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There is increasing demand for highly developed analytical systems that allow scientists and 
engineers to save their resources and processing time while retaining reliable outputs from their 
experiments. Miniaturized analytical systems, called “Lab-on-a-chip” or “Micro Total Analysis 
Systems,” have emerged as leading contenders for meeting this need. Particularly in biomedical 
applications, miniaturization of analytical systems not only reduces reagent use and processing time, 
but also improves the molecular diffusion and heat transport without changing the nature of the 
molecular reactions by increasing the surface to volume ratio. These miniaturized systems are 
developed primarily through advanced manufacturing technologies. Furthermore, successful 
applications of nano- and micro-systems in multidisciplinary engineering fields are dependent upon 
better understanding of fundamental physics and their characteristics as influenced by geometrical 
miniaturization, manufacturing process, material properties, and operating conditions. My research 
improves physical understanding in these areas and provides the necessary information for the 
successful application of nano- and micro-systems through (1) design, manufacturing, and 
characterization of nano- and micro-systems, (2) experimental investigations of the fundamental 
aspects of fluid dynamics in nano- and micro-scales, (3) applications of microfluidics in high 
throughput screening by integrating an ultrasensitive detection method, and (4) automated pattern 
recognition for high throughput data processing. 
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