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ABSTRACT 

Trapping of DNA was demonstrated in an 
electrode chip, fabricated by the MEMS techniques. A 
construction system, including of microstructure with 
parallel electrodes chip, connecting plates, collecting 
tubes and a driving micro-pump, could be established 
as a micro-fluidic device. 

DNA molecules were trapped on the surface of 
electrode as the electricity applied. Both of electric 
field applied and boundary layer effect, DNA 
molecules were immobilized during the reagent flow 
in micro-channel. 

The high efficient extraction device is being 
developed for proving a DNA trapping system without 
using beads. Additionally, the device could enable fast 
manipulation and easy to control. 
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1  INTRODUCTION 

DNA extraction has become an increasingly 
useful approach for DNA molecules, with applications 
ranging from fundamental research to medical 
diagnostics. DNA extraction technology played an 
essential role for sample pre-treatment, concentration, 
sequence analysis and genetic recombination. 

Many methods have been used to extract 
molecules from cell for analysis. Typically DNA is 
extracted either from bacteria separated from 
sediments, by use of chemical and high-speed of 
centrifugation, or by electrophoresis of DNA from 
sediments. These extraction procedures took a series of 
pre-treatment and hard to automatic control. Recently, 
beads[1] offer benefits over conventional methods due 
to  reduced chemical need and ease of automation. 
For traditional capillary electrophoresis[2,3], DNA 
molecules could be separated by pulsed an 
electric-field-driven motion in a highly restrictive gel 
matrix because their mobility is dependent on their 
length. To obtain better efficiency and understanding 
of gel electrophoresis, Han[4,5] use of an artificial gel 

structure, made by nano-fabrication technology. 
Larger DNA molecules have a better chance of 
escaping entropic traps because of the larger contact 
area with the thin slit. 

In this paper, we proposed the use of parallel 
electrodes for trapping of DNA molecules on the chip 
surface. Trapping efficiency was measured by Agilent 
bioanalyzer system. Three parameters, including 
voltage, velocity and diluted solution were varied as 
the factors for DNA extraction effectiveness.  

By DNA concentration analysis, nucleic acids 
were investigated with various parameters applied 
during experiment. High DNA extraction efficiency 
was achieved in this research. We also reversed 
voltage applied in electrode during reagent flew 
through chip for DNA concentration. 

2  PROCESS AND METHODS 

2.1 Device fabrication and modeling 

The reagent contained charge-carrying-molecule 
concentration (dsDNA molecules from human 
genomic with length of 780 base pairs) was diluted to 
DI (de-ionized) water and TAE (1X 
Tris-Acetate-EDTA) buffer respectively. Samples 
were analyzed using the Agilent 2100 Bioanalyzer’s 
electrophoresis DNA 1000 kit. The gel-dye mix, 5 L
of markers per sample well, 1 L of the biosizing 
ladder and 1 L of each test sample were loaded per kit 
protocol for concentration measurement[6]. Each chip 
may be used to analyze up to twelve samples. 

On a glass substrate, the thin films of Ti/Pt were 
coated on each side of wafers for electric layers. The 
electrode plates were insulated by a negative 
photoresist (SU-8; MicroChem, USA) of 
approximately 20 m thickness to avoid severe 
electro-lysis. Microchannels (2mm in width and 
250 m in depth) for these devices were also made of 
SU-8. In order to avoid the edge effect of the electrical 
field established between the electrode plates, such a 
micro-channel was placed nearly in the central region 
of the plate area. Two holes for inlet and outlet were 
drilled on a chip and were integrated carefully with an 
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adhesion film. The total microchannel length
sandwiched by the insulated electrode plates was
60mm.

The device contained two parallel electrodes,
PMMA plates and tubes. Fluid containing fixed
concentration of DNA molecules is fed into this
enclosed channel by syringe pump and collected at the
end of it for DNA concentration analysis as shown in
Figure 1. 

Figure 1. Photograph of the MEMS-based
microfabricated assembly device for the DNA trapping
and releasing. 

2.2 Experimental methods 

The DNA extraction principle was as shown in
Fig. 2. As the voltage applied, the electrical field has
been created.

d

V
E

  (1)
where E is the electrical field strength, V is the

voltage applied, and d is the distance between two
parallel plates.

According to the Prandtl’s principle[7], there
always exists a thin region near the wall where the
flow is predominantly viscous. Prandtl termed this
region the boundary layer, and suggested that it is 
because of the specific behavior of this layer that flow
separation takes place. This means that while the
pressure rise in the outer flow may be quite significant,
the fluid particles inside the boundary layer may not be
able to get over it. The displacement thickness of the
boundary layer is defined as follow.

dy
U

u

0
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where δ* is the displacement thickness of the
boundary layer, δ is the boundary layer thickness, u
is the velocity profile in y direction and U is the
maximum value of the physical velocity.

+
Figure 2. Schematic diagram of DNA extraction
mechanism. The DNA moving toward to the slow flow
region of the flow field as electric field applied.

As the external electric voltage applied to the
surface of the electrode, electrons-charge appeared on
the surface of the solid phase. The
charge-carrying-molecules were attracted to anode
plate and moved toward to nearby the boundary layer 
where is far away from main stream flow region. In
accordance with Prandtl’s theory, the particles were
hardly removed on this region. However, no-charged
molecules and solution would not be trapped during
the voltage applied. Therefore, the DNA molecules
could be remained strongly on the electrode plates and
separated efficiently from liquid.

