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A method for efficiently trapping nanoparticles using a dielectrophoresis (DEP)-assisted plasmonic trap is
presented. The proposed method overcomes the range limitations of a conventional plasmonic trap by employing
a long-range DEP force to draw a nanoparticle closer to the plasmonic trap. To create the plasmonic trap, a
C-shaped engraving is used as it can trap a nanoparticle in a very small volume near the surface. A nanopillar
is selected as the electrode to generated the DEP force as its height allows the force to extend further away
from the surface. Extensive numerical simulations are performed to evaluate the performance improvement of
the proposed scheme over conventional plasmonic trapping methods. The simulations show that the proposed
scheme increases the probability of a successful trapping event by a factor of approximately three.

DOI: 10.1103/PhysRevA.95.023840

I. INTRODUCTION

Noninvasive trapping and manipulation of submicron-sized
particles is an important area of research in the field of
nanotechnology and bioscience [1–3]. Optical tweezers [4,5]
employing focused laser beams have been successfully used
to trap and manipulate small particles and biological samples
[6,7]. However, the diffraction limit sets a bound on the
maximum resolution that can be achieved using a single
focused laser beam. Near field optical trapping techniques
such as plasmonic traps have been developed to overcome the
focusing limitations of conventional optical tweezers [8,9].
When a plasmonic structure is illuminated, it can confine light
tighter than the diffraction limit, making it possible to trap
subwavelength sized objects. The evanescent fields created
near the surface of a metallic structure generates an optical
gradient force which can be used to trap a nanoparticle.
Compared to the three-dimensional approach of conventional
optical tweezers, the surface characteristics of plasmonic traps
make it possible to design a 2D array of such traps [10–14].
The potential of such parallelization makes plasmonic traps an
attractive choice for laboratory-on-a-chip applications.

In plasmonic trapping experiments, a liquid medium con-
taining the particles to be trapped is placed on top of the
plasmonic structure. A laser is used to illuminate the structure
from the top or bottom side. If the incident light is near
the plasmon resonance wavelength, a very high near-field
intensity is achieved in the vicinity of the metal structure.
The plasmon resonance wavelength and the corresponding
intensity enhancement depends on the geometry of the
structure and the optical properties of the metal and the
surrounding dielectric. Unlike the far-field focusing used in
optical tweezers, the near-field of the plasmonic structure
is confined to subwavelength dimensions. The high-intensity
gradient in the near-field creates a strong optical force [15]
that can trap particles smaller than the exciting wavelength.
Several plasmonic structures have been developed, such as
circular apertures [16], nanopillars [17–19], bowtie antenna
[20], and C-shaped apertures and engravings [10,11]. These
structures have been successfully used in many applications.
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The characteristics that make plasmonic traps desirable can
also lead to some unwanted issues. As plasmonic traps operate
in the evanescent field region, which decreases exponentially
with the distance from the resonant surface, the associated
optical forces are substantial only in a very small region.
Although the resulting trap has subwavelength resolution, its
effective range is severely limited. Unlike optical-tweezers,
plasmonic traps cannot be moved freely in 3D space to pluck
particles from the liquid medium. In most cases, a focused
laser beam is used to manually drag a particle near the
plasmonic trap to load it. This loading problem can be a
serious issue. Without manual loading, it may take a very long
time to successfully trap a particle if the particle density in
the medium is low. The loading problem can be a bottleneck
in implementing large-scale parallelization of such traps for
laboratory-on-a-chip applications. In this paper, we propose
the use of the dielectrophoresis (DEP) force to draw particles
near the plasmonic trap for more efficient particle loading.

