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Because of developing needs in high-power-electric devices, silicon carbide (SiC) attracts much attention
as a base material. In mechanical processing of SiC material, it responds to load in very brittle and hard
manner undesirably, so more knowledge on its elastic-plastic behavior is required. In this study, multiscale
framework of the numerical simulation, in which atomistic method such as molecular dynamics (MD) and
macroscopic particle method are incorporated, is proposed. In particular, we try to use a novel
macroscopic methodology, called peridynamics (PD) fracture mechanics. By performing nanoindentation
test for SiC {111} surface by using MD, some mechanical properties such as elastic moduli and yield
stress and etc. are obtained. By adopting those simulated material parameters and by applying EPS
(elastic-plastic-solid) material model with modification as for strain hardening, PD simulation of
macroscopic indentation test can be conducted. It is found that a “pop-in” behavior, which means the burst
of plastic deformation in the case of MD, is reproduced in PD simulation. It is realized that a critical
stretch, which is one of adjustable parameter for PD, largely affects the results of yielding behavior in
indentation process. Interesting branching or bending of surface cracks (recognized as concentration of
damage) is observed in the PD results, much alike in a similar experiment.
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Fig.1 MD model for nano-indentation(NI) testing (Si shuffle
set case)

Table 1 Nano-indentation simulation conditions by MD

The number of atoms 1152000
d, w, h [nm] 24.7,25.7,18.9
Temperature T [K] 300
Indenter radius R [nm] 8.72
Pushing speed v [m/s] 1.0
Crystal structure of the top {111} Shuffle set plane
surface of silicon
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Fig.2 Crystal structure of 3C-SiC viewed from the direction
perpendicular to {111} plane
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Table 2 Temperature dependence of lattice constant in 3C-SiC
single crystal obtained by NPT-MD

Temperature T [K] 300
Lattice constant [nm] 0.437
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0.440

2000
0.445
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Fig.3 Influence range of indenter and interaction force
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Fig.4 Force-depth curve in nanoindentation test obtained by
MD simulation (both loading and unloading are included)
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Table 3 Calculation conditions for indentation of SiC by
using Peridynamics (PD)

Peridynamics Model (PDLAMMPS) Modified EPS model

The number of particles 372645
Velocity of indenter  V; [m/s] 20.0

Critical stretch sy [-] 0.0005, 0.0010, 0.0015
Horizon 6 [um] 10.1
Interparticle distance [pum] 33

I,h,b [um] 200, 400, 400
Young’s modulus E [GPa] 588
Poisson’s ratio v [-] 0.17

Yield stress (from CRSS) o, [GPa] 70

0y1~0ys [GPa] 75~95
Time increment  [ns] 0.1
Total number of steps 15000
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Fig.7  Force-depth curves obtained by Peridynamics(PD)
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Fig.10 Deformation behavior and damage distribution during
loading when indenter depth is d=30um (50=0.0010, the middle
case), together with interpretation of impression region and
propagation directions of cracks
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