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Extrinsic defects are often found after ion
implantation and annealing of silicon. These da&fect
which can be detected by Transmission Electron
Microscopy (TEM), range from small clusters of
unknown structure to the famous {113}s and to
dislocation loops of two types. While all these etd$
have been observed since decades after specific
implantation and annealing conditions, an unifiéctyse
explaining _whythey are observed after such conditions
was still lacking. Recent efforts in this directidrave
been rendered possible because of the need tovachie
understanding of the diffusion anomalies experidnog
most dopants in silicon in presence of these defect

This work reviews the structure and energetics of
the most often found extended defects in sillicowd a
describes the mechanisms by which all these defeots
in size and transform during annealing. We show tha
these defects grow by interchanging the Si atoreg &ne
composed of, similarly to a classical Ostwald ripgn
phenomenon driving the growth of precipitates. Fidim
insterstitials stable at room temperature they \evahto
very stable clusters of "magic" sizes composed and 8
atoms then transform into rod-like defects elongyate
<011> directions, the {113} defects. This proceas be
conservative or not depending on the eventual poesef
a strong sink such as a recombining surface iwvittirity
of the defects. When the process is conservatiee th
{113}'s do not dissolve but transform into eithesriect
or faulted dislocation loops. Later on, the two deypof
loops compete during growth until only the mostbkta
form survives annealing.

Recent experiments (size invariance, surface
influence etc...) are presented which definetetwprthat
the Ostwald ripening is the only mechanism respneasi
for the growth of all these defects.

The driving force for such an evolution is the
reduction of the formation energy of the defectdhasy
grow in size and/or evolve in type. Fig. 1 is atpl
showing the variation of the formation energieg (& all
these defects as the number of Si atoms they are
composed of increases. The clusters' formationgéeer
are from the experimental work of Cowern et al.\hjle
that of the {113}s and of the dislocation loopse ar
obtained by derivating the total energy of the dif€2).
From this figure one can understand that a large3}1
defect is a sink for the Si atoms emitted by clsstaut a
source of Si for dislocation loops.

In the mean time, large supersaturations of free
Si interstitials (Ci/Ci*) exist in the region, du® the
dynamical equilibrium of point defects with extrins
defects, the amplitude of which is given by the l§5ib
Thomson equation Ci/Ci*=exp(fT). The hierarchy in
terms of defect energy induces an even strongearcigy
of levels of Si supersaturations in the defectargihich
is at the origin of the transient diffusion anorealithat
most dopants encompass during annealing. In the afas
boron which diffuses by pairing with Si interstitathe
diffusivity enhancement boron experiences at 80646
range from 10in presence of clusters to>lid presence
of large {113}'s down to 5-3 in presence of dislica
loops.

Finally, we present a physically based model of
the growth of extended defects which describesnthe
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Figure 1: Formation energy (left axis) of the different typd

extrinsic defects as a function of their size andespondin
values of the Si(int)supersaturation (right axis).

conservative Ostwald ripening of defects in preseofca
recombining surface. The defects emit Si atomsasgsr
that depend on their formation energies and caphem
from the mean supersaturation mean-field. We hasted
the model against some published experimental estuafi
TED and defect evolution. It is, for example, shothat
the famous dissolution of the {113} defects as régmb by
Eaglesham et al. (3) is not an intrisic charadiegf the
defects but results from a lucky combination of
experimental parameters. The model well reprodatles
the experiments reported so far concerning botleaief
kinetics and measured diffusivity enhancements. In
particular, after low energy implantation, the sod of
the wafer may recombine large amounts of free Si
interstitials, driving clusters into dissolution foee
transformation into more stable forms, eventually
detectable by TEM. Consequently, for a typical V &
implant, TED occurs as a short "pulse" at the very
beginning of the anneal. In most practical casess i
found that both defect dissolution and TED are over
during the ramping up of the annealing (see Fig. 2)
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Fig. 2. Evolution of the defect size (dotted)
interstitial supersaturatio as a function of anneali
time during a typical temperaturamp up.
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