The DEP force is the time averaged net force a dielectric
particle experiences when it is submerged in a nonuniform AC
electric field. Like the optical force, the DEP force originates
from the gradient of the electric field intensity. It is created by
applying an AC voltage (with frequencies usually ranging from
kHz to MHz) across a pair of electrodes. The resulting electric
field distribution depends on the shape of the electrodes.
The magnitude of the force depends on the gradient of the
field intensity, dielectric constants of the particle and the
surrounding medium, the frequency of the excitation, and
the size of the particle. DEP has been successfully used to
trap and manipulate small particles for various applications
[21–24]. Unlike near-field optical forces, DEP forces extend
much farther away from the electrodes resulting in longer
range. However, the DEP traps do not confine fields as tightly
as the plasmonic traps. As a result, the position distribution
of a particle in a DEP trap spans a much larger volume than
that of a particle trapped in a plasmonic trap. The difference in
resolution becomes more prominent as the particle size goes
down. This inferior resolution makes the DEP trap less-suitable
for applications demanding higher precision.

A trapping scheme capable of exerting long-range force as
well as maintaining a high resolution is highly desirable. In
this work, we propose a composite trapping method that uses
both DEP and optical forces. We posit that using the DEP
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FIG. 1. Three-dimensional representation of the proposed DEP-
assisted plasmonic trap. The green sphere represent a nanoparticle.

force in conjecture with the optical force can help solve the
loading problem of plasmonic traps. The proposed scheme
consists of a DEP trap in close proximity to a plasmonic trap.
The separation between them is small enough so that there is
overlapping between the trapping regions of the two traps. In
such a system, if the long-range DEP trap is activated first (with
the plasmonic trap turned off), a particle will be drawn toward
the trapping region. After a certain time, if the DEP force is
turned off and the optical force is turned on, a particle near
the DEP trap will be transferred to the nearby plasmonic trap.
This scheme combines the long-range capabilities of the DEP
force with the high-resolution characteristics of the plasmonic
trap. To the best of the authors’ knowledge, no simulation or
experimental work on such a scheme has been reported in the
literature to date.

Appropriate structures must be selected to implement the
proposed scheme. For the plasmonic trap, we select a structure
that can produce high trapping resolution. The C-shaped
structures (apertures or engravings) can achieve a resolution
of less than λ/10 and create strong near-field enhancement
[25,26]. Due to the asymmetry of the C-shape, the generated

field enhancement is polarization dependent, which can be
useful when trying to excite a single trap in a multitrap
system [10]. Based on these desirable properties, we use a
gold C-shaped engraving (CSE) [11,12] as the plasmonic trap
in this paper. To generate the DEP force, a nanopillar is used
as one of the electrodes. An indium tin oxide (ITO) plate
is selected as the other electrode. The nanopillar electrode
has several advantages that make it suitable for the proposed
scheme. The height of the nanopillar allows it to exert DEP
force farther away from the surface, which helps to increase
the trapping range. Furthermore, the height of the nanopillar
can be fine-tuned to control the overlap between the trapping
regions of the DEP trap and the plasmonic trap. An optimum
overlap is required so that a particle trapped near the nanopillar
can be transferred to the CSE with high reliability. For these
reasons, we use a nanopillar-CSE structure to test the proposed
trapping scheme.

A comprehensive numerical analysis is performed to
quantify the effectiveness of the proposed scheme. A full
wave analysis is performed to calculate the fields. Forces
are calculated using Maxwell’s stress tensor. A Brownian
dynamics model incorporating hydrodynamic interactions and
a reflection mechanism is used to model the particle motion.
The motion of a single nanoparticle is simulated a large number
of times to obtain a statistical distribution of particle position.
Using these statistics, the performance of the proposed DEP-
assisted plasmonic trapping scheme is compared with that
of a stand-alone plasmonic trapping case. It is found that
the proposed scheme shows a significant increase in particle
trapping probability.

II. GEOMETRY AND TRAPPING SCHEME

The geometry of the proposed structure is shown in Fig. 1.
A schematic of top view and cross-sectional view are shown
in Fig. 2. The geometry consists of a CSE on a gold base, a
gold nanopillar, and an ITO plate. The radius and the height
of the nanopillar are denoted by rnp and hnp, respectively.
The top surface of the nanopillar is taken to be a smooth
curved ellipsoid to represent realistic geometry obtained from
nanofabrication. The xy plane dimensions of the CSE are
defined by a single parameter, α. This particular geometry
of C structures provide maximum intensity enhancement and
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FIG. 2. Two-dimensional views of the proposed geometry. (a) Top view (xy plane). (b) Cross-sectional view (x = 0).
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TABLE I. Geometric parameters.

