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Volmer-Weber Growth of CdTe on Silicon: A One-Dimension
Monte Carlo Model
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In the last few years intense efforts have been devoted to the growth and characterization of semiconductor
nanostrucutures. In particular, quantum dots of CdTe grown by hot wall epitaxy on Si(111) substrates constitute
a very interesting example. CdTe/Si systems follow the Volmer-Weber growth mode with nucleation of 3D
CdTe islands on the Si substrate even for less than one monolayer of evaporated material. In the present work,
we proposed a simple one-dimension model to reproduce a very peculiar behavior observed in the quantum dot
height and size distributions at distinct temperatures. The model, which includes CdTe deposition, diffusion,
and revaporization, qualitatively reproduces these distributions. Moreover, the width distributions suggest a
transition from Stranski-Krastanow growth mode at lower temperatures to Volmer-Weber growth mode at higher
temperatures.
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I. INTRODUCTION

Semiconductor quantum dot structures have atracted a lot
of attention in recent years due to their potential technolog-
ical applications. The greater part of the processes used to
grow these structures are governed by the transition from two-
to three-dimensional growth regime driven by the strain en-
ergy accumulated in the epitaxial layer [1-7], the Stranski-
Krastanow (SK) growth mode. Ferreiraet. al. considered the
growth of CdTe quantum dots (QDs) on Si(111) substrates us-
ing hot wall epitaxy (HWE) technique. It was observed that
the system follows the Volmer-Weber (VW) growth mode,
with nucleation of isolated CdTe 3D islands on the Si even
for just 0.6 monolayers (ML) of deposited material [8].

Ferreiraet. al. [8] investigated CdTe samples grown on
Si(111) with distinct growth times and substrate temperatures.
The effects of temperature can be observed in Fig. 1, in which
three AFM images of samples with 1.6 ML of evaporated ma-
terial grown at (a)200, (b) 250, and (c)300 ◦C are shown.
One can see an increase of the QD numbers accompanied with
a decreasing of the QD sizes as temperature increases. These
results show a very peculiar behavior of mean dot density and
size: the first one increases while the second one decreases
as a function of increasing growth temperature. Both quan-
tities have the opposite behavior from that observed for self-
assembled dots grown under the SK mode [9-11].

FIG.1. Effects of temperature in the QD structures. Samples with 1.6
ML were grown at (a) 250, (b) 250 and (c) 300◦C.
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FIG.2. Quantum dot size distributions for the samples shown in
Fig. 1. The solid lines correspond to two-peak Gaussian fits.

The QD size distributions for the samples shown in Fig. 1
are drawn in Fig. 2. Independently of temperature, all samples
show a bimodal distribution for the QD diameters which can
be fitted by two-peak Gaussian functions (solid lines). This
bimodal distribution is commonly observed in many systems
undergoing SK growth mode [3, 9]. It is important to men-
tion that similar distribution behaviors are found for the QD
heights. As one can see, as the growth temperature increases
the curves shift to smaller diameters meaning that the number
of small dots increases while the number of large ones de-
creases. According to this work, the main difference between
SK and VW growth modes lies in this behavior of the dot size
and density distribution as functions of temperature.

In our knowledge, this property of CdTe QD size distrib-
utions was reported by the first time in reference [8] and the
layer mechanisms related to problem are not well understood .
Therefore, this leads us to proposed a model for the deposition
of CdTe on Si(111) including CdTe diffusion and revaporiza-
tion. The main features of the model are the different rules for
diffusion and revaporization of CdTe on the initial Si substrate
and CdTe on previously deposited CdTe layers.
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The paper layout is the following. Section 2 describes the
model and the procedures used in the simulations. In section
3, the simulational results are presented and discussed in the
light of the experiments. Finally, some conclusions are drawn
in section 4.

II. MODEL

The Si(111) substrate is represented by a one-dimensional
lattice with L sites and periodic boundary conditions. The
Si adatoms are not able to diffuse or evaporate while three
processes are considered for CdTe: deposition, diffusion and
revaporization. The substrate height at the sitej, i.e., the num-
ber of CdTe adatoms on this site, is represented byh j .

