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Abstract
Molecular dynamics based on the environment-dependent interatomic potential
is used to investigate the influence of the nature and distribution of defects
on solid state, homogeneous amorphization of Si. To this end, different
kinds of defects, including single interstitials and vacancies (both uncorrelated
and correlated distributions), bond defects, and small interstitial and vacancy
clusters, have been considered. It is shown that the threshold defect
concentration for amorphization depends on the defect type, and, in the
case of single defects, on the degree of correlation between interstitial and
vacancy distributions. The threshold varies within the interval [0.18–0.28]
atomic fraction, the upper value corresponding to the case of bond defects,
the lower to the uncorrelated distributions of single 〈110〉 split interstitials plus
compensating vacancies.

1. Introduction

Depending on irradiation conditions (temperature, particle energy, mass, fluence, and flux)
crystalline Si (c-Si) may transform into amorphous Si (a-Si) under bombardment with energetic
particles. Ion beam-induced amorphization of Si, an issue which has important consequences
for applications such as dopant implantation or defect engineering in Si-based microelectronics,
has been recently reviewed in [1]. The physical mechanism of such a phase change, as well
as its actual pathway, critically depends both on experimental conditions and on the details
of processes (defect generation, diffusion, recombination, and clustering) which elude direct
experimental observation. The two simple schemes traditionally adopted for describing this
process are the heterogeneous model [2, 3], in which amorphization occurs as the result of
the overlapping of microscopic amorphous regions created by individual ion impacts [2, 3],
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and the homogeneous model [4, 5], in which amorphization occurs when the concentration of
defects reaches the value for which the free energy of the disordered crystal exceeds the free
energy of a-Si. In recent years, atomic scale computational methods allowed for a thorough
investigation of the above phenomena, improving our basic understanding and providing a
picture which is more complex than previously guessed from either the pure homogeneous or
heterogeneous models. Molecular dynamics (MD) based on classical model potentials [6–8]
has shown that heterogeneous nucleation of amorphous clusters plays the dominant role in
low temperature, heavy-ion irradiation, whereas the homogeneous mechanism is dominant in
amorphization induced by high temperature, light-particle irradiation.

An important parameter of the homogeneous model is the threshold concentration of
defects for which the system undergoes a crystal-to-amorphous (c–a) phase transition. This
parameter appears, for instance, in phenomenological models of damage accumulation used
in the simulation of the ion implantation process using the Monte Carlo binary collision
approximation (MC-BCA). The subject has been investigated by performing ideal computer
experiments in which, after the introduction of a definite concentration of defects, the system
is then aged by a MD annealing at relatively high temperature [9–15]. Issues affecting the
amorphization threshold are the model potential, the defect types, and the way the defects are
spatially distributed. In a few cases, interstitials and vacancies [11, 12] and the Stillinger–
Weber (SW) [16] potential were used. More recent investigations [1, 13–15, 17] have focused
on the role of the bond defect (bd), or I–V pair [18, 19], using the Tersoff (TS) [20] model
potential. Most of these studies have investigated the behaviour of constant, homogeneous
distribution of defects or Frenkel pairs. In some cases it has also been shown how the degree
of agglomeration of bd [1, 14, 15] or the presence of an amorphous phase in contact with
a disordered crystal [11] may influence the evolution of the disordered phase towards either
amorphization or crystallization.

In the present work we report a study of defect-induced homogeneous c–a transformation
in Si, using MD and the environment-dependent interatomic potential (EDIP [21, 22]), a model
known to give a good description of local bonding in bulk defects and disordered phases of Si.
The purpose is to show how the threshold defect concentration for the solid state c–a transition
varies with the varying nature of primarily introduced defects, a matter not investigated in
previous works. Defects used to model disorder include different configurations of interstitials
(I) plus compensating vacancies (V) (uncorrelated and correlated distributions), bd, and small
V and I clusters. The results of this study can, we hope, give a more comprehensive picture of
homogeneous amorphization than analyses based on a single defect type.

