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We describe our experimental results for substrate hot electron, substrate hot hole and constant voltage tunneling injection and use these results to delineate between various physical models for oxide reliability.  The reliability of the ultra-thin (< 3.0 nm) silicon dioxide gate dielectric is one of the most critical factors in scaling the device dimensions of metal-oxide-semiconductor (MOS) field-effect-transistors.  Although a large body of research on the intrinsic mechanisms of silicon dioxide degradation and breakdown exist, controversies on the exact physical mechanisms remain.  The main physical mechanisms that have been proposed to cause defect generation under constant voltage stress conditions are: 1) trap creation/hydrogen release, 2) anode hole injection, and 3) thermochemical electric field.  Some studies have attempted to delineate between the various physical models by analyzing the dependence of breakdown time on the oxide electric field.  However, because each of these models can predict a similar dependence of breakdown time on electric field, this dependence can not be independently used to determine the correct physical model.  In this work, defect generation and breakdown by substrate hot electron and substrate hot hole injection is studied.  These results are then compared with those of conventional constant voltage tunneling stress.  The results confirm that the breakdown of silicon dioxide is related to the electron fluence through the dielectric and is not solely due to the interaction of the electric field with the dielectric lattice.  The defect generation and breakdown of ultrathin oxides by substrate hot hole stress is significantly different from that observed for constant voltage tunneling stress.  This suggests that defect generation by anode hole injection may not cause breakdown during constant voltage stress.  Therefore, trap creation/hydrogen release is a likely physical mechanism for the degradation and breakdown of ultra-thin silicon dioxide under constant voltage stress conditions.
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