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Abstract

To achieve high-throughput and high-efficiency separation based on optically induced dielectrophoresis (ODEP), an ODEP-
based transient numerical model containing microparticles is developed under alternating current (AC) electric field coupling
with an open flow field. In this model, the MST method is employed to calculate the time-averaged AC DEP force and the
fluid viscous resistance acting on the particle, the Arbitrary Lagrangian—Eulerian (ALE) method is used to numerically solve
the strong coupling electric-fluid—solid mechanics, and the efficient and continuous separation of microparticles is achieved.
The results show that the trajectories of particles with different conductivity are clearly differentiated due to two different
DEP actions, which enables separation of particles, and its separation performance can be optimized by adjusting the key
parameters, including bright area width, applied alternating current (AC) electric voltage and inlet flow velocity. This study
explains the continuous separation mechanism of particles under the combined action of AC electric field and flow field, and
provides theoretical support for the design of high-efficiency ODEP microparticles separation device.

Keywords Optically induced dielectrophoresis (ODEP) - Arbitrary Lagrangian—Eulerian (ALE) - Microfluidics - Numerical

simulation - Continuous separation

1 Introduction

The rapid separation and purification of biological parti-
cles is usually a prerequisite step in biochemical analysis
and clinical medicine application, and it has attracted wide
attention of researchers (Al-Fagheri et al. 2017; Antfolk and
Laurell 2017; Shields et al. 2015; Tsou et al. 2020). For
example, it is necessary to separate bacteria and parasitics
in water quality monitoring (Porter et al. 1993). In clinical
medical diagnosis, the primary problem is how to quickly
and accurately separate target cells from samples (Lin et al.
2020). When analyzing and detecting biological bacteria,
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it is necessary to purify the bacteria to reach a certain con-
centration (Heinlaan et al. 2017). All of these rely on the
separation technology of biological particles.

Traditional microparticles separation techniques includ-
ing differential centrifugation, density gradient centrifuga-
tion, filtration, etc., are only suitable for large sample sizes
(Shields et al. 2015). Flow cytometry can achieve high-pre-
cision cell separation, whereas it usually requires expensive
and complex instruments operated by professional staff, as
well as special reagents for cell marking (Galbraith 2012).
Microfluidic chip, also known as Micro Total Analysis Sys-
tem (p-TAS) or lab-on-a-chip, is suitable for the manipu-
lation of biological microparticles due to its miniaturized
size and good biocompatibility. Especially, dielectrophoresis
(DEP) is a micro—nano-manipulation technology which is
easy to be integrated into microfluidic chip (Butt and Wake-
man 1997; Pethig and Markx 1997). Moreover, it has the
merits of non-contact, non-damage and high throughput,
and can be used to handle single or large numbers of parti-
cles (Yan et al. 2021; Zhao et al. 2014b). However, complex
physical electrodes need to be designed and processed in
traditional dielectrophoresis technology, which results in a
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few drawbacks including long design cycle and high cost,
and also limits its flexibility in practical application.

Optically induced dielectrophoresis (ODEP) combines
virtual electrodes formed by illuminating optical patterns
onto photoconductive layers with DEP, and can carry out
the manipulation of micro—nano objects (Chiou et al. 2005;
Qu et al. 2012). By replacing physical electrodes with opti-
cal virtual electrodes, the complex electrode manufacturing
process is simplified, the design cycle of a microfluidic chip
is shortened and the processing cost is saved. In recent years,
the ODEP has been widely applied in the capture, separa-
tion and assembly of polystyrene beads (Liang et al. 2013;
Zhao et al. 2014a), cancer cells (Chiu et al. 2018; Chu et al.
2020), bacteria (Wang et al. 2020; Xie et al. 2017) and even
drug-containing particles (Chen et al. 2019; Chu et al. 2019).
Nevertheless, previous studies on ODEP technology gener-
ally manipulate a single or small batches of microparticles
based on optical-induced dielectrophoresis force, and the
flow field action is discarded, thus resulting in low separa-
tion efficiency.

