crosses� along islands �shaded�. Mobility of metal adatoms is
much higher in direction parallel with 1D islands than in perpen-
dicular direction. The arrows indicate tendency of adatoms either to
be attached to island ends or repelled from the prohibited zones.
The asterisk marks the position where a single adatom is trapped
between two prohibited zones.
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adsorption of metal atoms on vicinal Pt surface �5–7�. On Pt
surface, step edges are decorated by diffusing adatoms, as-
sembling to 1D islands along step edges. Step kinks, repre-
senting the most stable sites for deposited atoms, play a role
of the reactive defects.

Here, we analyze an influence of reactive defects on low
coverage growth ��0.1 monolayer, ML� of 1D atomic is-
lands. Two different models are studied, irreversible and
close-to-equilibrium one, respectively. The goal was to di-
minish number of parameters without loosing accuracy. As a
result, important processes are identified and risk of “cor-
rect” results obtained by an “incorrect” simulation with too
many parameters is reduced. From the irreversible model, we
extracted important processes and defined a simple model
utilizing capture zones. A model with diffusion restricted to
one dimension, which reflects the surface anisotropy, is
tested. For the close-to-equilibrium model we solved equilib-
rium conditions taking into account nucleation on defects
and neglecting diffusion pathways. The approximative meth-
ods are compared to “exact” results of kMC simulations.

We use growth of the group III metals deposited on the
Si�100�2�1 surface with C-type defects as an example of
growth of 1D islands strongly influenced by reactive defects.
However, such an approach can be easily adopted to other
systems with growth of 1D objects.

II. MONTE CARLO IMPLEMENTATION

A kMC implementation of the standard activation dynam-
ics �17� was used for simulations. A lattice was orthogonal
with occupancy of each cell equal to zero or one. In the
model, anisotropy is included by means of distinguished di-
rections perpendicular �� � and parallel � � � with respect to
orientation of 1D islands, respectively. Rates ��,� of hopping
processes were calculated using equation

��,� = �0 exp�− E�,�

kT
� , �1�

where �0 is the frequency prefactor, k is the Boltzmann con-
stant, and T is the temperature. Activation energies for jumps
in both directions are calculated at each position occupied by
an adatom with respect to the nearest neighbors �NN�,

E�,� = E�,�
0 + N�Eattr − N�Erep + ND�EattrD, �2�

where E�,�
0 is the energy barrier for a jump of an isolated

atom in the direction perpendicular or parallel to island ori-
entation, respectively; N�,� is number of NN in perpendicular
and parallel direction, respectively; Eattr is the attractive en-
ergy of a bond within a 1D island; Erep is the repulsion
energy in positions along islands; ND� is a number of NN
reactive defects in the parallel direction and finally EattrD is
the bonding energy between a defect and adatom. A similar
model �except for the last term in Eq. �2�� was previously
used for simulations on the defect-free lattice �10�.

One-dimensional islands composed of group III metals
are not formed in the nearest neighborhood in � direction,
but are separated at least by a distance of 2a, where a
=0.384 nm is surface unit cell spacing. This can be ex-

plained by lack of dangling bonds on the sites neighboring to
the positions occupied by an island. There are two possible
ways how to include this feature easily into a model. First,
by means of prohibited zones, which exclude NN� positions
along 1D islands from diffusion pathways. Diffusion re-
stricted by the prohibited zones and by strong anisotropy is
schematically illustrated in Fig. 1. Second possibility is to
decrease dramatically adatom lifetime at the NN� sites,
which practically excludes nucleation of islands with spacing
1a. Observation of adsorbate dynamics on In deposited
Si�100�2�1 surface at regime close to saturation coverage
�0.5 ML� indicates that mobile adatoms can overcome occu-
pied and prohibited zones �15�. So far there is no experimen-
tal evidence of a real mechanism at low coverage available.
Therefore, we tested both suggested possibilities.

In all presented kMC results, we used deposition param-
eters close to the values typically used in experiments: 0.08
ML of atoms were deposited with rate 0.002 ML s−1. Tem-
perature was set to 300 K. A frequency prefactor value of
1013 s−1 was used. Array of 512�512 positions with peri-
odic boundary conditions was used for calculation. If neces-
sary �small volume of statistical data in case of large island
growth�, averaging over several runs was performed.

