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Addressable micropost array for the dielectrophoretic manipulation
of particles in fluid

T. P. Hunt, H. Lee, and R. M. Westervelt®)
Department of Physics and Division of Engineering and Applied Sciences, Harvard University, Cambridge,
Massachusetts 02138

(Received 6 April 2004; accepted 25 October 2004

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 dielectrophorei®4@merican
Institute of Physics[DOI: 10.1063/1.1840109

DielectrophoresigDEP) is a well-known technique for the particle is pulled to the maximum of the electric field.
manipulating neutral particles in flufd® Much investigation DEP takes advantage of ac fields to minimize both the volt-
has gone into the performance of traps with fixed fieldage across biological cell membranes and the electro-osmotic
geometrie¥® and their use for electrical characterizafion flow of the charged double lay&rBy controlling the fre-
and separatiofi ™ of cells and particles. Electric-field gra- quency, fluid conductivity, and electric-field distribution, it is
dients for DEP traps are generated by microfabricated elegossible to trap a given particle with either nDEP or pDEP.
trodes that produce local electric fietldsor by microfabri- The micropost matrix shown in Fig. 1 uses post shaped
cated insulators that alter the flow of ions in solutidin  electrodes to concentrate the electric field lines under the
array of traps with independent addressable electrodes preells in the fluid. Figure @8 shows a micrograph of the
vides a more flexible and powerful manipulation system tharmicropost matrix, and Fig.(l) shows the layout of the mi-
traps with fixed electric field geometriéAn addressable croposts in three dimensions. The posts help to isolate the
array of closely spaced electrodes is capable of transportingells from electric fields produced by the leads. A schematic
cells or particles across the arrdyCombining an array of ~cross-sectional view of the device is provided in Figc)1
addressable electric traps with microfluidic channels allowsThe post shaped electrodes function as an array of mono-
the creation of a programmable microfluidic system that carpoles that can be charged with different analog voltages—the
independently control the motion of many cells at once. ~ field lines go from the posts to a conducting cover plate.

In this letter, we describe a micropost matrix, which isa ~ The micropost matrix was constructed on a glass sub-
two-dimensional array of post shaped electrodes combinegtrate. Electrical leads were defined by liftoff of a metal layer
with a microfluidic channel. The micropost matrix is capable(7.5 nm Ti, 50 nm Ay following photolithographic pattern-
of versatile manipulation of particles and cells using DEPINg. A thick (10 um) layer of biocompatible resist, SU-8
Each electrode is independently addressable by an analdlylicrochem), was used to pattern a mold for electrodeposi-
voltage source, which allows fine control of the trappingtion of the gold microposts. A dilute HF dip was used prior to
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 Fpgp=2mesr> RECM(w)]VE2 _ wherer is the

rms . .
radius of the particleE,, is the root-mean-squarg@ms) 2’3,’,‘33?{5’;‘ F ,2‘.4;{,?,1‘{""‘
electric field, g; is the fluid permittivity, CMw) is the coverslip © «— trapped cell

Clausius—Mossotti factor, and is the frequency of the elec- iNEHIS0ng lager gold micropost

: .
tric field. CM(w) is dependent on the relative permittivity electifeallead %glass substrate

and conductivity of the particle and the fltiénd it can vary
between -0.5 and 1. When GM) <0, the fluid is more FIG. 1. (Color onling Micrograph and schematic diagram of the micropost

: ; : : atrix. (a) Micrograph of the micropost matrix. The tops of the posts are in
polarizable than the particle, and the particle is pulled towarlﬂe focal plane, the electrical leads are below the focal plane, and the insu-

t_he local minimum of the electric field. This is called nega- lating SU-8 is transparentb) Three-dimensional drawing showing the de-
tive DEP (nDEP). Positive DEP(pDEP) occurs when the sign of the micropost matrixc) Cross-sectional schematic of the device.

pa_rticle iS more polarizable than the fluid, ((:M>0, and The micropost matrix is composed of gold leads with 4@ high post
shaped electrodes on top of them. The array of electrodes is capped with a
2 pm thick insulating layer. The insulating layer forms the bottom of a
3Electronic mail: westervelt@deas.harvard.edu 45 um high fluidic chamber that is sealed with a conductive coverslip.
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FIG. 3. (Color onling Trapping and manipulation of a single yeast cell with
pDEP.(a) A yeast cell(circled, contrast enhanceis translated clockwise in

a square pattern above the micropost matrix. The post shaped electrodes,
5 um in diameter, are spaced }18n 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 2um above the bottom of the chamber, close to the center of the
trapped yeast cell. Arrows indicate direction of trap motion. The locations of
FIG. 2. (Color) Electric-field simulations of trapping fields created by the €nergized micropost electrodes are circled in white; grounded electrodes are
micropost matrix.(a) Electric-field pattern in a plane located;8n above  Circled in dotted white.

