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This presentation will first provide an overview of research projects in my laboratory. Our research is centered around utilizing lasers as tools for both micro and nanoscale engineering and for measuring ultrafast transport phenomena in nanomaterials. We develop various laser techniques to fabricate micro and nano-structures and characterize properties of nano-materials. A few examples include laser precision machining using temporally-shaped femtosecond laser pulses, laser-based nanoscale manufacturing using optical antennas, 3D micro-fabrication, and femtosecond time-resolved diagnostics of transport processes, including photon-electron-phonon coupling, coherent phonon excitation, and their roles in energy transfer in nanomaterials such as energy conversion materials used for solar cells and thermoelectric converters. Numerical modeling is used to investigate problems related to laser-matter interactions, including nanoscale radiation, energy transfer, phase change, and thermomechanical effects.
The remaining of the talk will deal with laser-based nano-engineering and the fundamental nanoscale radiative energy transfer involved. We develop nanoscale antenna to concentrate light of visible and UV wavelengths into a nanoscale size. The transmission characteristics of antenna are first studied numerically using the finite-difference time-domain (FDTD) method and experimentally using near field scanning optical microscopy. We show that nano antennas provide optical transmission enhancement and confine the transmitted light into a nanometer spot in the near field.  We use these nano antennas as a nanometer scale light source for nano-lithography and for nanoscale optical imaging. Other applications of nano antennas will also be discussed.
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