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Weintraub, Chad Everett, Investigation of Charge Pumping Techniques for Advanced
Gate Dielectrics.

Under the direction of Dr. J. J. Wortman

As the scaling of MOSFET devices continues towards sub 0.1 um gate lengths,
Si0; thickness values of 1.5 nm and below are required. It has been well documented
that SiQ, will be difficult, if not impossible, to use in this thickness regime due to a
number of issues including high leakage currents and inadequate reliability. While the
thickness at which SiO: fails is debatable, it is clear that to continue on the projected
scaling timeline a suitable replacement for SiO; must be found. Currently, significant
attention is being paid to altemative high-k dielectrics. As many of the properties of
these dielectrics are not well known, the accurate electrical characterization of these
materials is very challenging.

In this work an investigation of the charge pumping technique's ability to
accurately characterize interface and near-interface state densities of MOSFETs,
fabricated with advanced gate dielectrics, was made. The work focused on three forms of
the technique namely; two level, sinusoidal charge pumping, two level, low frequency
charge pumping, and three level charge pumping. These techniques were applied to n-
channel MOSFETs fabricated with oxynitride-oxide stacked gate dielectrics. The results
showed that two level sinusoidal charge pumping was well suited to characterize
alternative dielectrics as average interface state densities and hole and electron capture
cross sections can be obtained independent of one another. The studies of two level, low
frequency charge pumping showed that the technique could be used to obtain qualitative

information about near-interface, or bulk, traps. Finally, three level charge pumping was



used to obtain the density of interface state as a function of energy. As no prior
knowledge of capture and emission parameters is needed to perform three level charge
pumping. the technique can be used to accurately characterize the interface state densities
of MOSFETSs fabricated with dielectrics whose properties are not well known. Overall.
this work demonstrated both the current ability as well as the future potential of charge
pumping techniques to characterize the interface and near-interface properties of

MOSFETs fabricated with altemative dielectrics.
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