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A microfluidic device has been developed to trap and position neutral particles using
dielectrophoresis. An array of microscale post shaped electrodes provides an inhomogeneous
electric field. The voltage on each electrode can be independently controlled by a computer to trap
and move particles in fluid above the micropost electrodes. Yeast cells and polystyrene spheres were
trapped and moved, demonstrating both positive and negative dielectrophoresis. ©2004 American
Institute of Physics. [DOI: 10.1063/1.1840109]

Dielectrophoresis(DEP) is a well-known technique for
manipulating neutral particles in fluid.1–5 Much investigation
has gone into the performance of traps with fixed field
geometries6–8 and their use for electrical characterization9

and separation10–13 of cells and particles. Electric-field gra-
dients for DEP traps are generated by microfabricated elec-
trodes that produce local electric fields14 or by microfabri-
cated insulators that alter the flow of ions in solution.15 An
array of traps with independent addressable electrodes pro-
vides a more flexible and powerful manipulation system than
traps with fixed electric field geometries.16 An addressable
array of closely spaced electrodes is capable of transporting
cells or particles across the array.17 Combining an array of
addressable electric traps with microfluidic channels allows
the creation of a programmable microfluidic system that can
independently control the motion of many cells at once.

In this letter, we describe a micropost matrix, which is a
two-dimensional array of post shaped electrodes combined
with a microfluidic channel. The micropost matrix is capable
of versatile manipulation of particles and cells using DEP.
Each electrode is independently addressable by an analog
voltage source, which allows fine control of the trapping
field inside the microfluidic channel. With the electric field
produced by the micropost matrix, cells and polystyrene
beads were trapped and transported inside a microfluidic
channel. The union of microfluidics and a matrix of DEP
traps creates a device capable of manipulation, separation,
and assembly of individual cells.

The DEP force on a polarizable particle arises from the
interaction between an inhomogeneous electric field and the
dipole induced on the particle. The DEP force on a spherical
particle is FDEP=2p« fr

3 RefCMsvdg¹Erms
2 , where r is the

radius of the particle,Erms is the root-mean-squared(rms)
electric field, « f is the fluid permittivity, CMsvd is the
Clausius–Mossotti factor, andv is the frequency of the elec-
tric field. CMsvd is dependent on the relative permittivity
and conductivity of the particle and the fluid,2 and it can vary
between −0.5 and 1. When CMsvd,0, the fluid is more
polarizable than the particle, and the particle is pulled toward
the local minimum of the electric field. This is called nega-
tive DEP (nDEP). Positive DEP(pDEP) occurs when the
particle is more polarizable than the fluid, CMsvd.0, and

the particle is pulled to the maximum of the electric field.
DEP takes advantage of ac fields to minimize both the volt-
age across biological cell membranes and the electro-osmotic
flow of the charged double layer.3 By controlling the fre-
quency, fluid conductivity, and electric-field distribution, it is
possible to trap a given particle with either nDEP or pDEP.

The micropost matrix shown in Fig. 1 uses post shaped
electrodes to concentrate the electric field lines under the
cells in the fluid. Figure 1(a) shows a micrograph of the
micropost matrix, and Fig. 1(b) shows the layout of the mi-
croposts in three dimensions. The posts help to isolate the
cells from electric fields produced by the leads. A schematic
cross-sectional view of the device is provided in Fig. 1(c).
The post shaped electrodes function as an array of mono-
poles that can be charged with different analog voltages—the
field lines go from the posts to a conducting cover plate.

