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8.2  Molecular Dynamics Modeling of Atomic Displacement Cascades in 3C-SiC ⎯   
G. D. Samolyuk, Y. N. Osetskiy, and R. E. Stoller (Oak Ridge National Laboratory) 
 
 
OBJECTIVE 
 
The objective of this research is to investigate the damage induced in 3C-SiC under fusion 
irradiation conditions and describe the microscopic origin of the experimentally observed 
phenomena.  
 
SUMMARY 
 
A set of atomic displacement cascades was simulated using the Tersoff and Gao-Weber [1] 
interatomic potentials for SiC.  The types of created defects and their dynamics were analyzed. 
The validity of existing interatomic potentials was investigated by comparing typical point defect 
formation energies with first principles results.  
 
PROGRESS 
 
The purpose of this work is to develop a basic understanding of defect formation and evolution 
SiC.  The most popular interatomic potentials used for SiC are the Tersoff  and modified 
embedded atom (MEAM).  We have previously shown that these potentials significantly 
overestimate the vacancy-interstitial recombination barrier.  In order to demonstrate an 
importance of right recombination barrier value to correct description of defects recombination 
we are planning to simulate cascades with Gao-Weber (GW) potential.  
 
Table 1.  The formation energies (in eV) of interstitials (dumbbells C+-C<100>, C+-Si<100>, Si+-
C<100>, Si+-Si<100> and tetrahedral interstitals CTC  …), antisite defects (CSi, SiC) and 
vacancies (C(V), Si(V)), together with those calculated by ab initio methods. 
	  

Defects     ab initio GW[1] Current  report 
C+-C<100>  3.16 3.04 3.05 
C+-Si<100>  3.59 3.43 3.44 
Si+-C<100>  10.05 7.54 7.75 
Si+-Si<100>  9.32 5.53 5.51 
CTC       6.41 4.65 4.66 
CTS       5.84 4.32 4.33 
SiTC      6.17 3.97 3.98 
SiTS      8.71 6.77 6.79 
CSi       1.32 1.69 1.69 
SiC       7.20 7.79 7.94 
C(V)        5.48 2.76 2.77 
Si(V)       6.64 3.30 3.30 
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The GW potential code was introduced into the LAMMPS molecular dynamics (MD) package. 
The good agreement between MD and first-principles calculated formation energies of twelve 
most typical defects were demonstrated (Table 1).  To improve the weak repulsive of part of the 
GW potential at short distances, we joined the GW with the well-established Ziegler, Biersack 
and Littmark (ZBL) potential at 0.95 Å (see Fig. 1).  
 
 
 

	  

Figure 1.  Repulsive Si-C atoms interaction.  The GW potential is shown by blue color, the ZBL 
by green color and the resulting join potential is shown by red color line. 

 

 
Simulations with 10 keV Si primary knockon atoms have been executed.  The simulation cell 
contains from 80x80x80 unit cells (409600 atoms).  Point defects in SiC consist of interstitials (I) 
and vacancies (V) of both carbon and silicon, as well as antisite defects of C on an Si site (CSi) 
and Si on a C site (SiC).  The carbon defects predominate as shown by the green and purple 
symbols in Fig. 1.  This result is qualitatively similar to that obtained with Tersoff potential  
(Fig. 1b).  However, in contrast to the simulations with the Tersoff potential, the GW potential 
(Fig. 1b) produces almost twice as many C vacancies and interstitials at the time of maximum 
disorder (~0.2 ps) but only about 25% more stable defects at the end of the simulation.  As a 
result the ratio of peak-to-stable defects is much higher for the GW potential.  This result is more 
similar to that observed in metals and oxides.  Only about 20% of the carbon defects produced 
with the Tersoff potential recombine during the in-cascade annealing phase, while about 50% 
recombine with the GW potential.  As discussed in our earlier reports, the energy barrier for 
carbon V-I recombination with the GW potential is much smaller than with the Tersoff potential 
barrier, and is closer to result of first-principles calculation.  On the basis of these result we can 
conclude that GW potential gives a much more realistic description of cascade dynamics in SiC 
and we will use this potential in our continuing work. 
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Figure 2.  Time dependence of the number of point defects observed in MD displacement 
cascade simulations 10 keV pka at 300 K:  (a) Tersoff potential, (b) GW potential. 
 
 
  
The results for cluster size distribution at the end of simulation for both potential are presented 
in Fig. 3.  In our analysis we defined group of point defects as a linked cluster if any of them are 
connected by the distance less then lattice parameter.  Both simulations produce a significant 
amount of pair clusters and ~ 75 % of these clusters correspond to the same atom type I-V pair. 
However if in the case of Tersoff potential all I-V pair clusters correspond to carbon atoms, in 
the case of GW potential the significant part of these clusters corresponds to silicon.  Another 
difference is corresponds to large size clusters distribution.  Thus the in the case of Tersoff 
potential (Fig. 3a) there are only two relatively large clusters containing 19 and 21 defects, in the 
case of GW potential there are four clusters of size 21, 30, 35 and 51 defects.   These large size 
clusters could be discussed as a potential candidate for amorphisation region.  One of these 
clusters containing 51 defects is presented in Fig. 4.  The carbon defects predominate as shown 
by the green and purple symbols in Fig. 4.  The fill analysis of the clusters structure is in 
progress. 

  

  
Figure 3.  Cluster size distribution at the end of 10 keV Si recoil event in SiC at 300 K:   
(a) Tersoff potential, (b) GW potential. 
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Figure 4.  Carbon (green) and silicon (red) interstitials (large spheres) and vacancies (small 
spheres) at the end of 10 keV Si recoil event in SiC.  Blue and purples spheres correspond to 
SiC and CSi antisites, respectively.  
 
 
 
FUTURE WORK 
 
During the next reporting period we are planning to increase the statistics on the simulations of 
the cascades in SiC with GW potential at different temperatures and pka energies in order to 
further assess the impact of the recombination barrier on stable defect formation.  This will 
provide further insight that can be used to correct the current generation of interatomic 
potentials for SiC. 
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