Parameter Size (nm)

CSE characteristic parameter, α 60
Nanopillar height, hnp 120
Nanopillar radius, rnp 150
Separation between CSE and nanopillar, dsep 150
Depth of the engraving, tHSQ 150
Polystyrene particle radius, ro 150

has been successfully used for trapping applications [11,25].
The CSE is filled with the dielectric hydrogen silsesquioxane
(HSQ) [11]. A polystyrene sphere of radius 150 nm is selected
as the nanoparticle. As polystyrene spheres are chemically
very inert and proteins and ligands can easily attach onto their
surface, they have been widely used in biomedical research
[27,28]. Due to these reasons, a polystyrene sphere is an
appropriate choice for the current study.

The numerical values of the geometric parameters used
for the simulation are shown in Table I. The centers of the
nanopillar and the CSE in xy plane are located at (0,0) and
(0,rnp + dsep + 1.1α) = (0, 366 nm) points, respectively. The
base of the nanopillar and the top of the CSE are located
at z = 0 plane. A water medium containing a polystyrene
nanoparticle is sandwiched between the gold and the ITO plate.
The ITO and the nanopillar act as the two electrodes for the
DEP system. An AC voltage applied between the gold base
and the ITO generates the DEP force. Such nanopillar-shaped
electrodes have been successfully used for DEP trapping [24].
Light from a laser is considered to be applied from the top
(through the transparent ITO) to excite the CSE. This type
of excitation configuration has been successfully used for
trapping applications [11,12].

To use this geometry for efficient particle trapping, the
AC voltage is applied first to draw the nanoparticle near the
nanopillar due to DEP. After a given time, the AC voltage is
turned off and the laser is turned on. Since the particle is likely
to be already close to the nanopillar (and hence close to the
CSE), the optical force from the CSE can trap it more easily.
The term hand-off is used in this paper to refer to the transfer
of a particle from the nanopillar to the CSE.

The orientation of the CSE and its placement relative to the
nanopillar can affect the probability of a successful hand-off.
Here, the separation between the CSE and the nanopillar is
taken to be dsep = 150 nm, which is a realistic value that
can be achieved by nanofabrication. The geometric parameter
values are selected based on simulations of multiple geometric
configurations. The CSE is excited when the polarization
of incident light is parallel to the arms of the C, which is
along the y axis in Fig. 2. Although the nanopillar is used
mainly as an electrode for DEP, it also exhibits a plasmonic
resonance. Two high-field-intensity lobes are formed on the
top surface of the nanopillar. The lobes are oriented parallel
to the polarization axis of the incident light [17,18]. For the
coordinate system shown in Fig. 2, the nanopillar will focus
light near (0, ± rnp, hnp) points for a y polarized incident
light. So, when the optical excitation is turned on, the particles
located near the nanopillar will be moved toward these points.
As the point (0, rnp, hnp) is close to the CSE, a nanoparticle

located near that can easily be transferred toward the CSE.
Since the optical force from the CSE is much stronger than
that from the nanopillar (≈10 times stronger), there is a very
small probability (<0.1%) of the reverse hand-off situation
(particle transfer from CSE to nanopillar). The probability of
a successful hand-off between the nanopillar and the CSE
depends on the distance between the focus regions of the two
structures. Placing the two structures along the polarization
axis of the light (with proper orientation of the CSE) minimizes
the distance a nanoparticle must travel for hand-off and thus
increase the probability of a successful trapping event.

