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Theory of gap states at metal/semiconductor interfaces; annihilation mechanism
and deformation in electric fields
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Mechanisms of annihilation and deformation of band-gap states have been
studied around metal/semiconductor interfaces in electric fields based on the first-principles
calculations. This project has clarified the following physical pictures; (1) as for simple metals
such as Bi and Pb, since their atomic radii are large and their electron densities are low, the
metal atoms do not form effective atomic bonds with the semiconductor layers, and thus the
metal-induced gap states (MIGS) on the semiconductor side disappear, (2) since the bandgap of the
semiconductor is effectively reduced under an electric field, the penetration depth of gap states is

extended, and (3) when there are some defect levels in the semiconductor pn junction in an electric
field, the energy resonance occurs between gap states and conduction/valence-band states, which
enlarges the penetration depth of gap states and increases the tunnel current by several orders of
magnitude.
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