In this study, to achieve efficient and continuous separa-
tion of microparticles, an ODEP-based transient numerical
model including microparticles is constructed under alter-
nating current (AC) electric field coupling with an open flow
field. Maxwell stress tensor (MST) method is adopted to
calculate the time-averaged AC DEP force and the fluid vis-
cous resistance acting on the particle, which has been proved
to be the most rigorous method for calculating DEP force,
and can be used to explain the electric field distortion due
to the presence of particles (Ai and Qian 2010; Wang et al.
1997). Arbitrary Lagrange—Euler (ALE) method combines
Lagrange method to trace particles with Euler method to
describe flow field, and it is especially suitable for dealing

Fig.1 A two-dimensional
structural schematic diagram of

with mesh distortion (Al Quddus et al. 2008; Hu et al. 2001),
so it is employed to numerically solve the strong coupling
electric-fluid—solid mechanics issue. The continuous separa-
tion of microparticles is achieved by introducing the open
flow field, which dramatically reduces the dwelling time of
particles in the microchannel and has a significant effect on
improving the particle separation efficiency. To optimize the
continuous separation performance of microparticles, sev-
eral critical parameters including the width of bright area,
applied electric voltage and inlet flow rate on particles move-
ment and separation effect are discussed in positive DEP and
negative DEP cases, respectively.

2 Theory
2.1 Mathematical model and parameters

ODEP chips are generally sandwich structures: the middle
microchannel layer is sandwiched by the upper and lower
indium tin oxide (ITO) conductive glass wall. The photocon-
ductive layer with multilayer structure is deposited on the
lower ITO glass by plasma enhanced chemical vapor depo-
sition (PECVD), which is from bottom to top as follows:
heavy-doped hydrogenated amorphous silicon (n*a-Si:H)
layer for reducing contact resistance between substrate and
intrinsic hydrogenated amorphous silicon (a-Si:H), a-Si:H
layer (forming photoconductive reaction area) and nitride
insulator (preventing hydrolysis at low frequency and high-
voltage condition) (Chiou et al. 2005). The two-dimensional
structure of the physical model based on the above ODEP
chip structure is shown in Fig. 1. A circular particle with a
diameter of dp moves in a rectangular microchannel CDEF

ODEP chip containing single
circular particle moving in a
rectangular microchannel. The
xoy coordinate system is estab-
lished in the center of the whole
microchannel. The left and

respectively. The green circle
represents the microparticle.
The brown and orange areas at
the bottom of the microchannel
represent the photoconductive
layer, in which the orange area E
represents the area under light
(bright area), and the rest of A
area represents the area without

light (dark area)

B4
the right arrows represent the o=
fluid inlet and the fluid outlet, <¢ " — — g: —————————————— H
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with the length of L and the height of H, which is filled
with a fluid medium. The region ABFE is a photoconduc-
tive layer with the length of L and the height of 4. It is worth
noting only the @-Si:H layer related to the formation of the
photoconductive reaction area is included in this model, and
the other two layers are ignored. The center point O of the
region CDEF is selected as the origin of the two-dimensional
Cartesian coordinate system xoy. AC potential is applied to
the bottom boundary AB and the top boundary CD, which
represents the ITO thin-film electrodes. The boundary DE
is set as the inlet of the fluid, and the corresponding outlet
is the boundary CF. Due to the illumination of the bottom
light source, a bright area with a diameter of d;_is generated
in the photoconductive layer.

When the particle is placed in the microchannel, it will be
subjected to DEP force due to the non-uniform electric field,
which is generated by the vastly varying conductivity of the
bright and dark regions. Considering that the DEP force is
related to the real part of the Clausius—Mossotti (CM) fac-
tor, which depends on the complex permittivity of particles
and fluid media:

~

€p — Ef

Kw) = ———,
(@) €p + 26y

ey
where K(w) represents the real part of the CM factor, o is
the angular frequency of the applied AC electric field, the
superscript “~” represents a complex variable, £, and €5
represents the complex permittivity of particles and fluid
media, respectively:

e=¢e—ic/w,

@

where € represents permittivity, ¢ represents conductivity,
—1 is an imaginary unit.

In Eq. (1), positive DEP action is denoted when the real

part of CM factor is a positive value, and negative DEP

=

Fig.2 The relationship ]

action is implied when it is a negative value. As shown
in Fig. 2, on the premise that all other parameters except
the particle conductivity are consistent, the different DEP
actions may be generated at the same frequency due to the
varying particle conductivity. Based on this, particles sepa-
ration can be achieved.