The micropost matrix was constructed on a glass sub-
strate. Electrical leads were defined by liftoff of a metal layer
(7.5 nm Ti, 50 nm Au) following photolithographic pattern-
ing. A thick s10 mmd layer of biocompatible resist, SU-8
(Microchem), was used to pattern a mold for electrodeposi-
tion of the gold microposts. A dilute HF dip was used prior to
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FIG. 1. (Color online) Micrograph and schematic diagram of the micropost
matrix. (a) Micrograph of the micropost matrix. The tops of the posts are in
the focal plane, the electrical leads are below the focal plane, and the insu-
lating SU-8 is transparent.(b) Three-dimensional drawing showing the de-
sign of the micropost matrix.(c) Cross-sectional schematic of the device.
The micropost matrix is composed of gold leads with 10mm high post
shaped electrodes on top of them. The array of electrodes is capped with a
2 mm thick insulating layer. The insulating layer forms the bottom of a
45 mm high fluidic chamber that is sealed with a conductive coverslip.
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SU-8 spin coating to improve the adhesion of the SU-8 resist
to the glass substrate. The microposts were electrodeposited
in gold plating solution, stirred at 70 °C, with a deposition
rate ,3 mm/h. An insulating layer(2 mm thick) and a flu-
idic chamber(45 mm high), both SU-8, were patterned on
top of the microposts. Inlet and outlet holes for fluidics were
drilled through the substrate with a diamond bit, and the
device was glued to a ceramic carrier with matching holes. A
glass coverslip was sputter coated with indium tin oxide to
produce a conducting layer. The coating had an optical trans-
mittance.90% and resistance,1 kV across the length of
the coverslip. The coverslip was sealed on top of the fluidic
channel with low viscosity cyanoacrylate(Loctite 408).

Electrical connections were made through aluminum
wire bonds to the ceramic carrier, which was inserted in a
socket on a circuit board connected to the voltage sources.
The socket also provided the fluidic connection through an
O-ring seal between the chip carrier and a syringe pump. A
computer equipped with analog voltage output channels pro-
duced a dc signal for each electrode. The dc signals were
individually multiplied with the output of a single function
generator to provide an ac voltage to each post with ampli-
tude Vpost=0 to 10 V at frequencies up tov=10 MHz. The
conductive coverslip was grounded in all of the experiments
reported here.

Figure 2 shows simulations of the electric-field patterns
produced by the micropost matrix for both pDEP and nDEP
trapping. Simulations were performed using a finite element
package(Maxwell 3D, Ansoft) on the actual device geom-
etry shown in Fig. 1: Electrical leads, microposts 5mm in
diameter, 10mm in height and spaced 15mm center to cen-
ter, an insulating layer 2mm thick, a channel 45mm high
filled with water, and a conductive coverslip. The top and
side view of a typical nDEP trap simulation are pictured in
Figs. 2(a) and 2(c). In the nDEP trap, the minimum of the
electric field is formed 8mm above the top of the posts in
Fig. 2(c). In this simulation, the posts on the edge of the

matrix were energized withVpost=10 V while a local field
minimum was created between four grounded inner posts
and the grounded conductive coverslip. Figures 2(b) and 2(d)
show the top and side views of a pDEP trap simulation. One
post is energized withVpost=10 V while the remainder are
grounded. The maximum of the electric field is directly
above the energized post. These simulations show that the
field from the leads in the microfluidic channel is small com-
pared with the field created by the microposts, because the
leads are located 10mm below the top of the microposts. If
multiple electrodes are energized at the same time, the mi-
cropost matrix can produce multiple electric field peaks. In
addition, through the use of a thicker insulating layer and
two posts at different analog voltages, it would be possible to
continuously translate the position of the field maximum be-
tween two posts.

Figure 3 shows pDEP trapping and manipulation of a
single yeast cell. Micrographs of the trapped cell are shown
in Fig. 3(a) while corresponding simulations of the trapping
field are shown in Fig. 3(b). Bakers yeast(Saccharomyces
cerevisiae) was mixed in a solution of distilled water and
100 mM mannitol. Yeast cells were injected into the micro
fluidic channel by a syringe pump and a single cell was
trapped in the maximum of the electric field as shown in Fig.
3(a). The center of the trap was moved from one post to
another by selectively energizing one post at a time with
Vpost=10 V and v=10 MHz. A simulation of the trapping
field corresponding to the cell location in each frame of Fig.
3(a) is shown in Fig. 3(b). The post diameter was designed to
be similar to the cell sizes,5 mmd. The trapped yeast cell
followed the electric field maximum with a velocity
,10 mm/s as the field maximum moved from one post to
another. It was also possible to trap and move multiple yeast
cells in multiple traps by simultaneously energizing more
than one micropost.