III. DEP FORCE CALCULATION

The time-averaged DEP force acting on a spherical particle
with radius ro surrounded by a medium with complex dielectric
function (relative permittivity) ε̃m can be approximated as
[29,30]

〈FDEP〉 = 2πr3
o ε0Re[εm(ω)C̃M (ω)∇(|E|2)]. (1)

Here, |E| and ω are the amplitude and frequency of the electric
field, respectively, ε0 is the permittivity of free space, and C̃M

is the Clausius-Mossotti factor given by

C̃M (ω) = ε̃p(ω) − ε̃m(ω)

ε̃p(ω) + 2ε̃m(ω)
. (2)

Here, ε̃p is the complex dielectric function of the nanoparticle
material (polystyrene). The complex dielectric functions take
into account the absorption loss due to finite conductivity of
the materials. They are modeled as [29]

ε̃m,p(ω) = εm,p − i
σm,p

ωε0
, (3)

where εm,p are the real parts of the dielectric function and σm,p

are the conductivities. When the Re[C̃M (ω)] > 0, the DEP
force pushes the particle toward high-field-intensity regions.
This is known as positive DEP. For Re[C̃M (ω)] < 0, the
opposite condition occurs and it is called negative DEP. The
required frequency of the applied electric field for positive
and negative DEP can be obtained by plotting the Clausius-
Mossotti factor as a function of frequency [21].

Although Eq. (1) gives a good approximation of the DEP
force, the dipole approximation that it is based on does not
hold for high field gradients that are produced by very small
electrodes (like a nanopillar) [31]. In this paper, we use
Maxwell’s stress tensor to calculate the force, which is a
much more accurate method [32]. A commercial full wave
Maxwell’s equations solver (Comsol Multiphysics) is used to
calculate the electric field distribution. The material properties
used for the simulation are shown in Table II [10,21]. The

TABLE II. Material parameters.

Material

Parameter Water Polystyrene HSQ

AC dielectric constant, εr 78.5 2.55 2.9
Conductivity, σ (S/m) 1 × 10−4 1 × 10−2 1 × 10−4

Optical refractive index, n 1.33 1.58 1.4
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(a) (b) (c)

FIG. 3. AC field intensity enhancement, |E|2/|E0|2 at 10 kHz (with no nanoparticle in the system). (a) yz cross-section at x = 0. (b) xy

cross-section at z = hnp. (c) xy cross-section at z = 0.

conductivity value used for the polystyrene nanoparticle takes
into account the surface charge effects [21]. The simulation
is performed at 10-kHz frequency. A background electric
field of |E0| = 0.18 V/μm is applied between the ITO plate
and the gold film. The resulting field-intensity enhancement,
|E|2/|E0|2, with no nanoparticle in the system, is shown in
Fig. 3. The figures show that the high-field-intensity regions
are located near the nanopillar top surface and extend outward.
On the other hand, AC field intensity enhancement due to the
CSE is limited to its top surface only. This is not surprising
as the AC fields are expected to be affected by a pillar-shaped
electrode and not by a planar dielectric-filled engraving.

At 10 kHz, Re[C̃M (ω)] > 0, which leads to positive DEP
forces. To calculate the force at a specific position of the
nanoparticle, the electric field distribution with the nanoparti-
cle in the system is calculated. Then Maxwell’s stress tensor
is integrated on the surface of the nanoparticle to calculate
the force. To get the entire force-field, these calculations are
repeated for each possible particle locations. The force profile
obtained by varying the x position of the nanoparticle at
y = 0, z = 290 nm (nanoparticle surface 20 nm above the
top of the nanopillar) is shown in Fig. 4. The coordinates
(x, y, z) indicate the position of the center of the spherical
nanoparticle. It is noted that positive Fx exists for particle
position left of the nanopillar axis which pushes the particle to

(a) (b)

FIG. 4. DEP force and potential energy distribution for a 150-nm
nanoparticle (y = 0, z = 290 nm). (a) DEP force components along
x, y, and z directions. (b) DEP potential energy along x direction.