III. RESULTS AND DISCUSSION

A. Irreversible growth with anisotropic diffusion

1. Model without prohibited zones

Figure 2�a� �squares� shows the island size distribution
simulated by the kMC model with highly anisotropic diffu-
sion parameters �E� =0.4 eV and E�=0.81 eV for compari-
son to Ref. �3�� and without reactive defects. Irreversibility is
assured by setting Eattr to a high value, so that no decay of
islands takes place during simulation. Repulsion energy was
set Erep=0.8 eV. The distribution is monomodal as usual in
a standard irreversible growth by aggregation of diffusing
adatoms �16,17�. The corresponding concentration of islands
is N=�N�s�=0.0024 ML where N�s� is concentration of is-
lands with a size of s. A change in the distribution when
reactive defects are placed on the surface prior to deposition
of adatoms is shown in Fig. 2�b� and 2�c�. In Fig. 2�b�, defect
concentration �defined as ratio of number of defects and
number of available sites� is 0.0025 ML, which is compa-
rable to the island concentration N after deposition of the
same coverage on the surface without defects; in Fig. 2�c�
the defect concentration is doubled, 0.005 ML. The defect
concentration of 0.0025 ML �Fig. 2�b�� results in a signifi-
cant change in the island size distribution—number of small
islands increases and the distribution is monotonically de-
creasing. With increasing concentration of defects the distri-
bution decreases more steeply with s and at a value of 0.005
ML becomes exponential �dashed line in Fig. 2�c��. The Fig.
2 shows that monotonicity of the size distribution can be
reached as result of presence of reactive defects without in-
troducing prohibited zones to the model.

This finding is opposite to the result of Ref. �13�, in which
it is argued that defects could not be responsible for mono-
tonicity of size distribution. The main reasons mentioned in

KOCÁN et al. PHYSICAL REVIEW E 80, 061603 �2009�

061603-2



�13� are: �i� at observed concentration of the defects �0.003
ML� just about half of islands nucleated on the defects,
which makes the effect significant but not dominant; �ii� a
strong influence of defects is limited to islands with weak
bonding between adatoms; �iii� if the defects represent nucle-
ation sites, island size distribution would reflect the size dis-
tribution of corresponding capture zones, which is mono-
modal. Next we discuss all points listed above in the view of
our results. �i� At defect coverage of 0.0025 ML �see Fig. 3�,
island density is 0.0044 ML, of which 0.0024 ML �0.0020
ML� are terminated �not terminated� by defects. It means that
	55% of islands are nucleated on defects, the rest is “self-
nucleation,” which is comparable to �13�. Yet, the distribu-
tion is monotonically decreasing, as shown in Fig. 2�b�. A
model explaining the calculated distribution is discussed be-
low. �ii� Even in the case of irreversible growth �Fig. 2� the
distribution becomes monotonically decreasing upon intro-
ducing defects. Fast diffusion �in one direction� compared to
deposition rate allows adatoms to find reactive defects in
amount sufficient for qualitative change in the distribution
function. �iii� The size �area� distribution of capture zones of
randomly deposited defects on the surface is monomodal in
the two-dimensional case. However, in a strongly anisotrop-
ical system �as the studied one� the capture zones are rather
one-dimensional. Then, the size �length� distribution of the
capture zones is exponentially decreasing, as we further dis-
cuss in this section.

Growth with nucleation on defects is in a way analogical
to growth with nuclei created by irreversible reaction with
atoms of the substrate �24�. In that case, defect concentration
�probability of finding a defect� is replaced by probability of
the reaction with a substrate atom. The important difference
is that number of defects available is decreasing during the
growth, while number of sites available to the reaction with
substrate atoms �24� is almost constant in the low coverage
regime. In both cases, the size distribution is monotonically
decreasing.

The concentration of islands N depends linearly on con-
centration of defects D, as shown in Fig. 3 �squares�. A slope
of the linear fit �dashed line� is 0.9 and in the studied regime
about 90% of defects are occupied by islands independently
on defect concentration.