The employed parameters are set as follows: The length of
the microchannel and photoconductive layer is L=200 pm,
the height of microchannel is H=100 pm, the thickness
of photoconductive layer made of @-Si:H is =2 pm, the
diameter of the particle is dp=10 pm, and the width of the
bright area is d; =30 pm. Rectangular microchannels are
filled with deionized aqueous solutions as fluid media. Den-
sity, dynamic viscosity, conductivity and relative dielectric
constants of fluid are pp=1x 10 kg/m3,,u=1 x 103 Pa-s
,05=1x 1073 S/m and =80, respectively. Fluid flows
from boundary DE at a velocity of V, .. = 1 mm/s and the
initial velocity of the particle is u*= 0. Density and shear
modulus of polystyrene particles are pp = 1.05 x 10° S/m
and Gp = 10° Pa, respectively. The relative dielectric con-
stant of the particle is ep=2.6, the particle conductivity
op;=4x 1072 S/m and 6p,=4 X 10~ S/m are selected to
generating positive and negative DEP action, respectively.
Relative permittivity of photoconductive layer, conductiv-
ity in bright area and conductivity in dark area are eg=11.7,
01.=2 % 107! S/m and o= 6.7 x 10~ S/m, respectively. The
frequency and voltage peak values of the applied AC electric
field are f=1 MHz and ¢,=30V, respectively.

2.2 Governing equations and boundary conditions

To simplify the calculation, the dimensionless method
commonly used in hydrodynamics calculation is adopted in
this study. The selected characteristic length, characteristic
potential and characteristic velocity are a=dp/2=5 pm,
¢ =R, T/Fand U, = (£F¢§o)/(11a), respectively, where

between the real part of CM
factor and the electric field
frequency under three kinds
conductivity of particles
(op=4x 1072 S/m, 4 x 1073 S/m,
4 % 10~* S/m) and the

fluid medium conductivity
(op=1X% 1073 S/m), the rela-
tive dielectric constant of the
fluid medium (e;=80) and the
relative dielectric constant of
particles (ep= 2.6)

The real part of the CM factor

-0.5
10

— o, =4x 102 S/m

—-= G, = 4x 10 S/m

g =4X 10 S/m

10° 10
Frequency(Hz)
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R, is the universal gas constant, 7=300 K is the absolute
temperature of the fluid medium, and F is the Faraday
constant. Then the following basic physical quantities can
be obtained:

S=aS*, u=U_u*, p=uU_p*/a,

b= bt t=ar* /U, Re = ppal, [,

where, S is the displacement of the particle, u is the velocity
vector of fluid, p is the pressure, u is the dynamic viscosity,
d3 is electric potential, ¢ is time, Re is the Reynolds number,
pr is the density of fluid, respectively. The superscript “*”
denotes a dimensionless variable.

Considering that the characteristic length of the model
is much larger than the thickness of the electric double
layer (EDL), the thin EDL assumption is tenable, the net
charge density in the whole computational domain is zero.
Moreover, the characteristic size of the model is much
smaller than the electromagnetic wavelength; thus, the
AC electric field can be regarded as a quasi-static electric
field. Therefore, the distribution of the quasi-static electric
field is governed by Gauss law, as follows:

V* - (e2VH) =0 in Qp, 3)
VE - (e5VE) =0 in Qp, @
V(L ViE) =0 inQp, )
VE (e V) =0 inQy, 6)

where, the complex permittivity of fluid medium, par-
tNicle, bright and dark areas are e~; =1 —iop/(wep),
ey =1 —iop/(wep) , g =1—ioy [(wer) and
e, = 1 —iop /(wep), respectively. The complex electric
potentials of fluid media, particle, bright and dark areas are
&;1;:’ $§, af and E’; respectively. The angular frequency of
the applied AC electric field is w = 2zf. Q, Qp, Q and
€ represents the fluid medium domain (corresponds to the
region CDEF), the particle domain (the green circular area),
the bright and dark domains (the region ABFE), respectively.

The dimensionless boundary conditions corresponding
to electric field are as follows:

¢% = ¢o/¢s on ABand ¢, = 0 on CD, 7
n-€:V*¢i =0 onAD and BC, ®)

where n denotes the unit normal vector on the correspond-
ing boundary.

@ Springer

To ensure that electric potential and the normal com-
ponent of electric displacement is continuous at the inter-
face between fluid media and particle, the equations are
as follows:

¢r = ¢, onA, 9)
s
n-V*d)f}::*n-V*gb; on A, (10)
€
F

where, A denotes the surface of the particle.