the top of the posts showing a minimum for nDEP trappifig. Electric-

field pattern in a plane located 4m above the top of the posts showing a

maximum for pDEP trappingc) Cross section of the field pattern along the matrix were energized witi,,=10 V while a local field

The actual geometry of the device is outlined in the figure, including the . . .

location of the leads and a cross section of the posts. and the grounded c_ondu_ctlve coverslip. Flgur@ and.Zd)
show the top and side views of a pDEP trap simulation. One
post is energized withV,,=10 V while the remainder are

SU-8 spin coating to improve the adhesion of the SU-8 resisgrounded. The maximum of the electric field is directly
to the glass substrate. The microposts were electrodepositédove the energized post. These simulations show that the
in gold plating solution, stirred at 70 °C, with a deposition field from the leads in the microfluidic channel is small com-
rate ~3 um/h. An insulating laye2 um thick) and a flu- pared with the field created by the microposts, because the
idic chamber(45 um high), both SU-8, were patterned on leads are located 1@m below the top of the microposts. If
top of the microposts. Inlet and outlet holes for fluidics weremultiple electrodes are energized at the same time, the mi-
drilled through the substrate with a diamond bit, and thecropost matrix can produce multiple electric field peaks. In
device was glued to a ceramic carrier with matching holes. Aaddition, through the use of a thicker insulating layer and
glass coverslip was sputter coated with indium tin oxide totwo posts at different analog voltages, it would be possible to
produce a conducting layer. The coating had an optical transsontinuously translate the position of the field maximum be-
mittance>90% and resistance 1l k() across the length of tween two posts.
the coverslip. The coverslip was sealed on top of the fluidic  Figure 3 shows pDEP trapping and manipulation of a
channel with low viscosity cyanoacrylafeoctite 408. single yeast cell. Micrographs of the trapped cell are shown
Electrical connections were made through aluminumin Fig. 3(@) while corresponding simulations of the trapping
wire bonds to the ceramic carrier, which was inserted in dield are shown in Fig. ®). Bakers yeastSaccharomyces
socket on a circuit board connected to the voltage sourceserevisiag was mixed in a solution of distilled water and
The socket also provided the fluidic connection through arllO0 mM mannitol. Yeast cells were injected into the micro
O-ring seal between the chip carrier and a syringe pump. Aluidic channel by a syringe pump and a single cell was
computer equipped with analog voltage output channels prdrapped in the maximum of the electric field as shown in Fig.
duced a dc signal for each electrode. The dc signals wer&@). The center of the trap was moved from one post to
individually multiplied with the output of a single function another by selectively energizing one post at a time with
generator to provide an ac voltage to each post with ampliV,es=10 V and w=10 MHz. A simulation of the trapping
tude Vpos=0 to 10 V at frequencies up =10 MHz. The field corresponding to the cell location in each frame of Fig.
conductive coverslip was grounded in all of the experiments3(a) is shown in Fig. 8). The post diameter was designed to
reported here. be similar to the cell sizé~5 um). The trapped yeast cell
Figure 2 shows simulations of the electric-field patternsfollowed the electric field maximum with a velocity
produced by the micropost matrix for both pDEP and nDEP~10 um/s as the field maximum moved from one post to
trapping. Simulations were performed using a finite elemenanother. It was also possible to trap and move multiple yeast
package(Maxwell 3D, Ansofy) on the actual device geom- cells in multiple traps by simultaneously energizing more
etry shown in Fig. 1. Electrical leads, micropostuf in  than one micropost.
diameter, 10um in height and spaced 1&om center to cen- Figure 4 shows nDEP trapping of polystyrene beads with
ter, an insulating layer 2m thick, a channel 4am high  the same device used for pDEP. Polystyrene bgadg.m
filled with water, and a conductive coverslip. The top anddiameter, Duke Scientificwere washed in deionized water
side view of a typical nDEP trap simulation are pictured inand injected into the device. Energizing the posts on the edge
Figs. 2a) and Zc). In the nDEP trap, the minimum of the of the matrix with V,s=10 V and =10 MHz while the
electric field is formed §m above the top of the posts in posts in the center of the matrix were grounded, created a

Fig. 20c). In this simulation, the posts on the edge of thelocal field minimum in the fluidic chamber8 wm above
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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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