Old material, new results: light emission from ion implanted defects in silicon
and pressure-induced phase transformations in silicon
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This presentation focuses on our recent results from two exciting areas of continuing silicon
research: light emission from defects and pressure-induced phase transformations.

Light from defects: It has been well known for some time that ion implanted defects in silicon
can luminesce with emission wavelengths in the near infra-red that are specific to the nature of
the defects. For example, point defect clusters, so-called W-line defects, luminesce at 1.218um,
whereas extended or {311} defects give rise to an R-line at 1.372um. Also, luminescence from
dislocations gives rise to D-lines usually above 1.5um. In this presentation, our recent studies
that have attempted to optimize the implantation and annealing regimes for maximum
luminescence from these defects are reviewed. Specifically, we have found that boron dopants
can lead to a dramatic reduction in luminescent intensity for all defects, but particularly the W-line,
whereas n-type phosphorus does not influence luminescence significantly. Finally, we have
fabricated LED devices and shown strong W-line luminescence at 13K as long as boron is not
located in active regions of the device.

Pressure-induced phase transformations: It is well known that carbon possesses a number of
allotropes such as diamond and graphite that have distinctly different structures and properties.
The fact that silicon also has up to 13 allotropes with distinctly different structures is not as well
known, probably since they are only accessible by the application of considerable pressure. It is
the diamond cubic form of silicon, the only truly stable phase, that exhibits the attractive suite of
properties that have driven the current functionality of the silicon chip. However, it has recently
been shown that at ambient temperatures and pressure there are up to four other phases of
silicon that are metastable. This presentation outlines research from the ANU group over the
past 15 years that has provided the basis for understanding the transformation processes that
lead to them, their stability and in some cases their unusual properties. For example, we have
recently shown that one of these metastable phases, so called Si-Xll, is a semiconductor with
properties that are totally different to those of conventional diamond cubic silicon, but
nonetheless no less attractive for applications.
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