2. Method

2.1. Preparation of Si supercells with defects

Si supercells of size 10 × 10 × 10 lattice units (1 lattice unit = 0.5431 nm) were populated
with constant concentrations of defects. The population algorithm prevents defect overlapping,
thus ensuring that defects in the initial state are separated. Any recombination and clustering is
therefore the consequence of the MD cycle. The models of the split interstitials 〈110〉 (IS), the
tetrahedral (IT) interstitials, the hexagonal (IH) single interstitials, and the di-interstitial (I2)
and tri-interstitial (I3) clusters obtained from tight-binding molecular dynamics (TBMD)
simulations [23] were considered in this work. An equal amount of vacancies, introduced
as single point defects (V) or small clusters (Vn , with n = 2, 3), is always introduced
to compensate for the interstitials and keep the number of atoms constant in the supercell.
By default, the distributions of vacancy-type and interstitial-type defects are random and
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uncorrelated. In the case of the IS + V and IH + V distribution, we have also investigated
the role of defect correlation, by populating the supercell with I–V pairs instead of independent
I and V distributions. In this case the correlation radius (Cr) is the maximum distance allowed
between the two elements of each pair.

In previous works [1, 13–15, 17, 24, 25], the accumulation of bd was investigated as the
mechanism of amorphization of Si. Introduced as an artificial topological defect for the purpose
of computer generation of a-Si [24], in recent years the bd has been identified by simulation
as a defect which may occur in Si either as the result of incomplete vacancy–interstitial
recombination [18] or as a primary radiation defect [17]. Its properties were investigated by
first-principles methods [19], from which it was found that the bd has a formation energy lower
than other elementary point defects in Si. The results of [18, 19] have been further confirmed
by more recent investigations [26]. Moreover, it was estimated that bd, unlike single vacancies
and interstitials, can be stable for a relatively long time (∼µs) at room temperature [13]. For
comparison purposes, the bd has also been considered in the present study. Since no excess
atoms are introduced by this defect, no compensating vacancies are needed in this case.

Initial lattice coordinates of defects were taken from configurations calculated from TBMD
in 512-atom Si cells [23]. More details on the preparation of defect-containing Si supercells
are reported in previous works [27, 28].

2.2. Molecular dynamics simulation

The aim of MD simulation is to determine whether a supercell populated with a constant,
homogeneous concentration of defects will evolve into a perfect crystal or into a fully
disordered (amorphous) state, once a sufficient thermal budget is supplied. The criterion of
stable amorphization is met when: (i) the potential energy of the disordered phase, annealed
at a relatively high temperature (1000 K in our case), reaches an almost stationary state, well
above the energy of the crystal, and stable for at least 1 ns; (ii) this state, after cooling to 300 K
and equilibration, shows structural properties (pair correlation function, average coordination)
characteristic of the amorphous Si phase. The annealing temperature of 1000 K was selected
taking into account the EDIP-provided value for melting temperature of Si in both crystalline
and amorphous phases [29]. As a matter of fact, at T = 1000 K the crystalline (or defect-
containing) sample is still well within the solid state phase, and any microstructure evolution
observed during present MD runs is not due to self-diffusion liquid-like phenomena. Rather,
it is strictly related to interactions among defects. The standard time cycle used in this work
consists of an instantaneous temperature rise up to T = 1000 K, followed by 0.8 ns annealing
at 1000 K, 0.2 ns cooling down to T = 0 K, and a final 0.02 ns relaxation. This cycle was
applied to all different defects and initial concentrations investigated. Although at this time
the different behaviour due to different defects is already well characterized (see the results
below), the annealing is too short to determine whether the system meets the criterion for
stable amorphization stated above. To overcome this limitation, supercells populated with near-
threshold defect concentrations were annealed for longer times, up to a maximum of 8 ns. This
allowed more quantitatively reliable estimations of amorphization thresholds.

To gently reduce the energy of the system before MD annealing, defective supercells
were subjected to 500 preliminary steps of structural relaxation at vanishing temperature.
Simulations were performed in the bulk, using periodic boundary conditions in the three spatial
coordinates. Results reported in the following were obtained using the NV T ensemble as
a default. N PT (zero pressure, Andersen barostat) conditions were also adopted in some
selected cases, to check their possible influence on the crystal-to-amorphous transition. The
time step for the integration of motion equations was 2×10−15 s. To investigate the dependence
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Figure 1. Potential energy evolution of supercells populated with different concentrations of
uncorrelated IS + V defects during the MD–EDIP annealing cycle (1000 K for 0.8 ns followed
by 0.2 ns cooling to 0 K and 0.02 ns relaxation at 0 K). The increasing values of concentration
corresponding to the curves reported in the figure are 0.05, 0.08, 0.10, 0.11, 0.12, 0.13, 0.14, 0.15,
0.16, 0.20, 0.30, 0.40 atomic fraction.

of the results on the annealing temperature, some runs were also performed at T = 1150 K, a
value still well below the melting point of Si.

