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The radical shift from Al to Cu interconnect metallization just about ten years ago and the impending
applications of high performance thermoelectrics can be traced to fundamental studies in the design and
control of micro/nanostructures and the role of minor variations in chemical composition on materials
properties. The switch to Cu was driven by electromigration problems in Al related to grain structure and
orientation at sub-micron line widths. The switch to Cu essentially inverted the entire interconnect
fabrication process and resurrected the seemingly outdated wet process of electroplating in an updated
guise. Not, though, before a three-way race was run with PVD and CVD (once known as vapor plating)
processes. The key advantage of electroplated Cu has served interconnect reliability well, but now
dimensions have shrunk enough that Cu is demonstrating some of the same issues as Al did not that many
device generations back. That poses an interesting challenge that will undoubtedly call upon all the
multidisciplinary resources available.

A different class of materials and devices, namely thermoelectrics and Peltier/Seebeck
coolers/generators, offer interesting historical and state-of-the-art materials comparisons and challenges.
Control of heteroepitaxial nanostructures and compositions rather than grain structure has heralded a new
generation of higher performance semiconductor thermoelectrics. Phonon scattering at coherent
nanostructure interfaces demonstrated both in MBE-grown pnictide films and furnace tube/elemental
reaction-grown bulk ingots provide a means for starting to decouple phonon and electron transport. But
reduction of thermal conductivity has a finite limit and new directions are approaches are beginning to
emerge to increase power factors and take the next step up in performance.

Stepping beyond the fundamental materials performance, device integration of both Cu interconnect
metallization and thermoelectric energy conversion devices require additional materials expertise for low
parasitic, robust contacts that pose another set of interesting materials challenges. This multidisciplinary
talk is intended to be highly interactive to address those aspects of greatest interest to the audience, with
the Cu and thermoelectrics programs reflecting the different perspectives of a then-Bell Labs researcher to
current ONR Program Officer.
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