The DNA contained reagent flew through the 
micro-channel by a stable controllable driving
micro-pump. The voltage provided a nearly vertical
direction to the flow lines. During the voltage applied
in this experiment, the reagent flew continuously and 
collected for concentration measurement. Each drop of 
approximately 10 L liquid was collected and analyzed
as reference.

3  RESULTS AND DISCUSSIONS

3.1 DNA trapping experiment 

Three parameters including of voltage, flow rate
and diluted solution were investigated in this research. 
To compare the voltage effectiveness, various voltages

NSTI-Nanotech 2006, www.nsti.org, ISBN 0-9767985-7-3 Vol. 2, 2006626



were applied on the electrodes. Fig. 3 shows the higher
voltage provide the better trapping efficiency; however,
the lower voltage almost could not retained any DNA 
molecules during the reagent flow with 5V applied.
That means the higher voltage could drive the DNA
molecules moving toward to the boundary layer of the
electrode surface and attached strongly on it. The
DNA concentration in the collected fluid through an 
electrical field is obviously reduced.
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Figure 3. The DNA concentration result with various
voltage applied compared with the reagent flow on the
same chip. 

Moreover, Fig. 4 shows the influence of flow rate.
With the voltage applied for DNA extraction, the 
initially drops could maintain almost with perfectly
trapping. After the collected sample saturated, the
lower flow rate provided the better tapping efficiency
comparing to the higher one. It is not easy to remain
the trapping DNA molecules on the electrode plate
with the higher flow rate. In addition, the higher flow
rate also produced a thinner boundary layer where
could aggregated less amount of the DNA molecules. 
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Figure 4. The DNA concentration result with various
flow rate compared with the same power applied
during the reagent flow on the same chip. 

Comparing the diluted solutions in Figure 5, it
can be seen that the ionic concentration of fluid will
also be an important factor in influencing the DNA

trapping effectiveness by the established electrical 
field. The main influence comes from the electrical 
double layer (EDL) around the suspended mass
particles. The higher the ionic concentration, the better
the EDL can shield the mass particles from the
electrical field. 
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Figure 5. The DNA concentration result with various
diluted solution compared for the reagent flow on the
same chip. 

By using electrodes, the electric-filed-driven
motion could moved the DNA molecules toward to the
nearby of the surface. Therefore, the strong attachment
between the DNA molecules and solid layer provided
not only by boundary layer effect, but also by electric
driving force. The boundary layer enhanced the
molecules trapping efficiency cause of the nearly zero 
velocity in this region. Moreover, the DNA molecules
with electrons were charged and moved toward to the
electrodes surface. With these two major trapping
mechanisms, the DNA molecules could be attached 
strongly on the surface of the electrodes.

3.2 DNA concentrate experiment 

In this research, we also proposed the method for
releasing the trapped DNA molecules. Fig. 6 shows the 
result with a reversed DC voltage applied. During an 
experiment, a charge-carrying-molecule liquid sample
was first slowly primed into this micro-channel and 
maintained inside the channel while a DC voltage was
applied to the electrodes for 5 minutes. Then the
polarities of the applied DC voltage is reversed for 10
seconds and then turned off before the liquid inside the
micro-channel is collected. The reference
concentration of such a liquid sample through the
micro-channel is 0.18ng/ L. And the concentration of 
liquid sample of the same volume after being exposed
to the aforementioned electrical field for 5 minutes and 
field reversion for 5 seconds becomes 0.08ng/ L.
After the electrical field is reversed for 10 seconds and 

NSTI-Nanotech 2006, www.nsti.org, ISBN 0-9767985-7-3 Vol. 2, 2006 627



removed, the next two collected samples of the same
volume are showing concentration values of
0.20ng/ L and 0.27ng/ L respectively.

0.18

0.08

0.2

0.27

0
0

0.05

0.1

0.15

0.2

0.25

0.3

Control 126V,
5mins

reverse
126V 10s

0V 126V,
5mins

co
nc

en
tr

at
io

n 
(n

g/
ul

)

Figure 6. The experimental result shows that the DNA 
was trapped as a constant DC voltage applied and the
DNA were released as a reversed one applied on the
electrode.

The results show that the sample collected 
immediately after the application the electrical field 
has greatly reduced concentration while the subsequent
samples collected after the electrical field is removed
have higher concentration than that of the reference
value of 0.18ng/ L. And the increment beyond the 
reference value is nearly equal to the reduction below
the reference concentration, which also reveals the fact
that sample concentration is mainly changed by the
application of electrical field. 

4  CONCLUSIONS

The advantage of this research provided the
controllability methods for the DNA trapping and
concentrating. The DNA molecules could moving
toward to nearby the boundary layer and immobilized
onto the surface of electrodes as the electricity applied.
With both of electric field applied and slow flow
region effectiveness, the DNA molecules were
attached on the electrode easily during the reagent
flow in micro-channel. The electric field applied and 
diluted solutions selected are the important procedure
factors for trapping the DNA molecules. The method
to release the trapped DNA molecules using reversed
voltage control electrical field was achieved.
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