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1 Introduction sured by averaging the microscopic values with the Boltz-

; : o ; ; ann factor. In this sense the diffusion coefficient is di-
e e  luences e dualecty reated t the spatil motion of the parices. Emstei
defects, such as octahedral voids or networks of large st derived that the diffusion coefficiedt;,y can be writ-
location loops can be detrimental to the functionality of d 2N
vices. Both type of defects result from the interaction of 10, . 9
intrinsic point defects, vacancies and self-interstitials dur- Dry = ¢35, {@1v(to) = Try (1)), (1)
ing growth and subsequent annealing of the crystal. Inor- ) . ) i .
der to qualitatively describe the formation of microdefectéherezr,v (¢) is the position of a particle (interstitial (1) or
in crystalline silicon, a detailed understanding of intrinsk@cancy (V)) at timef and(.) denotes averaging with the
point defects is necessary. probability function. Since we cannot compute the average
Modeling of defect dynamics in silicon crystals durin@“thou" knowing the probability function, we use the alter-
growth requires the description of physical phenomena R@five formulation
different length and time scales. Continuum balance equa- ) 1 . . 9
tions are used to describe the distribution, transport and ki- ~ Drv = lim 6 —to) (Zrv(to) = Zrv(t)” (2
netic interactions of point defects, either vacancies or self- 0
interstitials, throughout the crystal as a function of the locahd approximate this by
temperaturé. These equations contain highly temperature- 1
dependent material properties, which describe atomistic Dy~ ———
events, such as the diffusion of a self-interstitial through the T 6(t—to)

silicon lattice or the recombination of a vacancy with a self-, , large enough this gives a good approximation to the
interstitial. The absence of direct experimental measutg ision coefficient.

ments oflint(insic point defect propertiﬁs at high tempefrf‘he procedure is now as follows: Starting from an initial
tures make it necessary to compute these properties WotHsiqyration of a perfect crystal with one self-interstitial or

atomistic simulations based on empirical or semiempiri cancy, we perform a moiecular dynamics run of several

atomistic models. Here, the microscopic quality of the Cry$angseconds at a given temperature in a periodic box. The

tal is given by the intrinsic point defect concentration. In og, ling to a heat bath is simulated by the Bdkermo-
?neorlé%glg?%rsrgzrr]rﬂggesi?%ﬁg%%ss %ggeejeog?;ee(:tsol[‘zrn%?al‘c’gg%-‘fg The position of the single point defect is tracked over

- y P iflle. Its identification is achieved by checking the local en-
Stillinger-Weber and Tersoff are performed and the te

erature dependence of the diffusion coefficients for s '[onment of each particle for variations from the perfect
P " P o S8&irahedral structure. The resulting trajectory of the point
interstitials and vacancies is computed.

defect is afterwards corrected with respect to the periodic
2 Computational Method boundary conditions and smoothed by a low-pass filter to
Simple pair potentials like the Lennard-Jones interactié?‘énove jocal fluctuations, see Fig.1 (left). From this data
i - . . b 9.
= : . functionry v (t) = (Z1,v(to) — Zr,v(t))” is computed,

are not sufficient for theé5|mulat|on %té;ovalent SySteMgiy 1 (right). Linear regression results in an approximation
Here, Stillinger and Web€rand Tersoff™ proposed new ot the diffusion coefficient at this temperature according to
empirical potentials consisting of two- and three-bogyation (3). As one can see in Fig.1 (right), large fluctu-
terms. Both potentials stabilize the diamond structure gions ofr(£) imply the necessity for molecular dynamic
low pressure. Stillinger and Weber fitted the incorporatgghs with long time intervals in order to minimize the error.
parameters to give good agreement with experimental choice of the simulation parameters is therefore a com-
for the melting point and the liquid structure. The pararzomise between large system sizes to reduce finite size ef-

eters of the_Tersoff pptential are fitted_to correc'gly répPriscts and an acceptable computation time for the necessary
duce cohesive energies and the elastic properties of ﬂhysical simulation time.
the

con. We use both potentials for molecular dynamics in
(NVT)-ensemble to compute the diffusion coefficients & Numerical experiments
self-interstitials and vacancies.

Macroscopic values in the canonical ensemble can be

(Z1v(to) — Frv(1)”. (3)

mWe_decided to use a system size of 1000 particles in a
periodic box of length2.67nm, which is larger than that



b2 0.4 06 0.8 1 T2 0 02 04 06 1 T2 14 1.6

08
t [ns] t [ns]

Fig. 1: Left: The x-coordinate of the trajectory (points) of a self-interstitial and the x-coordinate of the periodically corrected trajec-
tory (dashed line). Right: Functiary (¢) (solid line) and resulting linear fit (dashed line).
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Fig. 2: Left: Diffusion coefficients for interstitials computed with Stillinger-Weber and Tersoff potential and linear fits. Right:
FunctionsD; (T'), comparison of our results with the results of M. Tang. Sinnd® and D. Maroudas.

used in most of the literature3° This leads to a density ofuncertainty of each data point itself can only be minimized
2.44¢ /cm® conforming to the specifications given in. by increasing the simulation time. The resulting more accu-
The resulting diffusion coefficients for a self-interstitial aate data can be used to transfer the point defect dynamics
several temperatures computed by the method describedhe atomistic level to the macroscopic process simula-
above with either the Stillinger-Weber or the Tersoff pdion of silicon crystal growth. This can result in an opti-
tential are shown in Fig.2 (left). Since the temperature deization of this process and the ability to produce crystals
pendence of the diffusion coefficient is expected to show@frimproved quality.

Arrhenius behavior
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