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Atomic Structure of Faceted 23 CSL Grain Boundary in Silicon: HRTEM and
Ab-Initio Calculation
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{112} 23 CSL grain boundary in silicon was investigated by high-resolution transmission electron microscopy (HRTEM)
and ab—initio calculation. A {112} >3 CSL boundary consisted of two segments which differed in atomic structure. The segment
near the corner and connected to {111} 23 CSL boundary showed symmetric structure and the other long segment, which was the
distant and away from the corner, showed asymmetric structure. It was shown that the asymmetric structure is more stable than
the symmetric one. In the symmetric segment a 5-fold coordinated atom presented, which elevated the structure energy of the
boundary and produced a new state in the band gap.
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(a) A high-resolution image of wide view of a silicon {112}>3 CSL grain boundary, and magnified segmental images of (b)

near the connecting corner to the {111}23 CSL boundary and (c) long central region.
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(b) atomic model
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(a) A structure image of the {112} 23 CSL boundary and (b) a geometrical atomic structure model superimposed on (a). (c)

Relaxed structure of [110] and (d) [111] projection obtained by ab—initio calculation. Index “R” denotes the atoms of the single a-

tomic columns.
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(a) before relaxation
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Fig. 3 [111] projection images of (a) a geometrical atomic structure model and (b) a relaxed structure obtained by ab—initio calcu-

lation.
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(b) atomic model
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(a) A structure image of the {112} 23 boundary near the connecting corner to the {111}>3 CSL boundary and (b) a ge-

ometrical atomic structure model superimposed on (a). (c¢) Relaxed structure of [110] and (d) [111] projection obtained by ab—initio
calculation. Index “R’’ denotes the atoms of the single atomic columns and index ‘‘5’’ denotes the atoms with 5—fold—coordination.
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(a) Calculated DOS of bulk silicon crystal (dotted line) and the {112}23 CSL boundary with 5—fold—coordinated atoms (solid

line), and the partial charge densities of (b) unoccupied and (c) occupied states in the band gap.
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