












































CHAPTER 1. INTRODUCTION 6

waveguides [22,23]. It was demonstrated by Cheng et al. [24] that silicon divacancies
cause excess absorption at near infrared wavelengths (i.e. for photon energies greater than
the silicon bandgap). More recent studies such as those by Kauppinen and Corbel [25]
and Uedono et al. [26] have shown that divacancies are the dominant vacancy-type defect
structure formed by ion implantation doses well below the amorphization threshold.
Thus, it seems reasonable to investigate the absorption of 1.55pm optical signals in
silicon waveguides irradiated with low ion doses. The work here is primarily concerned
with vacancy-type defects in SOI rib waveguide devices.

Before making measurements on SOI structures, comprehensive characterization
methods were utilized on ion-irradiated bulk silicon. In order to fully exploit defect-
engineering, a complete understanding of the properties of implantation-induced defects
in silicon is required. Also, the effects of different implantation conditions must be
understood. A technique that has contributed significantly to the experimental analysis of
vacancy-type defects is Positron Annihilation Spectroscopy (PAS) [27]. It has been used
successfully to investigate the concentration and size of vacancy-type defects in
semiconductor materials. In the work here, measurements of Doppler broadening of the
annihilation gamma-ray energy were performed on bulk silicon samples irradiated with
various doses of MeV Si" and H'. Positron lifetime measurements were performed on
the samples irradiated with H'. The intentions of these measurements were to determine
the concentrations of vacancy-type defects (while confirming the dominance of
divacancies) following low doses of ion-irradiation and to deduce how these

concentrations scale with dose. Lifetime measurements are not typically performed on
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