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Abstract: Since Lippmann’s pioneering study in 1875, electrowetting has emerged as a powerful
technique for manipulating liquids at small scales by modulating surface tension through an applied
electric field. The dominance of surface tension forces over body forces in micro/meso scales offers
several advantages over conventional microfluidic mechanisms, including large force generation, rapid
response time in the microsecond range, and energy-efficient operation. This talk provides a
comprehensive overview of electrowetting, covering fundamental materials, mechanisms, and
applications in tunable optics and solar energy via liquid prism technology. To enhance electrowetting
performance, my focus was on developing a high-capacitance dielectric material, which exhibits
capacitance several orders of magnitude higher than conventional dielectrics like SiO2. This
enhancement arises from the formation of a nanometer-thick electric double layer (EDL) capacitor,
where free counter-ions accumulate at the interface under an applied electric field. With this high-
capacitance benefit, we developed a liquid-based prism device capable of achieving a beam steering
range of £19°, the highest demonstrated performance in electrowetting-based optics. Expanding on
this concept, we further explore the potential of arrayed liquid prism structures with large aperture areas
for optofluidic applications, including a liquid-based Fresnel lens with 3D focal tunability and a solar
indoor lighting system. These advancements introduce an innovative optofluidic approach for green
and sustainable building technologies, paving the way for next-generation adaptive optics and energy-
efficient lighting systems.
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