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The selection of commercial microelectronic parts using alternative substrates is sometimes an effective technique for reducing single-event effects. In this talk we discuss some of the limitations of alternative substrates, including epitaxial substrates, thinned substrates, and silicon-on-insulator (SOI) technologies.

The effects of substrate and epitaxial layer thickness on the single-event upset and single-event latchup response of integrated circuits are studied using experiments and three-dimensional device simulations. Reducing substrate thickness can be an effective method for improving single-event upset and latchup immunity, but only if devices are thinned beyond their epitaxial layer thickness. Increases in overall single-event upset threshold linear energy transfer of more than a factor of two are predicted after thinning to a wafer thickness of 0.5 µm. Simulations predict that the single-event latchup performance of a thinned integrated circuit will be similar to that of the same integrated circuit fabricated on an epitaxial substrate of equivalent thickness. By combining wafer thinning with backside contact formation, more significant improvements in the single-event latchup threshold can be obtained.

SOI technologies are commonly presumed to have reduced sensitivity to single-event effects compared to bulk silicon technologies. However, unless SOI technologies use body ties, they can be nearly as sensitive as bulk integrated circuits (ICs). In addition, it is usually assumed that SOI ICs have a lower upset cross section than bulk due to reduced SEU-sensitive volume. Recent charge-collection and single-event upset experiments on 64K and 1M SOI SRAMs fabricated at Sandia indicate that drain strikes can cause single-event upsets in SOI ICs. 3D simulations do not predict this result, which appears to be due to anomalous charge collection from the substrate through the buried oxide. This substrate charge-collection mechanism can considerably increase the SEU-sensitive volume of SOI SRAMs, and must be included in single-event models if they are to provide accurate predictions of SOI device response in radiation environments.
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