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Abstract
In my laboratory, we develop new nanoscale materials and tools and apply them to a variety of problems ranging from 
quantum information processing, plasmonics, nano-bio interfacing, all the way to single-cell sequencing. In this 
presentation, I will describe recent examples of such efforts based on three nanoscale structures – diamond 
nanocrystals, silicon needles and silver grooves – and how we use them to address various problems in physical and 
life sciences. First, I will present nanoscale gratings made of single-crystalline silver: theses structures act as 
visible-frequency hyperbolic metasurfaces and exhibit many novel optical/plasmonic behaviors that can be exploited to 
realize solid-state quantum optics devices. Next, I will present diamond nanocrystals containing the nitrogen-vacancy 
color centers: these nanocrystals can not only serve as solid-state atom-like qubits that can be coupled to the 
metasurfaces, but also function as ultrasensitive electromagnetic and temperature sensors that can be coupled to 
living systems. Finally, I will discuss a CMOS-nanoneedle electrode array that enables highly multiplexed interrogation 
and manipulation of mammalian neurons in a minimally invasive fashion. These examples illustrate how the 
development of new nanoscale structures and tools enables new lines of scientific inquiries, spanning quantum optics, 
plasmonics, immunology and neurobiology.
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