3. Results and discussion

3.1. Uncorrelated point defect distributions

As an example, figure 1 shows the potential energy versus time evolution during the standard
1000 K MD cycle (NV T ensemble) for different initial concentrations of randomly distributed
and uncorrelated IS + V defects. Similar runs were performed for IH + V, IT + V and bd
distributions, and the energies both after population plus relaxation (upper curves) and after an
MD cycle plus a quench (lower curves) are reported in figure 2 as a function of the initial
concentration of defects. Statistical uncertainties of results (error bars in the figure) were
evaluated via multiple runs using different sequences of pseudo-random numbers in the defect
population algorithm. The variance is rather small (�10−2 eV) for conditions well below and
well above the regions where the curves rise, whereas is larger (up to 2–3×10−2 eV) for defect
concentrations which fall close to the transition regions.

Data of figure 2 clearly indicate that the threshold defect concentration which separates
crystallization and amorphization regimes depends on the defect type. On the other hand,
figure 1 shows that after 0.8 ns at 1000 K, the potential energy of supercells is in most cases still
decreasing, even for concentration values well above the rising point of the curves in figure 2.
To investigate this issue, a series of 8 ns cycles (not shown) were run. As mentioned previously,
amorphization is assumed to occur if the energy reaches a typical value (∼−4.2 eV/atom at
1000 K for the EDIP) which remains stable for at least 1 ns. According to this criterion,
we estimated the following threshold concentrations: 0.18 ± 0.01 atomic fraction in the case
of IS + V, 0.21 ± 0.01 in the case of IH + V and IT + V, 0.28 ± 0.01 in the case of bd.
The comparison of these values with the apparent transition regions of the curves in figure 2,
indicates that an annealing for �8 ns is necessary for reliably estimating the threshold for
stable amorphization. It was found that the above results do not change on using the N PT
ensemble at constant zero pressure. To further check the influence of temperature, NV T runs
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Figure 2. Potential energy of the supercells after defect population and 0 K relaxation (upper
curves) and after an MD cycle and a quench (lower curves), reported as a function of the initial
concentration of uncorrelated IS + V, IT + V, IH + V and bd.

at 1150 K were also performed for both bd and IS + V populations. No sizable difference from
the thresholds determined with the 1000 K cycle was observed.

The threshold determined for supercells populated with bd is slightly higher than previous
results based on the Tersoff force field [9, 13], whereas the value determined for the IT + V
distribution is lower than that found in [12], using the SW model potential. This is probably
a consequence of the stronger tendency in the SW model for reconstruction of the tetrahedral
symmetry of c-Si in comparison with the EDIP or TS potential cases [8].

The amorphization threshold can be influenced both by energetics and kinetics, in
particular the competition between defect clustering and recombination. A full characterization
of defect kinetics by means of MD–EDIP is beyond the scope of the present work; however,
in order to better understand some observed trends in amorphization, we performed some MD
cycles on supercells containing a few I–V pairs only. The main results of these observations
are the following: (i) an I–V encounter can lead either to defect annihilation or to the formation
of a bd, according to a mechanism very similar to the one originally discovered from TBMD
simulations [18]; (ii) once formed, a bd remains immobile at 1000 K and can survive for times
up to ∼1 ns, before annealing by bond switching. The upper curves reported in figure 2 show
that, just after defect insertion and relaxation, there is no appreciable difference in energy of
supercells populated with IH+V, IT+V and IS+V. The differences in amorphization thresholds
observed from MD should then be ascribed to differences in defect kinetics. We found that the
relative probabilities of pair annihilation or bd formation upon I–V encounters depend on the
interstitial type and on the direction of I–V approach. In particular, there is a high chance of bd
formation for close IS–V pairs in which the vacancy occupies one of the two neighbour sites
lying along the direction perpendicular to the dumb-bell. Such a probability is significantly
lower for close IS–V pairs where the vacancy is in one of the two sites in the direction parallel
to the dumb-bell, and all possible configurations of close IH–V and IT–V pairs. Due to the
remarkable stability of bd, a higher probability of formation of this defect, as compared to I–V
annihilation, acts as a mechanism of damage stabilization; this can explain the slightly higher
amorphization threshold observed for IS + V, in comparison with IH + V and IT + V defect
population.
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Figure 3. Pair correlation functions of supercells with the initial concentration of 0.2 atomic fraction
of IS + V, after the long (8 ns) 1000 K treatment plus quench, and subsequent equilibration at
300 K. The curve relating to the computational sample is compared with the experimental, room
temperature g(r) of well relaxed amorphous Si produced by ion implantation and low temperature
annealing [30, 31].

