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Abstract 

A microfluidic switch has been demonstrated using an AC Magnetohydrodynamic 
(MHD) pumping mechanism in which the Lorentz force is used to pump an electrolytic 
solution. By integrating two AC MHD pumps into different arms of a Y-shaped fluidic 
circuit, flow can be switched between the two arms. This type of switch can be used to 
produce complex fluidic routing, which may have multiple applications in yTAS. 
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1. Introduction 

One microfluidic component that can enable pTAS is a microfluidic switch. 
Microfluidic switching allows for complex routing of a sample in microchannels for possible 
mixing with different reagents or for routing the sample into different detection systems. 
These possible uses of a microfluidic switch are illustrated in Fig. 1. 

We have developed a new kind of microfluidic switch using an AC 
Magnetohydrodynamic (MHD) pumping mechanism. An AC Magnetohydrodynamic 
micropump has previously been presented in which the Lorentz force is used to propel an 
electrolytic solution along a microchannel etched in silicon [l]. This micropump has no 
moving parts, produces a continuous (not pulsatile) flow, and is compatible with solutions 
containing biological specimens. By integrating two AC MHD pumps into different arms of 
a fluidic Y-channel, flow can be made to switch into or out of either arm. 
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Figure 1. Possible uses for a microfluidic switch. Lej .  Switch can be used to direct a sample 
input to react with different reagents. Right. Switch can be used to direct a sample into 
different detection systems. 
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2. Theory 

In an AC MHD micropump, a sinusoidal AC electrical current and a perpendicular, 
synchronous sinusoidal AC magnetic field pass through an electrolytic solution, transverse to 
a microchannel. This produces a Lorentz force along the channel, causing the solution to 
flow. This geometry is illustrated in Fig. 2. The time averaged Lorentz force is given by: 

2z 

0 
where I is the current amplitude (measured in Amperes) across the microchannel, B the 
magnetic field amplitude (measured in Tesla), and w the width of the microchannel. From 
Eq. (I), the ability to control the phase allows for controlling both the flow speed and the 
flow direction. The integrand can have a value between -1/2 and 1/2. At 0", the integrand is 
positive and corresponds to a flow in one direction. At 180", the integrand is negative and 
corresponds to flow in the opposite direction, and at 90" the integrand is zero corresponding 
to no flow. Because the Lorentz force varies in magnitude through one period of oscillation, 
the flow is actually pulsed; however at high frequencies, the pulsed volume is so small that 
the flow is effectively continuous, reflecting only the time-averaged force. 

A microfluidic switch can be constructed by integrating two pumps into the 

F = IBw sin cot sin(ot + $)dm, (1) 
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Figure 2. Vector-diagram of an Figure 3. Conceptual diagram of MHD microfluidic 
AC MHD micropump. switch. 

configuration shown in Fig. 3. When only the pump in arm 1 is actuated (for example in the 
direction towards arm 3), the flow that is produced divides into both arm 2 and arm 3. In 
order to stop the flow in arm 2, while flow continues from arm 1 to arm 3, the pump in arm 2 
must be actuated to produce the necessary pressure to cancel the forces in that arm. This 
pressure will in general be smaller than the pumping pressure in arm 1. If the same 
electromagnet is used to actuate both pumps, then there are two methods by which the forces 
in arm 2 can be cancelled. The first method is to adjust the current flowing between the 
electrodes in arm 2 to the desired fraction of the current flowing in arm 1. The second 
method is to use equal electrode currents in arm 1 and arm 2 and to adjust the relative phase 
of the current in arm 2 with respect to the electromagnet. At a particular phase, the forces in 
arm 2 will be cancelled. Using either method, flow can be switched between the two arms by 
interchanging the electrode currents between the two arms. Because a change in current 
amplitude will affect temperature and pH of the solution, the second method, in which 
current amplitude is held constant, is preferable. 



3. Experimental 
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Figure 4. Photograph of fluidic switch. 
Only two MHD electrode pairs are actuated. 
Channels are 1 mm wide and 300 pm deep. 
Electrode length of 4mm. 

Figure 5. Experimental set-up of fluidic switch.. 

The devices are fabricated by etching a v-groove 300 pm deep and 1 mm wide on a 
silicon wafer, depositing metal electrodes on a thin oxide layer that continue down the walls 
of the groove, and then anodically bonding the wafer to a plate of glass. Holes are drilled in 
the glass to allow for contacting the electrodes and for fluidic input and output. A 
photograph of a fluidic circuit in which liquid is switched between two closed loops is shown 
in Fig. 4. An electromagnet, positioned beneath the device, produces a magnetic field normal 
to the plane of the wafer. Only the two inner MHD electrode pairs, which are enclosed in the 
diameter of the electromagnet core, were actuated and switched as indicated in Fig. 4. The 
other MHD electrode pairs could be actuated with a larger diameter electromagnet core. 

The fluidic circuit shown in Fig. 4 was filled with a 1M NaCl solution containing 
5pm diameter polystyrene beads. The flow velocity was measured in arms 1, 2 and 3 by 
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Figure 6. Flow velocities of arms 1,  2, 3 with the 
relative phase of arm 2 varying with respect to the 
electromagnet . 

tracking the motion of the beads 
using a computer with video capture 
software. Switching was observed 
by switching the currents between 
the two pumps. The experimental 
set-up is illustrated in Fig. 5.  Ideally, 
with the same electromagnet and the 
same applied electrode current, both 
arms should produce the same flow. 
In reality, the flow can differ due to 
variations in magnetic field strength 
between the two arms. To 
compensate for this, a potentiometer 
was added in series with one of the 
arms as shown in Fig. 5. 



4. Results and discussion 

The fluidic switch was actuated as shown in Fig. 3. 
Arms 1 and 2 were actuated with the same electrode 
current. While arm 1 was kept at 0” relative phase with 
respect to the electromagnet, the phase of arm 2 was varied 
to determine the phase required to cancel the flow in that 
arm. This was found to be approximately 45” relative 
phase as shown in Fig. 6. With this phase, flow in arm 2 is 
completely blocked. By toggling the double-pole double 
throw switch, shown in Fig. 5, flow can be switched 
between arm 1 and arm 2. 

Within the resolution of the measurement system, 
the switching of flow between the two arms is 
instantaneous. Figure 7 shows three consecutive video 
frames, captured at the moment of switching, each 
separated by 0.033 seconds. Between the first two frames, 
each of the tracked particles moves in the direction of the 
second arm, as indicated by the arrows in the diagram. 
Between the second and third kames, all of the particles 
have moved in the direction of the first arm, indicating that 
flow switching has already occurred. 

5. Conclusions 

Using one electromagnet,  an AC 
Magnetohydrodynamic microfluidic switch has been 
demonstrated by integrating AC MHD micropumps. 
Microfluidic switching allows for complex routing of a 
sample in microfluidic channels. 

Figure 7. Tracking 8 particles 
in 3 consecutive frames 0.033 
seconds apart. Arrows show 
direction of displacement from 
the previous frame. 
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