Furthermore, we discuss in detail a reason of a change in
the island size distribution in case of surface with defects
�Figs. 2�a�–2�c��. The activation energies used in the above
simulation correspond to strongly anisotropic diffusion. A
degree of the anisotropy can be defined as a ratio of the
relative jump rates in parallel and perpendicular directions,
respectively, R� /R�=exp��E�−E�� /kT�
8�106 at room
temperature. Considering a free isolated adatom, the corre-
sponding average diffusion distance �parallel with islands�
between two consecutive jumps in the perpendicular direc-
tion would be �R� /R�
3000 positions, which is comparable
to a common width of a terrace on real surfaces experimen-
tally observed. We assume that due to the high anisotropy,
the two-dimensional surface can be reduced to a one-
dimensional representation: 1D array of sites which can be
empty or occupied either by an adatom or by a defect. To
mimic the C-type defects on Si�100� surface, one side of
each defect is randomly selected as reactive and the opposite
one as inert �23�. Random deposition of the defects divides
the 1D array into “boxes” separated by the defects. From the
basic probability theory, distribution of the box length b is
� exp�−�b�, where � is the number of boxes per unit length.
Adatoms impinging to such a box cannot escape. Assume
that all atoms deposited to a particular box aggregate and
form an island �we call such case the limit of fast diffusion�.
Then, a size of the island formed in the box is proportional to
the length of the box, because on average F�b atoms im-
pinge into the box of length b, where F is the deposition flux.
Finally, the island size distribution is proportional to the ini-
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FIG. 2. �Color online� Island size distributions obtained by kMC simulation using the anisotropic irreversible model without prohibited
zones �squares� and by a simple 1D “toy” model �solid lines�. Concentration of reactive defects on the surface is 0 �a�, 0.0025 �b�, and 0.005
ML �c�. With increasing defect concentration, the distribution changes from monomodal to exponentially decreasing. The exponential fit is
shown in �c� by dashed line.
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FIG. 3. �Color online� Dependence of concentration of islands
on concentration of reactive defects �squares�. Dashed line is a lin-
ear fit. Data obtained from kMC simulations using an anisotropic
irreversible model without prohibited zones.
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tial distribution of box length, i.e., exponentially decaying.
In order to test a validity of the used simplification—

restriction to 1D model and the limit of fast diffusion—we
used a simple “toy” Monte Carlo model. Initially, the surface
is represented by a 1D array of sites onto which defects are
randomly distributed. During growth, the only parameter
representing diffusion is a length of 1D capture zone lC—all
atoms deposited into the zone �within the distance lC from a
reactive defect or island� are trapped by this reactive site. In
more detail, the following steps are repeated: �i� an adatom is
randomly deposited, �ii� if there is a reactive defect or island
in a distance l� lC from the deposited adatom, the adatom
attaches to the nearest of such positions, otherwise, a new
island of size 1 is established. The simulation terminates
when desired coverage � is reached. The results of the “toy”
simulations �obtained with fitted value of lC=460� are com-
pared to kMC “exact” simulations in Figs. 2�a�–2�c� �solid
lines�. A very good agreement demonstrates that the simpli-
fications used in the “toy” model are justified for the studied
case. Figure 2�b� represents a critical situation when lC is
comparable to average spacing between neighboring defects
D−1, where D is the concentration of defects. If lC�D−1 �Fig.
2�c��, all adatoms deposited into a box surrounded by two
defects belong to the same capture zone and create a single
island. Thus, the limit of infinite diffusion is reached by the
defect concentration even if ratio of hopping rate and depo-
sition flux is finite.

2. Model with prohibited zones

The monotonically decreasing size distribution of Ga is-
lands was previously obtained as a result of a model with
strongly anisotropic diffusion in combination with prohibited
zones �3�. Albao et al. obtained a good agreement with their
experimental data for diffusion barriers E� =0.4 eV and E�

=0.81 eV �for parallel and perpendicular diffusion, respec-
tively�. Concentration of diffusing �free� atoms in such a case
is high and nucleation of new islands is enhanced.

Figure 4 �squares� shows the influence of increasing de-
fect concentration, as calculated by the kMC model, after
introducing prohibited zones �3�. All parameters are set the
same as used to calculate data shown in Fig. 2. Compared to
the model without prohibited zones �Fig. 2�, a higher amount
of smaller islands is formed. Due to the adatom repulsion
from the prohibited zones �marked by arrows in Fig. 1� at-
tachment of adatoms is limited. Considering the anisotropic
diffusion, deposited adatoms can be trapped in a gap between
two prohibited zones �marked by asterisk in Fig. 1�. The
trapped atom cannot attach to any of the existing islands
until it jumps in perpendicular direction �which is a rare
event due to the large diffusion barrier in this direction� or
another atom is randomly deposited to the gap. The resultant
island concentration N is shown in Fig. 5 �squares� as a func-
tion of defect concentration. The dependence is linear
�dashed line� with slope close to 1.0.

