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Abstract 
 This paper presents an electromagnetically-actuated micropump for microfluidic 

application. The system comprises two modules; an electromagnetic actuator module and a 
diffuser module. Fabrication of the diffuser module can be achieved using photolithography 
process with a master template and a PDMS prepolymer as the structural material. The actuator 
module consists of two power inductors and two NdFeB permanent magnets placed between 
the diffuser elements. The choice of this actuation principle merits from low operating voltage 
(1.5 Vdc) and the flow direction can be controlled by changing the orientation of the magnet 
vibration. Maximum volumetric flow rate of the fabricated device at zero backpressure is 0.9756 
µLs-1 and 0.4659 µLs-1 at the hydrostatic backpressure of 10 mmH2O at 9 Hz of switching 
speed. 
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1. Introduction 

For the past few decades, microfluidic devices or the Lab on Chip (LOC) have gained 
rapid research interest in various fields such as chemical analysis, environmental analysis and 
towards biomedical diagnosis [1-4]. It was first introduced by Manz et al. in the 1990s [5] and 
followed by fast emergence of nanotechnology in the early of the 21th century [6]. The main 
purpose for the micropump development is to deliver and control fluids flow within microfluidics 
devices [7, 8]. Thus, the use of micropump is one of the important elements in LOC system for 
fluid flow manipulation. Moreover, integrating microfluidics system that able to dispense small 
dose of liquids (drug) into a patient's body with the controlled amount has long been the goal in 
the micropump areas [9, 10]. 

Due to the diversity of LOC applications, specific micropumps are needed to provide a 
specific flow range that is compatible to LOC applications’ needs. Commercial micropumps’s 
flow rate is limited to the microchannel’s shape and design. To have large flow rate range, 
multiple micropumps integration is required. It is hard to have the commercial micropump that is 
versatile and robust enough to fit in various types of LOC applications that able to provide 
variety of flow rate. In addition, most of the reported micropump focuses on single flow 
application. Micropump with modular based architecture might be the possible solution to 
achieve bi-directional flow [11-15]. Our previous effort implements a pinch plunger as the 
actuation elements [11, 12] to achieve bidirectional flow by changing the pinching position. 
Meanwhile, this work reports an electromagnetic actuation module using neodymium-iron-boron 
(NdFeB, Taiwan Magnetic Corporation Ltd, China) magnets embedded to poly-dimethyl-
siloxane (PDMS, Dow Corning Corporation, USA) membrane and power inductors. The 
activated power inductors attract and repel the NdFeB magnet at different frequency and 
creates membrane deflection to induce flow. The micropump performance was examined 
through numerical study of membrane deflection at different actuation contact ratio. This setup 
is able to run at bidirectional flow based on the desired setting of the user. In addition, the 
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construction of the actuator device must be parallel with the chamber design, so that, the 
system can pump to generate a flow. In addition, the design is focusing on the type material 
fabrication, channel design for bidirection flow and the membrane design for fluid pumping. 
Numerical simulation was done to study the characteristic of bidirectional flow micropump and 
experimental for design verification. This micropump is able to produce a flow rate from 
0.2156 µLs-1 to 0.9756 µLs-1 controlled by a controller at frequency from 1 Hz to 9 Hz. The 
fabricated prototype can be implemented in mobile device application, such as in drug dosing 
for flow rate and bidirectional flow control [7], [16-17]. 
 
 
2. Electromagnetic Actuation 

Figure 1(a) shows 3-D schematic illustration of the electromagnetic micropump setup 
and Figure 1(b) shows the dimensions of the microchannel. 

 
 

 
(a) 

 
(b) 

 
Figure 1. Project design (a) Micropump setup (b) Microchannel design drawing in millimeter 

 
 
As depicted in Figure 1 (a), the micropump consists of two separate modules: an actuation 
module and a microchannel (diffuser) module. A microchannel was designed and drawn by 
using SolidWorks® 3D CAD software (Dassault SystèmesSolidWorks Corp) as shown Figure 1 
(b). Size of the mould is 40 mm in width and 63 mm in length with the microchannel width of 
30 mm and 53 mm in length. The microchannel inlet and outlet diameter are 2.2 mm, to be used 
with a 1 mm inner diameter of a silicon tube. Height of the channel is 1 mm. The actuation 
module consists of two power inductors (Coilcraft Inc, Illinois, USA), two NdFeB magnets and a 
printed circuit board. Each power inductor commands its own fluid direction either to flow in 
forward or in reversed direction. Microchannel module consists of a diffuser element and is 
enclosed by a thin sheet membrane, made of PDMS prepolymer material. Figure 2(a) and (b) 
illustrates the actuation operation in magnetized and repelled conditions.  
 