the right. For particle position right of the nanopillar axis, the
negative Fx pushes it toward the center again. The negative
Fz values indicate the the particle is pulled down toward the
nanopillar top surface. Due to symmetry of the nanopillar
geometry, Fy ≈ 0 at y = 0. The force values indicate a strong
DEP trap centered around the top surface of the nanopillar.
The potential energy along the x direction, Ux , is also shown
in Fig. 4. It is defined as

Ux(x) = −
∫ x

−∞
Fx(x ′)dx ′. (4)

The potential energy is normalized in kBT units, where kB =
1.38 × 10−23 J/K is the Boltzmann constant and T = 300 K is
the temperature. It is observed that Ux is over 30kBT deep. By
sweeping the particle position along the y direction, a similar
trend can be found for Uy . Since the thermal energy of the
nanoparticle is on the order of a few kBT , it can be concluded
that the nanopillar produces a very strong trapping potential.

IV. OPTICAL FORCE CALCULATION

Optical forces are created by the gradient of the optical
electric field intensity. At plasmonic resonance, a very high
field intensity is formed near plasmonic structures. The
intensity enhancements as a function of wavelength at 10 nm
above the center of the CSE and at 10 nm above the top surface
of the nanopillar are shown in Fig. 5. Light is assumed to be
incident from the top (through the ITO plate) at an intensity of
1 mW/μm2. It is observed that the intensity enhancement near
the CSE is much larger. So, the optical force associated with
the CSE will be much stronger than that of the nanopillar.

The wavelength at which plasmon resonance occur depends
on the material properties of the metal and surrounding
dielectric as well as the geometry of the structure. The
refractive indices of the dielectric materials are listed in
Table II. For calculating the spectral response shown in Fig. 5,
a Drude model of the gold dielectric function is used [33]. The
model fits experimental data points [34] and gives accurate
results for wavelengths above 500 nm [35]. The wavelength of
the illuminating light is selected to be 1064 nm, which is close
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FIG. 5. Optical intensity enhancement near the CSE at
(0, − 366 nm, 10 nm) point and near the nanopillar at (0, −
150 nm, 130 nm) point for light polarized along the y direction.

to the plasmon resonance wavelength of the CSE. The optical
intensity distribution at this wavelength with no nanoparticle
is shown in Fig. 6. It can be seen that significant field
intensity enhancement occurs near the CSE. Some intensity
enhancement also occurs near the nanopillar. To calculate the
optical force-field, the fields are recalculated and the surface
integral of the stress tensor is performed for each possible
position of the nanoparticle. The force profile and the potential
profile for a 1D position sweep are shown in Fig. 7. The
values are measured at y = 366 nm and z = 170 nm (along the
center of the CSE with the bottom surface of the nanoparticle
located 20 nm above the gold surface). Compared to DEP,
the optical force produces a narrower potential well, implying
a tighter trap. However, the intensity distribution shows the
smaller range of the near-field optical forces. To compare the
range of the forces, the nanoparticle position is swept in the z

direction along the center line of each structure. The separation
is measured from the top of the structure (CSE or nanopillar)
to the bottom surface of the nanoparticle. Due to symmetry,
Fx ≈ 0,Fy ≈ 0,F ≈ Fz. The coordinate-adjusted results are

(a) (b)

FIG. 7. Optical force and energy distribution for a 150-nm
particle (y = 366 nm, z = 170 nm). (a) Optical force components
along x, y, and z directions. (b) Optical potential energy along x

direction.

shown in Fig. 8. The higher slope of the optical force curve
indicates its shorter range.

V. BROWNIAN DYNAMICS

Nanoparticles in a fluid medium exhibit Brownian motion
due to thermal fluctuations. The motion of a nanoparticle
immersed in a force-field (optical or DEP) can be accurately
modeled using the modified Langevin equation [36,37]:

ṙ(t) = 1

γ
F(r,t) +

√
2kBT

γ
W(t). (5)

Here r(t) is the particle position at time t, γ is the viscous
drag coefficient, F(r,t) is the force (optical and/or DEP) on
the particle, and W(t) is a noise term that models random
collisions with the fluid molecules. This stochastic differential
equation can be numerically solved using the Euler-Maruyama
method [38]:

rk+1 = rk + 1

γ
F(rk,tk) +

√
2kBT 	t

γ
Wk. (6)

Here, each component of Wk is a Gaussian random variable
with zero mean and unit variance, and 	t = tk+1 − tk is the
time step.