In the kMC model described above, there are two zones
prohibited for diffusing atoms along each 1D island �the pro-
hibited zones are marked by the crosses in Fig. 1�. The zones
can be effectively introduced to the “toy” 1D model by gen-
erating two zones per a new nucleated island at random po-
sitions within the 1D array �see the process marked “A” in
Fig. 6 for illustration�. Results of such simulations are shown
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FIG. 5. �Color online� Dependence of concentration of island on
concentration of reactive defects �squares�. Dashed line is a linear
fit. Results of kMC simulation using anisotropic irreversible model
with prohibited zones.
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FIG. 6. Schematic illustration of processes used in the “toy” 1D
model. Arrow marked “A”—formation of prohibited zones
�crosses� at random positions when new island nucleates. Dotted
crosses show positions where the prohibited zones would appear in
a 2D model. Arrow marked “B”—random redeposition of adatom
�ball� simulating jumps between adjacent rows.
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in Fig. 4 �dotted line�, the agreement is not very good. An
explanation is that the 1D simplification fails when prohib-
ited zones are introduced—jumps of adatoms trapped be-
tween two prohibited zones take place even if time constant
of such a process is high �
4 s when E�=0.81 eV�. Such
escape jumps can be effectively modeled by random redepo-
sition �removing and depositing again� of an adatom, as
schematically illustrated in Fig. 6 by the arrow “B.” Indeed,
after introducing the random escape with a time constant of
4 s to the “toy” model, a better agreement with kMC is
obtained �Fig. 4, solid lines�. The agreement confirms that
low rate processes can be introduced to the toy model with-
out need of “exact” hopping event-based kMC simulation,
which usually requires significant computational time, espe-
cially in the case of highly diffusive atoms.

B. Close-to-equilibrium model

In this section, we consider systems with decaying islands
growing on the substrate by means of reversible processes. If
allowed to relax sufficiently long time, a morphology does
not depend on preparation condition �deposition rate�. For
atoms of group III elements deposited on Si�100� decay of
islands at room temperature was reported in the case of In
�4,23� and Tl �1,2�. On a perfect substrate, monotonically
decreasing size distribution was reported as a result of ther-
mal equilibrium reached by reversible processes �8,10�. In
case of the equilibrium, all competing processes are in bal-
ance and the island size distribution can be derived analyti-
cally with a good approximation for low coverages
��0.1 ML�. A detailed balance condition gives

N�s + 1��DET = N�1�N�s��ATT, �3�

where N�s� is the number of islands of size s, �DET is the
detachment rate and �ATT is the attachment rate, i.e., the rate
of jumps to a position where atom is bonded to an island.
The left side of Eq. �3� represents decay rate of islands of
size s+1 and the right side represents growth rate of islands
of size s+1 by means of attachment of diffusing adatom to
islands of size s. The condition of detailed balance results in
expression for the distribution N�s�

N�s� = N�1��N�1�
�ATT

�DET

�s−1�

=
�DET

�ATT
exp�s � ln�N�1�

�ATT

�DET
�
 . �4�

From a normalization condition �sN�s�=�, where � is the
coverage, N�1� can be calculated,

N�1� = �	 + 1 − �2	 + 1�/�	�ATT/�DET� , �5�

where 	=2��ATT /�DET. Evidently, the distribution N�s� is
always monotonically decreasing in the case of thermal equi-
librium.

It should be noted that the distribution N�s� depends for
given � only on the ratio �ATT /�DET. The rates �ATT and �DET
can be calculated using Eq. �1� with activation energies for
diffusion �Edif� and atom detachment �Edet=Edif +Eattr�, re-
spectively. For the identical frequency prefactors of both
thermally activated processes, we obtain �ATT /�DET
=exp��Edet−Edif� /kT�=exp�Eattr /kT�. In the other words, the
distribution N�s� depends only on bonding energy between
the nearest neighbors in the 1D island. Thus, diffusion pa-
rameters of free adatoms �hopping rates� do not influence the
distribution of island size, once equilibrium is reached �but
the time of establishing the equilibrium depends of course on
the diffusion parameters�. This is in agreement with results
derived from thermodynamical consideration of the relaxing
system previously �10�.