On the other hand, the lower initial energy of supercells containing bd in comparison with
those populated with I + V (see the upper curves in figure 2) is the main reason for the lower
amorphization threshold observed in the latter case. From the point of view of kinetics, V–V
and I–I clustering contributes to keeping the energy and the disorder of supercells populated
with I + V distributions above those of supercells populated with bd during annealing.

For defect concentrations above the threshold, the system evolves towards a fully
disordered state with an energy after 8 ns long annealing, a good 0.18 eV/atom above the
energy of the crystal, and with properties independent both of the nature and of the initial
concentration of defects. Quench rates up to four times slower than the standard 5000 K ns−1

were also tested, but they were not found to affect the properties of the final state. N PT
simulations gave for this phase an amorphous/crystal density ratio equal to 0.97 and an average
coordination (calculated with a bond cut-off radius of 0.3 nm) of 4.07. The pair correlation
function g(r) at 300 K, calculated with 8 ns cycles from an initial distribution of 0.20 IS +V, is
in fairly good agreement with the experimental g(r) of well relaxed amorphous Si [30, 31], as
shown in figure 3. The small differences in location of the peaks are similar to those reported
in a recent study [32] performed with the TS potential, and reflect the difference between
simulated and experimental coordination numbers; the latter is 3.88 for the experiment reported
in figure 3.

An intermediate state, appearing as a heterogeneous mix of heavily damaged and nearly
crystalline domains, is observed after 0.8 ns for defect concentrations in between 0.12 and 0.16
in the case of IS + V, and 0.22 and 0.24 in the case of bd. This can be seen in figure 4, which
shows 〈100〉 views of annealed and quenched supercells with initial IS + V concentrations
(a) below, (b) close to, and (c) above the transition threshold. Configurations such as the one
in figure 4(b) evolve as a result of intrinsic statistical fluctuations in defect concentration and
damage coarsening mechanisms and clearly represent unstable states, as shown by the strongly
negative slope of the energy versus time curves after 0.8 ns (figure 1). These configurations are
observed to decrease their energy and disorder upon further annealing, until a final state similar
to the one shown in figure 4(a) is eventually reached after several ns. Their instability at the
relatively high temperature of 1000 K does not exclude the possibility that they can survive for
a very long time at lower temperature. As an example, the configuration of figure 4(b) was
further annealed for 8 ns at 700 and 300 K. While its energy is found to decrease continuously
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(a)

(b)

(c)

Figure 4. 〈100〉 views of supercells with different initial
concentrations of uncorrelated IS+V defects, after the standard 0.8 ns
at 1000 K MD cycle plus quench to 0 K. Initial defect concentrations:
(a) 0.05, (b) 0.14, (c) 0.2 atomic fraction. (This figure was produced
with the free software AtomEye [38].)

also during 700 K annealing, indicating that it would recrystallize at times t � 8 ns, no change
at all, either in energy or in structure, is observed after 8 ns at 300 K.

3.2. Correlation in the point defect distribution

Results of figure 2 show that the threshold for solid state, defect-induced homogeneous
amorphization of Si depends on the nature of defects introduced in the lattice. In particular,
a large difference is found between the cases involving I (IS, IH, IT) + V defects, on one hand,
and an bd population, on the other.
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Figure 5. Effect of correlation in IS and V distributions on the potential energy evolution versus
time, in the case of an initial defect concentration of 0.16 atomic fraction. The correlation radius Cr

is the maximum distance allowed between IS and V in each Frenkel pair.