1. Deposition. CdTe adatoms are deposited on the sub-
strate at a constant rateR1. In the deposition, a site is
chosen at random and its height is increased by a lattice
unity.

2. Diffusion. The diffusion of CdTe is selected (but
not necessarily implemented) at a rateR2 given by a
Arrhenius-like expression

R2 =
d∗kBT

h
exp(−Edi f /kBT), (1)

whered∗ is substrate dimension andEdi f is the effective
energy for the diffusion activation. The value ofEdi f

is of the order of 1 eV. However, the diffusion can be
implemented or not with probabilities which depend on
the local configuration. For each tentative, a particle
chosen at random hops from its positionj to one of its
neighborj ′ with probability

Phop =
{

pn+∆h if ∆h > 0
pn if ∆h≤ 0,

(2)

wheren is the number of CdTe-CdTe bonds of the par-
ticle j, ∆h≡ h j ′ −h j + 1 is the difference between the
initial and final height of the particle, andp∈ (0,1) is a
parameter.

3. Revaporization. The revaporization, which occurs at
a rateR3, consists of the exclusion of the highest de-
posited CdTe adatom in a randomly chosen column.
Similarly to the diffusion, the revaporization rate is
given by a Arrhenius-like law

R3 =
d∗kBT

h
exp(−Evap/kBT), (3)

whereEvap is the effective energy for the revaporiza-
tion. Again, this process will be implemented or not
with probabilityqn, where the parameterq∈ (0,1). For
sake of simplicity, we usedq = p = 0.1 in all simula-
tions.

The simulation procedure is the following. At each time
step, one of the three processes deposition, diffusion, or re-
vaporization is selected and, if the case, implemented with
probabilitiesP1, P2, andP3, respectively, and the time is in-
cremented by∆t = 1/L. These probabilities are normalized
and proportional to the correspondent rate, i. e., are given by

Pi =
Ri

∑3
j=1Rj

. (4)

III. RESULTS

In all simulations, we considered temperatures correspond-
ing to those of the experiments, namely,200− 400 ◦C. The
experimental device provides a constant deposition rateR1 =
0.32 ML/min. It was observed that no CdTe remains in the
substrate for temperatures higher than400 ◦C. Considering
this observation, one can estimate the activation energy for
the revaporization. Using this experimental evidence and that
material must remain on the substrate forT ≤ 300◦C (Fig. 1),
we estimatedEvap in the interval1.60−1.70 eV. Precise in-
formations about the activation energies for the diffusion are
not available, but we expectEdi f < Evap.

The effect of temperature is illustrated in Fig. 3, in which
T was varied in the interval200−380◦C. Notice that for the
higher temperature (T = 380 ◦C), desorption becomes dom-
inant in quantitative agreement with the experiments. For
T ≥ 250◦C, the profiles exhibit QDs that apparently increase
in number and decrease in width as the temperature increases.
This is a typical feature of the VW growth mode observed in
CdTe/Si (Fig. 1) and similar systems [12].
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FIG.3. Effects of temperature on the interfaces with 1.6 ML of
evaporated CdTe. The temperatures used were (a)T = 200 ◦C, (b)
T = 250 ◦C, (c) T = 300 ◦C, and (d)T = 380 ◦C, while the other
parameters werep = q = 0.1, Evap = 1.65eV, andEdi f = 1.3 eV.

