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Abstract: Heat conduction in macroscopic continuum media is well described by classical physics.
However, with continued miniaturization of electronic transistors, sensors and actuators, device
dimensions are now reaching the nanoscale. Classical framework fails to explain heat conduction

in nanoscale materials. It is imperative to take into account the atomistic nature of matter, effects of
confinement and dimensionality, and the interaction of lattice vibrations with electrons and photons, to
analyze nanoscale heat transport. Quantized lattice vibrations, phonons, provide a natural framework

to describe heat transport in nanoscale materials. In semiconductors, heat is primarily transported by
broadband high-frequency THz phonons with nanometer wavelengths. Therefore, a broad range of phonon
frequencies needs to be engineered to control heat conduction, in contrast with electronic applications,
where only energies close to the Fermi level are relevant. The difficulty of working with a broad spectrum
of excitations naturally poses major challenges in achieving control over nanoscale phonon transport.

Engineered nanoscale features have shown remarkable possibilities to manipulate phonons and thus
guide heat in nanostructures. Efforts to control phonons, especially at the micro- and nanoscale, have
been further stimulated by the ever increasing roles that phonons assume via self-interaction and
interaction with electrons, photons and other fundamental quantum particles. My research program at CU
boulder is focused around the central theme—to tune phonons and their interactions with other quantum
particles via engineering of nanostructured materials—in order to enable a broad range of technological
applications. Our aim is to devise structural engineering strategies to engender desired transport of
quantum particles in materials.

In this seminar, | will present an overview of the research activities in my group, the CU Aerospace
Nanoscale Transport Modeling (CUANTAM) Laboratory, in particular,

* phonon and electron transport in multilayered nanostructured thermoelectric materials,

» electron-phonon interaction in silicon/germanium heterostructures,

» guiding heat in thin-film nanostructures with engineered surfaces,

« prediction of charge transport in multilayered semiconductors using machine learning techniques,
» probing spin-phonon interaction in defected semiconductors to enable quantum applications.

| will discuss illustrative strategies we devise to mitigate thermal constraints and overcome the limits of
performance in complex aerospace electronic applications.
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