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1- A systematic overview of electrode configuration in electric-driven
micropumps
2- Experimental and numerical investigation of step location of electrodes in the

three-dimensional ACEO micropumps
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uTAS Micro-Total-Analysis-Systems
LOC Lab-on-a-chip
LOF Lab-on-a-foil
MEMS Micro-electro-mechanical-system
EDL Electric-double-layer
EHD Electrohydrodynamic
MHD Magnetohydrodynamic
EO Electro-osmosis
TWEO Traveling wave electro-osmosis
AC Alternating Current
DC Direct Current
PIV Particle image velocimetry
PTV Particle tracking velocimetry
PMMA Poly methyl methacrylate
PDMS Poly dimethyl siloxane
FEM Finite Element Method
PB Poisson Boltzmann
CMOS Complementary metal-oxide-semiconductor
RC Resistor-capacitor
C-MEMS Carbon-MEMS
RSM Response Surface Methodology



HAR High aspect ratio
PDE Partial-Difference-Equation

OBC Open boundary condition
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1 Microfluidics

2 Micron/submicron

3 Microfabrications

4 Micro-total-analysis-systems

5 Lab-on-a-chip

¢ Injection molding

7 Soft lithography

8 Lab-on-a-foil
 Micro-electro-mechanical-system
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1 Displacement micropumps
2 Dynamic micropumps

3 Piezoelectric

4 Membrane valves

5 Peristaltic
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1 Bulk fluid

2 Electric double layer

3 Electrohydrodynamic

4 Magnetohydrodynamic
5 Lorentz force

¢ Injection

7 Conduction

8 Induction

9 Joule heating

10 Electro-osmotic
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1 Slip velocity

2 Alternating Current(AC)

3 Direct Current(DC)

4 Particle image velocimetry

5 Particle tracking velocimetry
6 Silica

7 Dry etching

8 Wet etching

9 Surface-micromachining

10 Bulk-micromachining
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1 Poly(dimethylsiloxane)
2 Finite element method
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2l DC > 5

! liquid-surface interface
2 Electrokinetic

3 Electrophoresis

4 Dielectrophoresis

5 Deprotonating
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1 Hydroxyl

2 Helmholtz

3 Gouy

4 Chapman

5 Diffuse double laye
¢ Poisson Boltzmann
7 Binary electrolytes
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1 Valency

2 Debye length

3 Debye-Hiickel

4 Stern

5 Stern/Compact layer
6 Zeta potential
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1 Shear plane
2 Gouy-Chapman-Stern
3 Kilic
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1 Viscous drag
2 Peak to peak
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1 Coulomb force
2 Reuss

3 Helmhotz

4 Stokes

5 Hunter

6 Mruetusatorn
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Abstract

One of the recent studies in fluid mechanics science is the microfluidics transportation
analysis in micropumps. So far, various methods have been developed to increase the
efficiency of AC electro-osmotic pumps with raised steps on the electrodes. In order to
achieve a desired flowrate, it is crucial to optimize various electrode parameters such as
dimensions, position, input voltage, etc. To date, a comprehensive systematic optimization
framework, capable of accurately predicting an efficient electrode geometry is not available.
Therefore, developing methods which can overcome these problems in micropumps are
vital. In present study, in order to fabricate ACEO micropumps, the optimization of
geometrical parameters of 3D electrode, such as width and steps height of each electrode
and their displacement on the base electrodes in one pair (Symmetric or asymmetric
electrode), the electrodes gap, and also electrical characteristics including voltage and
frequency have been investigated. The governing equations of flow comprising of electric
domain and fluid domain have been solved using finite element method to investigate the
effect of electrode geometry on slip velocity, which affects pressure and velocity of the fluid.
Finally, this chip is fabricated by deposition of Pt electrodes on glassy substrate in order to
measure the pumping velocities of dilute electrolyte KCI solution. Numerical simulation
predicts an improvement in pump performance with increasing step height and
distinguishing its displacement, at a given voltage(2.5V) and frequency(1kHz), which
qualitatively matches the trend observed in experiment. Our results indicate that an optimal
design results in a pump with the width (50um) and steps height (5um) of each electrode
and their displacement (30um) is capable of generating a high velocity, flow rate and

pressure around 1.77mm/s, 14.9uL /min and 74.6Pa, respectively.

Keywords: Microfluidic, Electrokinetic, Electroosmotic micropump,

Microfabrication, Electrode optimization
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