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Purpose of the Project
The purpose of this project is to fabricate and test a new design for electro-osmotic (EO) pumps. This new design will use low voltages to provide relatively high volume flow through microfluidic channels. Such microfluidic channels and pumps can be used to process fluids in biomedical applications.

Importance of the Project
In order to test and process biological fluids and/or fluids with suspended particles, pressure is needed as a driving force. Mechanical pressure is both unreliable and difficult to implement for microfluidic applications. An alternative to mechanical pumping is electro-kinetic pumping, such as electroosmotic pumping. Traditional DC electroosmotic pumping requires high voltage (~10kV) which can cause hydrolysis and damage fluid samples. AC electroosmotic pumping can provide flow using low voltage (~1V), but AC pumping usually results in low flow volumes. New low-voltage EO pump designs with smaller features and higher pumping pressures are crucial for applications in particle separation and analysis, fluid filtration, and various biomedical devices.  

The Pumping Mechanism
The research will consist of fabricating fluid channels and microelectrodes on a silicon substrate or microchip.  Rather than applying a single large voltage from one end of a fluid channel to the other, we propose to use hundreds of micro-electrodes spaced 5μm-apart to apply small voltages. Electric field is proportional to distance, therefore, the short distance between electrodes requires less voltage to achieve the same electric field strength. Our novel idea is to use multilayered microelectrodes to produce a more linear flow of fluid, preventing “eddies” which occur in other AC electroosmotic pump designs. Each pumping unit consists of three electrodes: one bottom ground electrode and two upper electrodes which will alternately provide positive and negative voltage, thousands of times per second.

Fabrication Phase
A doped Si substrate will be used, which will have low resistivity in order to act as ground for our design. A 500nm-thick layer of SiO2 will act as an insulating layer. The bottom layer electrodes will be made by simply etching through the SiO2 down to the bare Si substrate and depositing a thin layer of chromium to aid in conductivity. Next, sacrificial channel cores will be made by applying photoresist over the bottom electrodes. Two chromium electrode pads, each attached to a set of interdigitated electrode fingers, will be placed on opposing sides of the channels, with the electrode fingers crossing over the tops of the channels. Next, a 3μm-thick layer of SiO2 will completely cover the tops of the channels and electrodes. We will selectively etch out openings to the channels and the electrode pads using HF acid. Finally, we will use a mixture of sulfuric acid and hydrogen peroxide to etch away the photoresist sacrificial cores.

Testing Phase
When the wafer fabrication is completed, we will first establish that flow has occurred by observing flow under a microscope. We will use a probe station which can place electrical probes directly onto our electrode pads. We will use two synchronized function generators to provide alternating positive and negative pulses to the upper electrodes. Fluid flow can be observed by using microscopic glass or latex beads in a buffer solution. Using a high-speed camera, we can quantitatively determine the amount of flow.
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