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Towards the control of defect states in Si crystals for functional solar cells
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Extended defects such as grain boundaries and stacking faults are a key issue for high
performance photovoltaic and/or electronic devices fabricated with Si crystals, since they
would modify the electronic properties. In order to control the defect states for the fabrication
of functional devices, the structural properties of the defects, as well as their optoelectronic
properties such as the possible presence of defect levels, should be understood with a high
spatial resolution simultaneously with a high spectral resolution. In the present work, we have
determined 1) the interaction of dopant atoms with stacking faults and 2) the formation of
electrically—inactive Cu precipitates, by means of transmission electron microscopy, atom probe,
and ab-initio calculations.

1) The width of a stacking fault ribbon bound by a pair of partial dislocations increased when
n—type dopant atoms (P, As, or Sb) segregated nearby the ribbon. The increase was explained as
the reduction of the stacking fault energy due to an electronic interaction between the ribbon
and the dopant atoms segregated at the ribbon. The interaction energy was estimated to be
0.15%0.05 eV, and the interaction would modify the electronic properties. On the other hand,
p—type dopant atoms (B or Ga) would not interact with stacking faults.

2) Planar {112} agglomerates of Cu;Si nano—crystals with a BCC structure (a=0.285 nm),
which is not the thermal equilibrium n—Cu;Si structure, were formed in Si heavily doped with
oxygen atoms and p—type dopant atoms (B or Ga), irrespective of dislocations. Unlike isolated
Cu atoms and the thermal equilibrium n—Cu,Si precipitates, the BCC—Cu;Si precipitates would

not affect the electrical properties.
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