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Latex beads are adhered to the surface of a chip containing polycrystalline silicon interdigitated
electrodes by positive dielectrophoresis. The presence of the microparticles induces a change in the
distribution of the electric fields and currents that can be detected by measuring either the
conductance or the capacitance at the electrode terminals. This combination of actuation and
detection with a single device is proposed as a suitable system applicable to biosensing.
© 2007 American Institute of Physics. �DOI: 10.1063/1.2731311�

Bead-based sensors are becoming common tools in bio-
analytical chemistry. One of the most popular approaches
uses paramagnetic particles as mobile substrates, where cap-
tured biomolecules are immobilized. A magnetic field is ap-
plied in order to attract the beads to the transducer surface.
As a result of a biorecognition event, a signal, either
electrochemical,1 optical,2 or magnetoresistive,3,4 is gener-
ated. Magnetoresistive detection systems are gaining consid-
erable interest in recent years.5 The recognition between the
capture element and the analyte results in the attachment of
the beads to the sensor surface, where the presence of the
magnetic particles is detected by a change in the resistivity
of the material. Giant magnetoresistive devices,6 anisotropic
magnetic resistive rings,7 Hall effect sensors,8–10 as well as
spin valves11 and magnetic tunnel junction structures12,13

have been proposed as suitable transducers for this kind of
measurements.

In the present work, an alternative approach based on
electric preconcentration and detection of latex beads is pre-
sented and tested. It consists in the accumulation and ad-
sorption of the microparticles at the surface of a pair of in-
terdigitated electrodes by positive dielectrophoresis, fol-
lowed by their impedimetric detection. The electrodes are
made of polycrystalline silicon. Their capability of measur-
ing both the conductivity ��� and the permittivity ��� of the
solution where they are immersed has been previously
demonstrated.14 The conductance �G� and the capacitance
�C� measured at the electrodes are inversely proportional to
these two magnitudes, respectively, by the cell constant �k�:

C =
�

k
, �1�

G =
�

k
. �2�

The cell constant depends on both the geometry of the
electrodes and the geometry of the space between the elec-
trodes filled with the solution. The presence of insulating
objects at the electrode surface alters the electric field distri-
bution and the path of currents, thus changing the geometry
of the cell �Fig. 1�. This variation can be monitored by a

change in the measured conductance or capacitance. The
magnitude of the change in the cell constant depends on both
the size of the insulating objects and their surface coverage.
Translated to the system under study, beads with larger ra-
dius give rise to a larger signal as individuals, leading to a
more sensitive detection, whereas smaller particles lead to a
higher amount of beads per unit area, thus allowing a wider
dynamic range.

Dielectrophoresis refers to the force on polarizable par-
ticles in a spatially nonuniform electric field and provides a
suitable method for manipulating microparticles in liquid
suspension. Two types of forces can be exerted: particles can
be pulled towards points of maximum electric field �termed
positive dielectrophoresis� or pushed towards locations of
minimum electric field �termed negative dielectrophoresis�.
Here, positive dielectrophoresis is used in order to accumu-
late beads at the electrode fingers, where the electric field
lines converge and the presence of the insulating micropar-
ticles has a greater impact on the cell constant �Fig. 2�. Latex
beads remain adhered to the surface after the dielectro-
phoretic force is turned off.15 This dielectrophoretically
driven adhesion of beads emulates microparticle attachment
by a biorecognition event, like in magnetoresistive
biosensors.5 Interdigitated electrodes with 3 �m width fin-
gers separated by 10 �m and 3 �m diameter latex beads are
used in this work. Electrodes with similar electric field pen-
etration depth have been previously used in dielectrophoretic
accumulation of latex particles.15,16

In order to enhance the adhesion of beads, the sensors
were grafted with 3-aminopropyltrymethoxysilane in a gas-
phase procedure, by closing them in a previously nitrogen
saturated chamber containing the silane, overnight. Hydro-
carbonated chains in the silane render the surface more hy-
drophobic, promoting van der Waals interactions with the
particles, and the terminal amino groups provide positive
charges that can interact with negative counterparts present
at the bead surface. Dielectrophoresis was performed after
applying a drop of 0.25% �w /v� beads in 250 mM glycine
buffer, which has a conductivity of 15 �S/cm. Amino-acid-
based buffers have been previously used as low conductivity
media in on-chip electrophoresis experiments17,18 and protein
detection biosensors.19 A peak-to-peak potential of 1 V was
applied, and the frequency was set at 5 kHz. Figure 3 shows
images of the electrodes after different accumulation times.a�Electronic mail: roberto.delarica@cnm.es
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As expected, beads preferably adhere to the surface of the
electrodes, either at the edges or on top. All the particles
present in a certain area were counted in order to assess the
on-chip bead density. These pictures clearly demonstrate that
the proposed electrodes are able to concentrate micron-sized
latex particles by positive dielectrophoresis.

Variation in the electrical properties of the cell caused by
the presence of the microparticles was evaluated with the
following experiment. An impedance spectrum of the bead-
modified electrodes was taken from 1 MHz to 10 kHz apply-
ing a 10 mV amplitude excitation signal, in 250 mM glycine
buffer, after each accumulation step. The spectra were fitted
to an equivalent circuit in order to obtain the resistance and
the capacitance of the solution. Details about the fitting pro-
cedure have been published elsewhere.14 Resistance values
were converted to conductance ones by simply inverting
them. Results were translated into percentages, taking the
plain sensor without beads as a reference. A parallel blank
experiment was also performed by repeating the dielectro-
phoresis with another sensor in a solution containing no
beads. These measurements monitor changes in the magni-
tudes of interest due to other factors, such as temperature
drift or carbon dioxide diffusion, and were subtracted from
the former ones. Figure 4 shows a plot of the variation in
conductance and capacitance versus bead density. Saturation
at high bead density values is caused by accumulation in the
space between the fingers, where the impact of the insulating
particles in the geometry of the cell is lower than that at the
electrode surface. Both capacitance and conductance mea-
surements give rise to comparable plots, as expected from a
change in the cell constant, with a 2�103 bead−1 mm2 slope

in the linear part of the curve. These experiments prove that
3 �m diameter insulating microparticles can be detected us-
ing interdigitated electrodes with the proposed geometry.

In conclusion, a bead-based electric actuation and trans-
duction system has been presented and tested. This approach
is comparable to magnetoresistive biodetection, that is, di-
electrophoretic accumulation substitutes magnetic precon-
centration and impedimetric transduction replaces magne-
toresistive detection. Polycrystalline silicon interdigitated
electrodes can be fabricated with complementary metal-
oxide-semiconductor technologies and modified with bio-
molecules, i.e., antibodies.19 Latex beads modified with a
wide variety of capture biomolecules are commercially avail-
able. Thereby, a biosensor may be easily developed, the ana-
lyte acting as a bridge between the transducer surface and the
dielectrophoretically preconcentrated beads. Combination of
these electrodes with microfluidics for bead manipulation

FIG. 1. Schematic representation of the detection system. Particles are at-
tracted to the points of maximum electric field, changing the field lines
distribution.

FIG. 2. Scanning electron microscopy image of the 3 �m width beads ad-
hered at the sensor surface.

FIG. 3. Images of bead-coated electrodes with �a� 0.2, �b� 2, �c� 3, and �d�
8�103 mm−2 bead density.

FIG. 4. �Color online� Percentage decrease in the conductance �circles� and
the capacitance �squares� of the solution for different bead coverages.
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makes the proposed detection system an appealing alterna-
tive for fully integrated biosensors and laboratory-on-chip
systems.
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