Figure 4 shows nDEP trapping of polystyrene beads with
the same device used for pDEP. Polystyrene beads(10 mm
diameter, Duke Scientific) were washed in deionized water
and injected into the device. Energizing the posts on the edge
of the matrix with Vpost=10 V and v=10 MHz while the
posts in the center of the matrix were grounded, created a
local field minimum in the fluidic chamber,8 mm above

FIG. 2. (Color) Electric-field simulations of trapping fields created by the
micropost matrix.(a) Electric-field pattern in a plane located 8mm above
the top of the posts showing a minimum for nDEP trapping.(b) Electric-
field pattern in a plane located 4mm above the top of the posts showing a
maximum for pDEP trapping.(c) Cross section of the field pattern along the
dotted line in(a). (d) Cross section of the field along the dotted line in(b).
The actual geometry of the device is outlined in the figure, including the
location of the leads and a cross section of the posts.

FIG. 3. (Color online) Trapping and manipulation of a single yeast cell with
pDEP.(a) A yeast cell(circled, contrast enhanced) is translated clockwise in
a square pattern above the micropost matrix. The post shaped electrodes,
5 mm in diameter, are spaced 15mm center to center.(b) Electric-field
simulations of the trapping field acting on the yeast cell in each location.
The yeast is pulled into the maximum of the electric field. The simulation
plane is 2mm above the bottom of the chamber, close to the center of the
trapped yeast cell. Arrows indicate direction of trap motion. The locations of
energized micropost electrodes are circled in white; grounded electrodes are
circled in dotted white.
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the top of the grounded posts. The bead was trapped in the
minimum of the electric field. The trap was moved above the
matrix by selectively energizing or grounding the inner
posts. In Fig. 4(a), a bead follows the nDEP trap as the field
minimum is translated across the middle of the matrix. Fig-
ure 4(b) shows corresponding simulations of the field pat-
terns that act on the bead in Fig. 4(a). The polystyrene bead
was trapped and transported through the fluid above the mi-
cropost matrix without bringing it into contact with the bot-
tom of the chamber, an added advantage of nDEP. Continu-
ous transport across the center of the device is possible by
applying analog voltages to the posts in the center of the
matrix.

In this letter, we have described a micropost matrix and
demonstrated trapping and manipulation of cells and par-
ticles in a microfluidic channel. The electric fields from the
sequentially energized micropost electrodes moved yeast
cells and polystyrene beads using positive and negative di-
electrophoresis. A two-dimensional addressable array of mi-
croelectrodes for DEP manipulation offers the possibility of
programmable real time control over the location of cells and
particles in a microfluidic system.
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FIG. 4. (Color online) Trapping and manipulation of a single 10mm diam-
eter polystyrene bead with nDEP.(a) The trapped bead(circled by dotted
line, contrast enhanced) follows the minimum of the electric field created by
the micropost matrix.(b) Simulation of the field inside the microfluidic
channel in a plane located 8mm above the top of the microposts. The field
minimum is produced between the grounded conductive coverslip and the
grounded micropost electrodes(location circled in white) surrounded by
energized micropost electrodes(location circled in gray). The trap was
moved above the matrix by selectively energizing or grounding the micro-
posts. Arrows indicate the direction of trap motion.

Appl. Phys. Lett., Vol. 85, No. 26, 27 December 2004 Hunt, Lee, and Westervelt 6423

Downloaded 03 Jan 2005 to 128.103.60.225. Redistribution subject to AIP license or copyright, see http://apl.aip.org/apl/copyright.jsp