The height and width distributions of the QDs were evalu-
ated for distinct temperatures. In order to determine the QD
heights and width, each dot was fitted by a quadratic polyno-
mial null at both of its extremities. The heights are assumed as
the curve maximum. In Fig. 4, the distributions obtained us-
ing this method are drawn. As in the experiments, the height
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distributions were fitted by two-pick Gaussian curves. As the
temperature increases, the curves become sharper and the cor-
respondent peaks shift to smaller heights. In other words, the
number of small QDs increases while the number of the larger
ones decreases. This qualitative behavior was observed for
CdTe/Si system. The QD width distributions have a similar
qualitative behavior at higher temperatures (figure 4(b)), but
the data are poorly fitted by two-peak Gaussian curves. In-
deed, after the initial increase, the distributions decay expo-
nentially for large width values, as can be seen in the inset
of Fig. 4(b). The same asymptotic decay was found for the
height distributions.
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FIG.4. (a) Height and (b) width distributions for distinct tempera-
tures. In inset, width distributions are drawn in semi-log plots be-
coming neat the asymptotically exponential decays. The solid lines
correspond to the nonlinear fits. 1.6 ML of evaporated material,
Pvap= 1.65eV, Pdi f=1.3 eV, andp= q= 0.1 were used in all curves.

An important aspect observed in the width distributions is
the curve inversion as the temperature increases (Fig. 4(b)).
Comparing the distributions forT = 200◦C andT = 250◦C,
one can see that the first curve is sharper than the second
one. But, comparing the distributions forT = 250 ◦C and
T = 300 ◦C, the opposite is observed. This suggests a tran-
sition from SK to VW growth mode. Rigorous simulations
show the QD width increases in the low temperature regime,
a signature of the SK growth mode, and decreases for the high
ones, a characteristic of the VW growth mode. In CdTe/Si ex-
periments only the decreasing regime of the QD mean width

was observed. However, the mean height is always a decreas-
ing function of temperature in agreement with VW mode. Ad-
ditional experiments at lower temperatures should be executed
in order to verify if SK-like growth is also present in CdTe/Si
systems. Notice that these data quantitatively disagree with
the experiments because the growing mean width regimes
were not experimentally observed in the interval200−300◦C
(Fig. 1). Indeed, is not surprising a quantitative disagreement
between experiment and simulations since we used a 1d model
to study a 2d system.

IV. CONCLUSIONS

In the present work we studied a one dimensional model for
the growth of CdTe quantum dots (QDs) on Si substrates. The
experimental system follows the Volmer-Weber (VW) growth
mode, with nucleation of CdTe dots on the Si surface [8] for
less than one monolayer of deposited material. AFM analysis
of the samples showed that the size and density of QDs can
be controlled by properly adjusting the growth temperature.
These quantities exhibit opposite behavior when compared
to that (behavior) observed in systems following Stranski-
Krastanow (SK) growth mode used in almost the totality of
the growth of semiconductor nanostructures. In the present
model, CdTe adatoms are deposited on a one-dimensional Si
substrate. The model includes also thermally activated diffu-
sion e revaporization of CdTe atoms. The central feature of
the model is the differences among the diffusion and evapora-
tion rules for CdTe particles on Si substrate and CdTe particles
on other previously deposited CdTe layers.

Even this over-simplified one-dimension model revealed
several fundamental features present in the experiments. In
the range of temperature corresponding to that of the exper-
iments, the patterns exhibit island nucleation with width and
height distributions in qualitative agreement with those ob-
served in the experiments. The main model ingredient that
originates the QDs is the difference between diffusion and
revaporization rules for CdTe on the initial Si substrate and
CdTe on the other previously deposited CdTe particles. For
high temperatures, the QD size distributions shift to smaller
sizes and the number of smaller dots increases while the num-
ber of larger ones decreases, a feature which agrees with the
experimental observations and has been assigned as a charac-
teristics of the VW growth mode. However, the model pre-
dicts an inversion of this behavior for lower temperatures, a
feature which is a characteristic of the SK growth mode. Such
a transition from VW to SK growth mode at low tempera-
tures has not been observed experimentally. At the light of
the model, the origin of this transition lies on the following:
For lower temperatures, a particle on the Si substrate diffuses
for a long time before its revaporization, resulting in an in-
creasing chance to reach and aggregate to a previously de-
posited island. The result is the layer by layer (SK) growth
mode. However, for larger temperatures, the particle evapo-
rates shortly and, consequently, only those deposited near to
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or on a CdTe island have a significant probability to remain on
the substrate, leading to the VW growth mode.
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