(a) (b) (c)

FIG. 6. Optical field-intensity enhancement, |E|2/|E0|2 at 1064-nm incident light polarized along the y direction (with no particle in the
system). (a) yz cross-section at x = 0. (b) xy cross-section at z = hnp. (c) xy cross-section at z = 0.
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FIG. 8. Comparison of the DEP force and optical force range (y
axis in log scale), with Iinc = 1 mW/μm2 and |E0| = 0.18 V/μm.

The viscous drag coefficient, γ , depends on the radius of
the nanoparticle, viscosity of the medium, and distance of the
nanoparticle from the solid surfaces. Taking into account the
hydrodynamic interactions with a solid surface, the viscous
drag coefficient is given by [39,40]

γx,y = 6πηro

1 − 9ro

16z
+ r2

o

8z2 − 45r4
o

256z4 − r5
o

16z5

, (7)

γz = 6z2 + 2roz

6z2 + 9roz + 2r2
o

, (8)

where η is the fluid viscosity, ro is the radius of the
nanoparticle, z is the coordinate of the center of the spherical
nanoparticle, and the solid surface is assumed to be parallel
to the xy plane at z = 0. γx,y is used to calculate the x or y

component of the position vector and γz is used for calculating
the z component of the position vector using Eq. (6).

The collisions between the particle and the geometric
structures (bottom surface and the nanopillar) are modeled
as reflection operations. Taking into account the reflection
from the structures and the hydrodynamic interaction corrected
viscous drag coefficients, Eq. (6) can be used to accurately
model the nanoparticle motion.

VI. SIMULATION AND RESULTS

Using the Brownian dynamics model presented in Sec. V,
a trapping event is simulated by observing the motion of a
nanoparticle in the DEP and the optical force-field. The initial
position of the nanoparticle at t = 0 is set at a random point
near the trapping structures (less than 1 μm away from the
CSE and/or nanopillar). The position of the particle at time t is
noted. If the particle position is less than 100 nm away from the
trapping structure, the particle is considered to be successfully
trapped. This entire simulation can be repeated multiple times
to obtain a distribution of nanoparticle position. To quantify
the trapping performance, the probability of a trapping event
at time t is defined as:

ptrap(t) = Ntrap(t)

NT

, (9)

where NT is the total number of simulations performed,
and Ntrap(t) is the number of times the simulation leads to
successful trapping of the nanoparticle at time t . For each

FIG. 9. Nanoparticle position distribution at t = 0.4 sec in the xy

plane when it is near the CSE top surface (z � 250 nm) for a purely
plasmonic trap (no nanopillar).

simulation, it is assumed that only a single nanoparticle is
present in the region of interest. This approximation is valid
for modeling cases where particle density is low.

First, a base case consisting of a purely plasmonic trap
is simulated. A CSE without the nanopillar serves as the
plasmonic trap. The center of the CSE is considered to be
located at (0, 366 nm, 0) to be consistent with later simulations.
The nanoparticle motion under the optical force-field is
simulated from t = 0 to 0.4 s. The optical excitation is
kept on throughout this duration. The simulation is repeated
NT = 35 000 times to obtain the position distribution of the
nanoparticle. The position distribution in the xy plane is shown
in Fig. 9. As particle positions with z > 250 nm are far away
from the CSE, they are random in nature and are therefore
avoided in the figure. It is found that the probability of the
nanoparticle being trapped is 5.1% at t = 0.15 s and 5.4%
at t = 0.4 s. The performance of this base structure will be
compared against that of the proposed structure.

