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Elucidating the behavior of BPD partial dislocation pairs
in 4H-SiC using a three-dimensional dislocation dynamics method
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4H-SIC is attracting attention as a next-generation power device material due to its superior electrical
properties. However, basal plane dislocations (BPDs) in the epitaxial layer degrade device performance.
Although most BPDs are converted into threading edge dislocations (TEDs), some BPDs still remain.
Therefore, it essential to elucidate the BPD-TED conversion mechanism. In this study, we investigated
the contraction of partial BPD pairs. We employed the dislocation dynamics method to evaluate the
interaction between the BPDs and the surface. In our computational model, the effects of the surface are
incorporated by combining the dislocation interactions and forces due to stacking faults with the finite
element method (FEM). In the three-dimensional analysis, we evaluated the off-angle dependence of the
configuration of 30°-30° partial BPD pairs. we found that a smaller off-angle leads to a smaller BPD
width and potentially a higher conversion rate. In addition, we clarified that the direction of the Burgers

vectors affects the contraction behavior.
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Fig. 1 Schematic illustration of superposition of stress
in an infinite body and correction stress.
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Fig.2 Burgers vectors of (a)30°-30° partial dislocation
and (b) 30°-90° partial dislocation.
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Fig.3 The relationship between the depth from the surface d

and equilibrium distance weq in 30°-30° partial dislocation and
30°-90° partial dislocation.
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Fig. 4 Schematic illustration of the model used
for 3-dimensional dislocation analysis.
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Fig. 5 Type of Burgers vectors for this calculation.
(a) open toward the surface, (b) closed toward the surface
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(b) Burgers vectors open toward the surface

Fig. 6 Configuration of the 30°-30° partial dislocation pair
at an off-angle of 4°.
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Fig. 7 Relationship between the distance | from the surface
and the partial BPD width w.
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Fig. 8 Correction Stress fields ayCZ and of, around a screw
dislocation and an edge dislocation at an off-angle of 8°.
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Fig. 9 Initial dislocation configuration near the surface.
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