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ABSTRACT

It is considered kinetics of oxygen thermo-donor
states formation in silicon when atomically dissolved
oxygen reacts to form a sequence of kinetically linked
aggregates (complexes). One takes into account oxygen
diffusion and elastic interaction between oxygen atoms.

We obtain analytic homogeneous solution of the
corresponding non-linear kinetic equations and examine its
stability.

It is shown that due to the interaction of oxygen atoms
the homogeneous state becomes unstable at some crystal
temperature domain if oxygen concentration larger than
certain threshold value. Spatial periodical distribution of
oxygen atoms and their complexes develops. Due to
anisotropy of interaction the zones enriched by oxygen
form the periodical situated planes which are perpendicular
some determined direction in crystal. Period of the spatial
periodical distribution unmonotonously changes in range
from 10 to 1000 Å with the parameter variation.
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BASIC EQUATIONS

When crystal temperature is high enough oxygen
atoms dissolved in silicon (their concentration is 1n )
become mobile and form immobile complexes that contains
two, three,…i,… oxygen atoms (their concentrations are

,..,,...,, 32 innn  respectively). To describe formation of

oxygen thermo-donor states one uses of the well-known set
of kinetic equations [1]:
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Diffusion flux of atomically dissolved oxygen is
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We take into account elastic force, F, that acts on
oxygen atoms in point r from other ones and complexes.
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)'(,1 rrV i −  are corresponding interaction energies. 1, +iiγ
 are directly proportional to diffusion coefficient of oxygen
 atoms, D(T). T is crystal temperature in energy units.
 We do not interest of boundary phenomena and use
the cyclic boundary conditions.

ANALITIC SOLUTION FOR
HOMOGENEOUS STATE

Set  (1) - (2)  has the only homogeneous solution:
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This solution answers the following initial state:

01 )0( ntn == , 2,0)0( ≥== itni . It is presupposed

1,1, ++ ≠ jjmm γγ  if  jm ≠ .



 The oxygen atom concentration monotonically
decreases and so 01 nn 〈  for t>0. Therefore if  2,11, γγ 〉〉+ii

for each i>1 the first item in (6)  is much more than others
and one can neglect them. In this case
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When dependence of oxygen atom and complex
concentrations on time is insignificant, i.e.

1)(/ 12,111 〈〈∆=∆ ttnnn γ  we have quasi-stationary state

INSTABILITY HOMOGENOUS
DISTRIBUTION AND FORMATION OF

SPASIAL PERIODICAL ONE

To examine the stability of quasi-stationary
homogeneous solution we use equations (1) - (2)  and
consider the behavior of small fluctuations ),(1 trnδ ,

),( trniδ . Restricting to linear terms in (1), (2) and taking

into account   inntn 〉〉≈ 01 )( ,  i>1  one obtains

 ),(1 trnδ ,  ( )ikrttrni +≅ λδ exp),(

 and dispersion equation:
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Where

T
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parameters and at certain ones ( )cαα =  Reë changes sign

first of all for some certain value and direction of wave-
vector ckk = . In future wave-vector hold just that

direction. V(k) can be expressed in terms of the Green’s
function of crystal. We restrict to the first and the second
terms that describes long-range attraction and shot-long
repulsion. So

 )1()( 2
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 where   B   is of order of several crystal lattice periods.

0V  is function of the crystal volume change and the

modules of elasticity.
When interaction between oxygen atoms becomes

greater than certain threshold value and predominates the
influence of diffusion effect the homogeneous state
becomes unstable. Thus, if small positive fluctuations of
oxygen concentration arise in some plane the rest of oxygen
atoms would tend to be place in the same plane. Due to
anisotropy of interaction the zones enrich by oxygen atoms
and their complexes form the periodical planes
perpendicular some direction in crystal, namely ck .

The bifurcation value of the á obtained from (7) is
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Inhomogeneous distribution period at cαα ≈  is

ck/2π , where
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Numerical evolution shows the value of cα  is slightly

more than 1 and period of heterogeneity changes from 10 to
1000 Å with the parameter variation.

The time of periodical distribution development is
determined by oxygen diffusion and depends on crystal
temperature. Hence the not uniform state can be observed at
some region of temperature. If crystal temperature is the
very high the not uniform state does not develop. But if
temperature is the very low one develops too long.
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