In the proposed trapping scheme, the DEP force-field is
turned on at t = 0. It is turned off at t = 0.15 s and the optical
force-field is turned on. Like the base case, the final time of
the simulation is set to t = 0.4 s and NT = 35 000 independent
simulations are performed. The particle position distribution
near the nanopillar at t = 0.15 s is shown in Fig. 10. Particle
positions far away from the structure (z > 370 nm) are
not shown in the plot avoid the addition of unnecessary
information. For ease of visualization, the position distribution
is divided into two parts: below the nanopillar top surface
(z � 270 nm), and above the nanopillar top surface (270 nm
� z � 370 nm). It can be easily seen from the figures that
the nanoparticle positions are clustered around the top and
side surfaces of the nanopillar. The probability of the particle
being trapped near the nanopillar is 21.56% at t = 0.15 s. The
higher probability is due to the longer range of the DEP force.
It is to be noted that unlike the plasmonic trap, the particle
position distribution of the DEP trap is spread over a wider
region. However, as the primary objective of the nanopillar is
to draw the particles near the CSE, the lack in resolution is not
of concern.
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(a) (b)

FIG. 10. Nanoparticle position distribution at t = 0.15 s in the xy plane when it is near the nanopillar (z � 270 nm and 270 nm � z �
370 nm) under the influence of the DEP force-field. (a) Low positions: z � hnp + ro (b) High positions: hnp + ro � z � hnp + ro + 100 nm

The DEP trap is turned off and the plasmonic trap is turned
on at t = 0.15 s. The particle position distribution near the
CSE (z � 250 nm) at t = 0.4 s is shown in Fig. 11. It can be
seen that the position density is very high near the CSE. The
second high-density region represents the nanoparticle being
trapped near the nanopillar. This is due to the optical response
of the nanopillar. The probability of the nanoparticle being
trapped near the CSE is found to be 15.45%. The trapping
probability near the nanopillar is 2.5%. Since the CSE creates
a much stronger optical force-field, the particle is more likely
to be trapped near the CSE than near the nanopillar. The
trapping probabilities of the base scheme (CSE only) and the
proposed scheme (CSE + nanopillar) are listed in Table III.
The probability of a successful trap near the CSE is almost
three times higher for the proposed scheme. Because the DEP
force attracts the nanoparticle near the nanopillar (and thus
near the CSE) during time 0 � t � 0.15 s, the probability of
the particle being in the trapping range of the CSE is high

FIG. 11. Nanoparticle position distribution at t = 0.4 s in the xy

plane when it is near the CSE top surface (z � 250 nm) for the
proposed trapping scheme (with nanopillar).

compared to the base case. As a threefold increase in trapping
probability is achieved, it can be concluded that the proposed
DEP-assisted plasmonic trap performs significantly better than
an isolated plasmonic trap. It should be mentioned that the
data of Table III suggests that the nanopillar alone may be
good enough as it has the highest trapping event probability.
However, the DEP trap from the nanopillar spans a larger
volume resulting in poor resolution as can be seen from Fig. 10.
The proposed CSE + nanopillar composite scheme has the high
resolution of the plasmonic trap which is evident from Fig. 11,
and at the same maintains a high trapping event probability.

VII. CONCLUSIONS

A DEP-assisted plasmonic trapping scheme is proposed
to address the short-trapping-range problem of a conven-
tional plasmonic trap. Numerical simulations show that the
long-range DEP force successfully draws particles near the
plasmonic trap. As a result, the probability of a successful
trapping event is increased by approximately three times. The
proposed scheme can be used for single particle (or low particle
density) trapping experiments. The scheme can also be used
to support large scale parallelization of plasmonic traps for
laboratory-on-a-chip applications.

TABLE III. Comparison of trapping performance (t1 = 0.15 s,
t2 = 0.4 s).

Trapping event probability (%)

Structure Near nanopillar Near CSE

CSE only (at t = t1) — 5.11
CSE only (at t = t2) — 5.43
CSE + nanopillar (at t = t1) 21.56 0.51
CSE + nanopillar (at t = t2) 2.50 15.45
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