 

 

 

 

(a) (b) 
 

Figure 2. Electromagnetic actuation operation, (a) Actuation response towards voltage and 
membrane position (b) schematic illustration of actuation during magnetized and repelled 

condition 
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Figure 2 (a) and (b) show the oscillation of a NdFeB magnet is influenced by the polarity 
of the supplied voltage to power inductor, either to attract (going down) or repel (going up) the 
magnet. In rest mode (no voltage supplied mode), there no is movement. When the positive 
polarity voltage is induced, the magnet is attracted towards the power inductor. The membrane 
is deflected to expel fluid through the channel. On the other hand, at negative polarity voltage, 
the magnet is repelled, resulting to the inflation of the membrane and thus sucks the fluid into 
the chamber. The continuous cycle of changing voltage polarities to attract and repel the 
magnet create a net fluid flow. Different frequency gives different flow rate. Similar pumping 
method have been done by Shen M. et.al [14], Zhi C. et.al [18] and Pan T. et.al [15], but the 
difference is the actuating element by using a rotating magnet, mesh type coils and a DC micro-
motor to drive the fluid inside a microchannel. 

The numerical simulation studies the deflection properties of the membrane. The 
membrane displacement, dm is influenced by the surface contact ratio between the magnet and 
the membrane, and the thickness of the membrane, t. The maximum deflection of the 
membrane is studied using the finite element analysis (FEA) using COMSOL Multiphysics® 
(COMSOL Inc, Burlington, USA). The density, Young’s modulus and Poisson’s ratio of the 
PDMS material curing at room temperature are 965 kgm-3 [19], 1.32 × 106 Pa [20] and 0.499 [20] 
.The NdFeB magnet parameters are 7500 kgm-3, 1.6 × 1011 Pa and 0.24 respectively. The force 
was applied at 1 N on top of the magnet in-z direction. Figure 3 illustrates one of the simulated 
results acquired for the membrane displacement at 0.4 surface contact ratios. 

 
 

 
(a) 

 
(b) 

 
Figure 3. Membrane deflection cause by body load at 0.4 contact ratio (a) View in 2D axis-

symmetric (b) View in 3D  
 
 

As depicted from Figure 3(a), the membrane deflection forms a trapezoidal shape, 
where the maximum deflection of the membrane is concentrated in the pinch region [12]. 
Further analyses from the surface contacts ratio of 0.1 to 0.9 are plotted on the Figure 4.  

 
 

 

Figure 4. Semi-logarithm graph with the fitted line of the membrane displacement with variation 
of surface contact ratio for different membrane thickness 
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Figure 4 shows a Gaussian characteristic for all membrane thickness from 0.1 mm to 
1 mm with the contact ratio from 0.1 to 0.9. The optimal deflection is observed at 0.4 contact 
surface ratio at all membrane thickness. Thus, for this experiment, the microchannel chamber is 
set to 10 mm in diameter and the magnet diameter of 4 mm (1:0.4). 
 
 
3. Micropump Design and Fabrication 

The designed microchannel consists of two elements: diffuser and membrane. The 
fabrication of a master template for the microchannel was using a rapid prototyping technology 
technique and the membrane was fabricated using a spin coated method. Figure 5 shows the 
fabrication process of the microchannel module. The custom master template (mould) was 
designed using computer aided design software. The design details can be referred in Figure 1 
(b). Digital light processing (DLP) method was used to fabricate the designed mould. 
Photopolymer resin was used for the mould material. The finished mould then was being 
exposed under a UV light for 1 hour to make it harden. The mould was then being poured with a 
PDMS solution with mixing ratio 1:10 of curing agent and resin monomer .The mould was then 
cured inside an oven at 70ºC for 30 minutes [20]. Finally, the PDMS substrate was removed 
from the master template. 

 
 

 
Figure 5. Fabrication procedure of a microchannel module 

  
 
A mechanical micropump needs an actuation membrane to drive the fluid inside the 

channel. This work uses the same material and same mixing ratio as the microchannel chip for 
the membrane fabrication. A digital spin coater machine with a spinner was used to yield a 
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uniform prepolymer for the membrane. Thickness of a coated membrane is depended on the 
prepolymer weight, spin coater speed, spin time and also the viscosity of the prepolymer 
material. For this setup, the spin coater speed, spin time and prepolymer weight was fixed at 
500 rpm, 120 s and 2.5 g to yield 325.9 µm of membrane thickness. Firstly, PDMS solution was 
being poured in a plastic petri dish. Then, it was placed in the spin coater machine for spinning 
process. After that, it was placed in an oven for curing process. Finally, the membrane was 
slowly peeled off from the petri dish. 