Although MD simulations [17] have shown that the bd can also be generated as a primary
radiation defect in Si, its main formation mechanism is likely to be by I–V coupling [18].
As described in the previous section, the formation of bd may be observed using MD–EDIP
as an intermediate step to I–V recombination, its probability depending on the defect type
and direction of I–V approach. If bd is basically the product of I–V coupling, a homogeneous
distribution of such defects can be thought of as the result of the evolution of a I+V distribution
with strong correlation between I and V, i.e. a distribution where each vacancy is much closer
to the interstitial originating from the same displacement event than to other defects. Under
these conditions, the probability of I–V interaction (and therefore of either bd formation or
I–V annihilation) is much larger than the probability of V–V or I–I clustering. A distribution
of correlated I–V is expected to better represent the experimental situation encountered during
electron beam irradiation. In fact, in this case, individual scattering events producing lattice
defects are well separated in space, whereas the energy transferred in nuclear collisions is
typically low. Under these conditions, the majority of primarily induced defects can be assumed
to be correlated I–V pairs which are found close one another after the recoil atom has dissipated
the low momentum gained from the energetic electron. Correlation was introduced in IS + V
and IH + V distributions, as described in section 2.1, and simulations for different values of Cr

were performed. Two kinds of distributions were considered due to the different probabilities
for bd formation, as pointed out in the previous section. The behaviour of IT + V, not reported,
was found very similar to that of IH + V.

As an example of the correlation effect, figure 5 shows the potential energy versus
time for both uncorrelated and correlated IS + V distributions, for the case of an initial
defect concentration of 0.16 atomic fraction. The results corresponding to the same initial
concentration of uncorrelated IS + V and bd are reported for comparison. As expected, I–
V correlation increases the probability of defect annealing, thus increasing the amorphization
threshold as well. At the relatively high defect concentration of 0.16, the effect of correlation is
large just in the case where the vacancy is a first neighbour of the interstitial (Cr = 0.239 nm).

Figure 6 reports the full transition curve of the strongly correlated (Cr = 0.239 nm) IS + V
and IH + V distributions, compared to the curves for uncorrelated IS + V and bd. The energy
after the preliminary static optimization decreases upon the introduction of defect correlation.
It is lower for correlated IS + V pairs than for IH + V, but in both cases remains well above the
energy introduced by bd.
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Figure 6. Effect of I–V correlation on the transition between crystallization and amorphization
regimes.

After 0.8 ns of annealing, for defect concentrations below the transition to amorphous,
the final energies (and residual defect concentrations) of supercells populated with strongly
correlated I + V are equal, within the statistical uncertainty, to those populated with bd. As
the defect concentration increases above �0.17–0.19 atomic fraction, the damage after MD
for correlated IS + V and IH + V distributions suddenly increases, leading in both cases to
a lower amorphization threshold. The excess energy of I–V pairs in comparison with bd, the
larger strain introduced in the lattice, and the consequent stronger increase in mutual interaction
upon increasing concentration are the probable reasons for the collapse of the crystal structure
occurring at a lower defect concentration. Moreover, it is observed that, despite the higher
initial energy, correlated IH + V pairs give a slightly higher threshold than IS + V. In this
case defect kinetics, in particular the different probability of close pair I–V annihilation in
comparison with bd formation, already discussed in the previous section, is responsible for the
observed difference.

3.3. Population with point defect clusters

To investigate the effect of introducing small clusters in place of single defects, supercells were
populated with distributions of I2 and I3 defects, compensated by uncorrelated distributions of
vacancies. The latter can be in the form of single V, V2, or V3 clusters. The structural models
of I2 and I3, once again determined by means of TBMD [23], are the same as those described
in [28]; V2 and V3 are obtained by simply removing two neighbour lattice atoms, and one atom
and two neighbours, respectively.

