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The formation, interadion, diffusion, and
clustering of defed elementsin utra high purity siliconis
a key issue in the development of microeledronic device
manufaduring and crystal growth methods, as well as
with recent nano-scde materials physics phenomenon. As
an aid in discussing the range of physicd phenomena to
be emphasized in this review, we present in Fig. 1 a
schematic representation of how the interadion of native
point defeds with impurities, dopants, and process
ambients is coupled to device yield on large diameter
slicon wafers via spedfic extended defeds and
predpitates. We start our discussion with impurities, see
top d Fig. 1, which are onveniently separated into two
groups acording to their level of chemicd and eledrica
adivity within the slicon host lattice Thus, we have
metallic impurities on the left, which are fast diffusing
and, particularly for iron, are dways considered
deleterious to devices, even at concentrations of 10'%cm’,
Whereas the group including oxygen, cabon, and
nitrogen impurities on the right play a more mmplex
“good guy/bad gwy” role with regard to devices, based in
large measure upon their propensity for forming silicon
oxide based predpitates. These predpitates function
either as eledron/hole recombination centers, particularly
bad for high voltage and photovoltaic devices, or as
beneficial gettering centers which reduce the unwanted
metallic impurities. Much of the chalenge in silicon
substrate technology for the past 25 yeas has been, and
continues to be, in creaing oxide predpitates with a
uniform size and density and pasitioning them just below
a defed-freg metalic impurity-freg denuded zone
dedicaed to device functions. Although this internal
oxidation/impurity trapping process known as intrinsic
gettering, occurs gontaneously during conventional
Czochralski wafer therma sequences, it is grongly
coupled to the locd balance of vacancies and interstitials,
as well asthe presence of carbon or nitrogen.

Somewhat more spedficdly in Fig. 1 we note in the
inner annular ring that vacancies, self interstitials, and
interstitial oxygen lead to the formation of a group of
extended defeds highlighted within individual elli pses as
predpitate, dislocation loop, staking fault, and void.
These are the micro-scde features that can be delineaed
by a variety of wafer-scale diagnostic todls and then
correlated with individual device properties. Their
interdependenceis due largely to the nea doubling of the
volume of an oxide predpitate over that of the host sili con
lattice This produces dressrelieving dislocaion loops as
well as a locd flux of intergtitials, which form extrinsic
stacking faults. In addition, because of their negative
impad on gate oxide integrity, recent interest has focused
on the mndensation of vacancies during crystal growth
into octahedra voids, commonly observed as crystal

Fig.1 Global Modd for Interadion of Point Defects,
Impurities, and Extended Defedsin CZ Silicon

originated pits(COPs). Thus, in this report our primary
materials gience objedive is to examine how vacaicies
and self interstitials initially complex with oxygen(or
nitrogen) to from nanoscde aggregates which either
become sili con oxide predpitates or COPS. A secondary
and more pradicd nano-scde defed engineeing god is
to review the options for controllably manipulating point
defeds and impurities via novel dopant and/or thermal
processng for 300mm and larger substrates.

Recently two basic and fundamentaly different
approaches to using point defeds to control oxygen
predpitation have gpeaed, see papers in [1,2]. Both
procedures depend on the fad that, athough the
concentration of oxygen is more than three orders higher
than that of vaaancies, it is adualy the vacacy
concentration that enables one to control the oxygen
predpitation. In the first approach, nitrogen dopng
during crystal growth (N-CZ), at alevel comparable to the
vacancy concentration, is used to creae N-V complexes
which serve to simultaneously reduce the size and density
of voids and to enhance the nucleaion of oxygen
predpitated 3]. The second approacdh, cdled the MDZ or
magic denuded zone process operates on individual
wafers via the rather elegant instalation of a
depth-dependent, oxygen predpitation controlling,
vacancy profile. This processuses an ~1200C RTP anned
to erase the defed history of the a- grown ingot. Whether
N-CZ or MDZ wafers are eventually adopted by the IC
device @mmunity remains to be seen. One thing that is
certain, however, is that for 450mm crystals the required
materials <ience understanding for ead will be gredly
enhanced by efforts to develop acarrate mmputer models
and simulations to predict the point defed behavior such
that nanoscde defed engineeing options are optimized.
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