The fabricated membrane and microchannel have the same surface properties; 
therefore, the bonding between the two items can be made by using the same material. A 
prepolymer mixture was rubbed on the surface between the bonded areas. The membrane was 
aligned and placed on top of the microchannel. The air bubbles, created during  the bonding 
process were removed using a desiccator machine (F42025, Bel Art, New Jersey, USA) before 
curing at 70 ºC for 30 minutes[20]. Figure 6 shows the experimental setup for driving the 
micropump to investigate the driving performance of the device.  

 
 

 
 

Figure 6. Experiment setup under a zero backpressure 
 
 

As shown in Figure 6, the actuator module was controlled by a controller module, 
consist of an Arduino Uno microcontroller, a motor driver shield, buck converters and a push 
button module. Arduino Uno controls the switching speed of the power inductor from 1 Hz to 
16 Hz. In addition, it also controls the direction of liquid flow inside the microchannel either in 
forward and reversed direction by turning on or off one of the power inductor. If the fluid want to 
flow in forward direction (from left to right), the controller only needs to send the signal to the 
right inductor while the left inductor is off and vice versa. The motor driver shield was used to 
control the polarity of the supplied voltage meanwhile buck converters was being used to step-
down voltage from 12 Vdc to 1.5 Vdc for powering the power inductors. The medium used for the 
experiment was water. The inlet and outlet tubes were from a commercially available AlphaSil® 
silicon tubing with an inner diameter of 1 mm and outer diameter of 2 mm. It was assumed the 
flow is in non-slip condition.  
 
 
4. Result and Discussion 

The first evaluation to the proposed electromagnetic actuated system was studied on 
the velocity and flow rate performance under a zero backpressure condition. Figure 7 depicts 
the micropump performance profile at actuation frequencies from 1-16 Hz with 1 Hz resolution.  

In Figure 7, the graph characteristic was in gaussian shape where the fluid flow from the 
actuation frequency from 1-8 Hz increases and from 10-16 Hz, the flow rate decreases. 
Maximum flow rate is achieved at 9 Hz. The flow rectification was achievable at a minimum 
actuation frequency of 1 Hz, giving the flow rate of 0.2156 µLs-1 at the average time in 16.02 
s/mm. The optimum value, where the membrane vibrates at optimum amplitude was at 9 Hz, 
producing the maximum flow rate at 0.9756 µLs-1 at the average time in 3.51334 s/mm. Beyond 
9 Hz of the driving frequency, the membrane vibration starts to decrease resulting the flow rate 
also decreased as the system reached its actuator resonance. Furthermore, the pump 
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performance was done in a given backpressure to show the capability of the proposed 
micropump system. Figure 8 shows the results with variation of actuation frequency and 
backpressure. This experiment was based on the hydrostatic theory which is influence of 
pressure inside the chambers. 
 
 

 
 

Figure 7. Flow rate vs. actuation frequency 
 
 

 
 

Figure 8. Flow rate vs. backpressure 

 
Figure 8 shows six configuration height levels from 0-10 mm with 2 mm resolution. 

From the experiment, the actuation frequency at 1 Hz can operate up to 2 mmH2O 
backpressure at 0.1587 µLs-1 of flow rate. The actuation frequency of 2 Hz is capable to 
withstand pressure up to 4 mmH2O at 0.1892 µLs-1.The frequencies from 4-9 Hz were still 
capable to flow the liquid up to 10 mmH2O but 3 Hz was up to 8 mmH2O only. 
 
 
5. Conclusion 

This paper introduces the preliminary study on the integration of power inductor into 
micropump system for bidirectional flow fluid. In the present study, an electromagnetic actuated 
valveless bidirectional flow micropump was developed. The micropump system is in modular 
based: the mirochannel part is replaceable. The driving frequency range was from 1 Hz to 16 
Hz. The maximum volumetric flow rates were 0.9756 µLs-1 at 9 Hz under a zero backpressure. 
Even though the system only uses 5 Vdc supply, it is also require high current input in order to 
magnetize the actuators which causes some inconvenient in making the system as a portable 
device (supply from a battery is not recommended).  Future works includes design 
improvements and optimization on the diffuser chip to achieve higher flow rates while 
maintaining the power usage at low voltage. 
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