In Fig. 7�a�, kMC results are compared to an analytical
solution of Eq. �4�. In the kMC simulation, the activation
energies were calculated using Eq. �2�. Energy of NN atom
interaction within an island was set to Eattr=Edet−Edif
=0.22 eV in both cases, the same as the value used in Refs.
�8,10�. Values of diffusion parameters E� =0.64 eV and E�

=0.62 eV were taken from Ref. �8� and deposited islands
were allowed to relax 3 h after deposition at room tempera-
ture. A good agreement of kMC and analytical distributions
confirms that the simulated morphologies are close to the
thermal equilibrium.

Next, we focus on influence of reactive defects on the
distribution in the thermal equilibrium. Figures 7�b� and 7�c�
show kMC results for different concentrations of defects,
0.0025 �b� and 0.005 ML �c�. The monotonically decreasing
character is preserved, slope of the distribution is steeper in
the case of higher defect concentration. Resulting depen-
dence of island density N on defect concentration is linear
with slope 0.65, as shown in Fig. 8.

The balance condition �Eq. �3�� can be modified for a
system with the defects. The distribution is divided into two
parts corresponding to a population of islands pinned by de-
fects, Nd�s�, and nonpinned islands, Nn�s�, respectively. The
detailed balance condition is expressed by equations

Nn�s + 1��DET = Nn�1�Nn�s��ATT, �6�
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FIG. 7. �Color online� Island size distributions obtained by kMC simulation using the close-to-equilibrium model �squares�, compared to
analytical solution �solid lines�. Concentration of reactive defects on the surface is 0 �a�, 0.0025 �b�, and 0.005 ML �c�.
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Nd�1��2DET = Nn�1�NfreeD�ATT, �7�

Nd�s + 1��DET = Nn�1�Nd�s��ATT, �8�

where �2DET is the detachment rate of an adatom from a
defect, and NfreeD is the concentration of defects not occu-
pied by islands. Normalization conditions are �sNn�s�
+�sNd�s�=�, and D=�Nd�s�+NfreeD, where D is the defect
concentration. Resulting distributions for both Nn and Nd are
again exponentially decaying for Nd�2. The distributions
Nn�s�+Nd�s� calculated for different defect concentrations
are compared to kMC simulations in Figs. 7�b� and 7�c�.

In our kMC simulations, we use a high value of interac-
tion energy between a defect and an island, in agreement
with experiment and ab-initio calculation �23�. In such case,
�2DET→0 and all defects become occupied by islands in
equilibrium, NfreeD=0. We note that for higher defect con-
centrations �	0.01 ML�, some of the defects �	10%� ran-
domly placed on 2D lattice are so close to each other that
some of pinned islands would grow in unfavored proximity
with spacing of a in the � direction. Therefore, number of
“active” defects is then lower than D.

It is interesting to mention that distributions obtained for
surface with �0.005 ML of reactive defects are in fact the

same in the case of irreversible anisotropic aggregation �Fig.
2�c�� and in the case of the equilibrium system �Fig. 7�c��.
The presence of the reactive defects may suppress differ-
ences between results of the different models. It demon-
strates a need of a careful interpretation of experimental data
obtained for growth at presence of surface defects. For the
correct interpretation, experimental data additional to island
size distribution are required, e.g., size fluctuation of selected
islands.

IV. CONCLUSION

Two different models of 1D island growth were used to
study an influence of reactive defects on size distribution of
islands—the irreversible model with anisotropic diffusion
and the equilibrium model with balance between attachment
and detachment of atoms. In the case of the irreversible
model, a nontrivial single-parameter simplification to 1D
model with capture zones was applied, sufficiently reproduc-
ing “exact” results of kMC simulation. If average defect
spacing is smaller than size of the capture zone �	5�102 in
the studied case�, the growth becomes controlled by the de-
fect concentration only. The distribution of island size
changed from monomodal to monotonically decreasing at
concentration of defects comparable to density of islands on
the surface without defects �0.0025 ML of defects for depos-
ited amount 0.08 ML�. In the case of the equilibrium model,
we derived an analytical solution of island size distribution
taking into account preferred nucleation on defects. Indepen-
dently on defect concentration, the distribution is exponen-
tial. At a defect concentration of 0.005 ML, irreversible and
equilibrium models give a similar island size distributions,
depending only on amount of atoms and defects deposited on
the surface.
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