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Ki nk defects i n the 90� parti al di s l ocati on i n si l i con are studi ed usi ng a l i near-scal i ng densi ty-matri x
techni que. The asymmetri c core reconstructi on pl ays a cruci al rol e, generati ng at l east f our di st i nct

ki nk speci es as wel l as sol i ton def ects . The energi es and mi grati on barri ers of these enti t i es are
cal cul ated and compared wi th experi ment. As a resul t of certai n l ow- energy ki nks, a pecul i ar

al ternati on of the core reconstructi on i s predi cted. We �nd the sol i tons to be remarkabl
even at very l owtemperature, and propose that they medi ate the ki nk rel axati on dyn

61. 72. Lk, 71. 15. Pd, 71. 15. Fv

The importance of dislocations in semiconductors
hardly needs comment. Inadditiontobeing responsible

for plastic behavior in general, dislocations occur com-
monly at semiconductor interfaces where they can act

attering centers for carriers. In sil-
ts of 60�-edge
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FIG. 1. (a) Topvi ewof the sl i p pl ane of a reconstructed 90�

parti al di s l ocati on. The shaded area i ndi cates the stacki ng
f aul t . Hori zontal and verti cal di recti ons correspond to [110]

and [ 112] di recti ons, respecti vel y. (b) Reconstructi on def ect,
or sol i ton, where the core reconstructi on changes ori entati on.

nal line minimizationperformed exactly [11]. Ground-
state structures were computed by allowing all atomic

coordinates to relax fully (forces less than 5 meV/�A).
edwill be describedbelow; all energies
are given with
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FIG. 3. Core structure of vari ous ki nks and a ki nk- sol i ton
compl ex. Ki nk notati on rel ates to bond reconstructi on on

each si de of the def ect, and i s expl ai ned i n the text. (a) RL
ki nk. (b) LRki nk. (c) LL ki nk. (d) LL� ki nk. (e) RRki nk.
(f ) LRki nk + sol i ton.

right-left (RL) kink, the notation following accordingly
for the other types. The above supercell was used to

the energies for the LRandRLkinks. The lat-
\kinkvector"[14],



TABLE I . Cal cul ated f ormati on energy f or def ects i n the
core of the 90� parti al di s l ocati on i n si l i con. Incl uded al so are

the mi grati on barri ers f or a sol i ton and the l owenergy ki nks.

Formati on energy Mi grati on barri er
(eV) (eV)

sol i ton 1. 31 0. 04
LRki nk 0. 50 1. 87
RL ki nk 0. 50 1. 83
LL ki nka 1. 74 |
LL� ki nka 1. 76 |
RRki nk 2. 04 |

sol i ton +LRki nk 1. 68 |
sol i ton +RL ki nk 1. 63 |

aApproxi mate energy. Def ect i s unstabl e

of the size of the kinkformationenergies andmigration
barriers, andmake a connectionwith the experimental

s. For the velocityof aglidingdislocationwe have,

+Wm)=kT ] ; (5)

k andWm is


