Droplet Microfluidics and Lab-on-a-Chip Platform Technologies

Lab-on-a-Chip is a concept of integrating multiple chemical or biological assays that are usually performed using different facilities at traditional laboratories, into one single platform. It utilizes microfluidic platform that normally consists of a network of microchannels for sample preparation (i.e. extraction of DNAs and proteins from blood or cells) and manipulation (i.e. concentration of proteins). Significant advantages of Lab-on-a-Chip over its traditional counterparts (centralized biomedical laboratories) include largely reduced consumption of expensive reagents (i.e. DNAs, proteins), much shortened analysis time (minutes vs days), magnitude higher throughput of analysis (through miniaturization and parallelization of analysis) and opportunity for point-of-care applications suitable for resource limited settings. 

Single phase microfluidics mainly involves miscible fluids such as drug compounds dissolved in buffer solutions which has some inherent disadvantages such as low throughput, cross contamination and slow mixing. Two-phase droplet microfluidics, however, enables high throughput screening analysis by utilizing monodispersed nanoliter- to picoliter-sized droplets as mobilized test tubes. These droplets can be generated at kHz rates in microchannel networks by injecting one fluid into another immiscible fluid. Other advantages of droplet microfluidics over traditional high throughput technology include continuous flow offering continuous processing, minimized cross contamination benefiting from well encapsulated droplets, and rapid mixing due to three-dimensional flow occurring within droplets. 

At the core of each application are droplet manipulation techniques that include generating, splitting, merging, trapping, sensing and heating of droplets. The first half of this talk will discuss fundamentals and physical modelling of droplet formation in different generator configurations and droplet trafficking and sorting through a channel network. The second half will focus on introducing electrical sensing and manipulation of individual droplets and imaging assisted active control of droplets. In particular, capacitance sensing, microwave sensing/heating, and imaging assisted manipulation of droplets will be discussed and then followed with microwave heating and mixing of droplets. 

Brief bio:[image: ] Dr. Ren is currently a Member of the College of New Scholars, Scientists and Artists of Royal Society of Canada given to emerging generation of Canada intellectual leadership, holds Canada Research Chair Chair in Droplet Microfluidics and Lab-on-a-Chip Technology and is a professor of Mechanical and Mechatronics Engineering at the University of Waterloo (UW). She obtained her bachelor and master’s degrees in thermal engineering at Harbin Institute of Technology and PhD in Mechanical Engineering from the University of Toronto. She is directing Waterloo Microfluidics Laboratory focusing on advancing fundamental knowledge of microfluidics and developing Lab-on-a-Chip technologies which have significant impact on a wide range of applications such as material synthesis, protein separation, and water quality sensing. Dr. Ren has also received several awards from the engineering and research community, including: being recognized as one of 20 leading female innovators in Women of Innovation (Dr. Ren is a co-founder of Advanced Electrophoresis Solutions Ltd and QuantWave Technology Inc.), Fellow of the Canadian Society of Mechanical Engineering, Engineering Excellence from University of Waterloo and an Early Research Award from the Ontario Ministry of Research and Innovation. 

液滴微流控和生物芯片实验室技术

芯片实验室是将通常使用传统实验室的不同设施进行的多种化学或生物分析集成到一个单一芯片。它利用微流控平台（微通道网络）进行样品制备（比如从血液或细胞中提取DNA和蛋白质）和控制（比如蛋白质浓缩和分离）。相对于传统集中式生物医学实验室，芯片实验室的显著优势包括大幅减少昂贵试剂（DNA，蛋白质）的消耗，大大缩短分析时间（几分钟而不是几天），提高分析吞吐量，可用于现场快速检测。

单相微流体主要涉及可混溶的流体，例如溶解在缓冲溶液中的药物化合物，其具有一些固有的缺点，例如低通量，交叉污染和缓慢混合。然而，两相液滴微流体通过利用单分散的纳升 - 皮升大小的液滴作为移动的试管，能够进行高通量筛选分析。通过将一种流体注入另一种不混溶的流体中，可以在微通道网络中以kHz速率产生这些液滴。与传统的高通量技术相比，液滴微流体的其他优点包括提供连续处理的连续流动，受益于良好包封的液滴的最小交叉污染，以及由于液滴内发生的三维流动而导致的快速混合。

每个应用的核心是液滴操纵技术，包括产生，分裂，合并，捕获，传感和加热液滴。本演讲的前半部分将讨论不同液滴生成器中，液滴形成的基本原理和物理模型，以及通过通道网络进行液滴运输和分类。后半部分将重点介绍电子传感和单个液滴的操纵以及成像辅助的液滴主动控制。将具体讨论电容感测，微波感测/加热和成像辅助操纵单个液滴，然后进行微波加热和液滴混合。
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