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Kink defectsinthe 90° partial dislocationinsiliconare studied using alinear-scaling density-matrix
techni que. The asymmetric core reconstruction plays a crucial role, generating at least four distinct
kink species as well as soliton defects. 'The energies and mgration barriers of these entities are
cal cul ated and conpared with experinent. A a result of certain lowenergy kinks, a peculia
al ternation of the core reconstruction is predicted. We find the solitons to be remarkabl
even at very lowtenperature, and propose that they nediate the ki nk rel axation dyr
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FIG. 1. (a) Bpviewof the slipplane of areconstructed 90°
partial dislocation. 'The shaded area indicates the stacking
fault. Horizontal and vertical directions correspond to [110]

and [112] directions, respectively. (b) Reconstruction defect,
or soliton, vhere the core reconstruction changes orientation.
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FIG 3. (bre structure of various kinks and a ki nk-soliton
conpl ex. K nk notation relates to bond reconstruction on
each side of the defect, and is explainedin the text. (a) RL
kink. (b) LRkink. (c¢) ILLkink. (d) LL* kink. (e) RRkink.
(f) LRkink + soliton.
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TABLE I. (alcul ated formation energy for defects in the
core of the 90° partial dislocationinsilicon. Included also are
the mgration barriers for a soliton and the l owenergy ki nks.

Fornation energy  Migration barrier

(eV) (V)
soliton 1.31 0.04
LRk nk 0.50 1.87
RL ki nk 0.50 1.83
LL ki nk* 1.74 —
LL* ki nk® 1.76 —
BR Kk nk 2.04 —
soliton +LR Kk nk 1.68 —
soliton +BL kink 1.63 —

*Approxi mate energy. Defect is unstable
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