Figures 7 and 8 show the transition curves of the supercells populated with I2 and I3,
respectively, compensated with V, V2, or V3 defects. These data are compared with the
transition curves of the uncorrelated IS +V and bd distributions. An effect of introducing defect
clusters and increasing their size is the decrease of the initial energy of supercells. This effect
is not large and its amount varies from case to case. On the other hand, a significant increase
in the amorphization threshold is observed with increasing size of clusters. Amorphization
thresholds found for population with I2 and I3 clusters fall within the interval bounded on the
lower side by uncorrelated IS + V and on the upper side by bd distributions.
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Since the differences in initial energies seem in some cases too small to determine the
observed shift in the transition, we have looked in more detail at the defect kinetics. To
this end we followed the dynamics of single, isolated defect clusters, and observed that
vacancy clusters Vn , n = 1, 3, do not move on the timescale of ∼1 ns, whereas I2 and
I3 have mobilities very close to that of IS. Such a high mobility is probably the cause of
the increase in the amorphization threshold. If we consider each cluster as one defect and
keep the total number of I (and V) constant, the concentration of defects is smaller when
populating with I2 and I3 than when populating with IS. For a lower concentration of larger
objects with similar mobility, it may be expected that the recombination due to encounters
between I and V aggregates, each containing more than one defect, will lead to a higher rate
of defect removal, and therefore to an increase in the amorphization threshold. The result is
then influenced by the mobility of clusters, which depends on the model potential. Recent
temperature-accelerated TBMD simulations have shown that I2 has a diffusivity comparable to
the mono-interstitial in Si over a wide temperature range [33]. For I3, apparently contrasting
results have been obtained [33, 34]. The relative mobility of interstitial clusters compared to
single interstitials, as determined using MD–EDIP, appears in agreement with TBMD findings
for I2, whereas it could be overestimated (according to [33]) for I3. In the latter case the
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homogeneous amorphization threshold for supercells populated with I3 could be overestimated
as well.

4. Connection with experiments

Due to the idealized conditions under which MD simulations are performed, it is not easy to
make a direct comparison with irradiation experiments. In reality, out-of-equilibrium, non-
homogeneous configurations of lattice damage (such as the one schematized in figure 4(b))
can survive at low temperature and accumulate on a timescale that is �8 ns, as an
effect of prolonged irradiation. These and other effects are not considered in the simple
simulation scheme used here. Nevertheless, if we refer to conditions which better approximate
homogeneous defect generation, i.e. irradiation with swift light ions, or electrons, the results
reported here represent a useful reference for the interpretation of experiments.

A clear experimental demonstration of purely homogeneous amorphization of Si is still
lacking. Even for electron beam-induced amorphization, observed during low temperature,
in situ irradiation in the transmission electron microscope [35], it has been hypothesized that
the presence of embryos in the form of small interstitial clusters is necessary to trigger the
crystal-to-amorphous transition [36]. The interpretation of these experiments is complicated by
effects such as ionization-enhanced defect diffusion [37] and the presence of surfaces, defect
sinks, and traps which may considerably alter the defect kinetics, favouring defect annealing
in comparison with clustering, and thus making the amorphization conditions more difficult
to reach.

What we have shown in this work is that the defect concentration leading to lattice
amorphization may vary depending on the nature of defects introduced in the lattice and on the
way they are distributed. In comparison with previous works, which focused on the case of a
single defect type, our results, we hope, give a more comprehensive picture of the phenomenon,
allowing a more conservative estimate of the amorphization threshold, a physical parameter
very important for predicting the stability of the Si lattice upon irradiation.

5. Conclusion

In this work it is shown that the threshold defect concentration for homogeneous solid state,
defect-induced amorphization of Si, as modelled by MD–EDIP, depends on the nature of
defects, and on the way they are distributed in the lattice. As regards the latter issue, the
investigation considers the effects of I–V correlation and of the introduction of small In

(n = 2, 3) and Vn (n = 2, 3) clusters in place of single defects, while assuming in all cases
a constant, homogeneous distribution of individual defects or Frenkel pairs. In general, both
energetics and kinetics influence the amorphization threshold: this usually increases as the
energy introduced in the supercell by defect population decreases. However, defect kinetics
(competition between defect recombination and clustering, or bd formation) appears in some
cases the main factor responsible for the different thresholds observed for different initial
defect distributions. The threshold defect concentration for amorphization was found to be
within the interval [0.18–0.28] atomic fraction, the upper value corresponding to the case of
bd, the lower to the totally uncorrelated IS + V distribution. Increasing the correlation between
I and V increases the amorphization threshold. This is due to the increasing probability of I–V
encounters in comparison with I–I or V–V clustering. In the case of maximum correlation (all
V first neighbours of I), the crystal–amorphous transition curves undergo an appreciable shift
towards the curve corresponding to the bd population, but the amorphization thresholds remain
lower. This is a consequence of the higher energy and strain introduced by strongly correlated
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I–V pairs in comparison with bd. The case of bd gives therefore an ideal upper estimate of the
threshold defect concentration for homogeneous amorphization of Si. Populating with small
defect clusters (I2,3, V2,3) increases the threshold to above the one observed for single-defect
distributions. This effect is probably influenced by the high mobility of I2 and I3, as foreseen
by means of MD–EDIP.
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