The continuity and Stokes equations are used to
describe the fluid medium. Considering that the Reynolds
number is minimal, the inertia term in the equation can be
neglected. In the whole calculation process, the boundary
DE is set as the inlet of the fluid medium, the boundary CF
is set as the outlet of the fluid medium with zero pressure,
and the boundary CD and EF are set as the wall boundary
without sliding, expressed as:

Vi-u*=0 inQp, an

OU* _ _V*p* + V*Zu*

Re =
or*

in Q. (12)

In this study, the particle is defined as a circular rigid
body. Since the particle density is close to that of deion-
ized water solution, it can be considered that the gravity
and buoyancy of particles offset each other. In addition,
considering that the particle size used here is at a micron
scale, the effect of Brownian motion on the particle can
also be neglected. Therefore, only the time-averaged DEP
force and the fluid viscosity resistance act on the particle.
These two forces can be obtained by integrating the Max-
well stress tensor Ty, and the hydrodynamic stress tensor
Ty over the surface of the particle. So the time-averaged
DEP force Fpgp on the particle surface and the hydrody-
namic force Fy; can be expressed as:

EEP=/TM.ndA* =/i[(ﬁﬁ+§:‘§)—|ﬁ|2l]~nd/\*,
(13)

Fi= / Ty - ndA* = / [—p* T+ (V*u* + (VFu*)!)] - ndA*,
(14)
where, F=yU__F*, T*:ﬂwl* /a, E* denotes electric field
intensity, and E*= — V¢*, E'* is the complex conjugate of
E*, I denotes the unit tensor.
Considering that the particle used here is a rigid cir-
cular particle, so its rotational motion can be neglected.
Therefore, the velocity of a particle can be described as:
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&
w=—"(I—nn) V*¢* +
M*

oS*
ot*

on A, (15)

where, the first part on the right side of the equation is the
slip velocity of electroosmotic flow, here the value of this
item is set to zero since the electroosmotic flow is offset
under the action of high frequency alternating current elec-
tric field, £ denotes the zeta potential. In the latter part,
S* represents the displacement of the particle and can be
derived from the following equation:

2Q*
Rea S
02r*

—V*.06(§S*)=0 onA, (16)

where, 6(S*) denotes the Cauchy stress of the solid parti-
cle, and it is a function of the displacement of the particle.
Consider the hyperelastic particle as an incompressible neo-
Hookean material that could be mathematically described
using the strain energy density function:

W = Gp(I.-3)/2, 17)

here, Gy is the particle’s shear modulus, I = #(C) is the
first invariant of the right Cauchy—Green tensor, given by
C =FTF*, F* = V;S* + Lis the deformation gradient ten-
sor with X denoting the reference position, 6(S*) = P*F*7,
P*=0W [0V} S* is the first Piola-Kirchhoff stress.

2.3 Implementation of the model

In this study, the ALE method was used to solve the strong
coupling electric field-fluid field-solid mechanics numeri-
cally. The commercial finite element software package
COMSOL Multiphysics (Version5.5, COMSOL Group,
Stockholm, Sweden) was used to carry out the two-dimen-
sional numerical simulation of the designed model. The
model adopts four typical built-in physical modules in
COMSOL software: laminar flow, electric currents, solid
mechanics and moving mesh. The accuracy and reliability of

A

Fig.3 The electric field distribution when the particle is located near
the inlet, (A) electric potential, (B) electric field intensity. Here, the
circle represents the particle, the color legend in (A) represents the

this method have been demonstrated in our previous studies,
such as DEP interaction in a AC electric field (Ai et al. 2014,
Zhou et al. 2020), and the electrodynamics of rigid particle
in ODEP chips (Shi et al. 2020).

3 Results and discussion

3.1 The continuous separation mechanism
of particles

Figure 3 shows the distribution of electric potential and elec-
tric field intensity at the initial time of particles motion. It
can be seen from the figure that when the light spot irradiates
the photoconductive material layer, a strong non-uniform
electric field is formed near the illumination area, and the
electric field intensity at the junction of the bright area and
the dark area is evidently greater than that in other areas
including the center area of the light spot and the area away
from the light spot.

In the case that all other parameters except for particles
conductivity are set uniformly, the particle motion trajec-
tories with conductivity op=4 X 1072 S/m and 4 x 10~* S/m
are given in Fig. 4A. It can be seen that when two par-
ticles are driven toward the outlet by the fluid, there is
a significant y*-component deviation when they move to
the range x*=(—7,7) (Movie 1 and 2 in the Supplemen-
tary material). This is because the bright area d; produced
by illumination from the bottom light source is set in the
range x*= ( — 3, 3), which results in a strong non-uniform
electric field. When the particle approaches this area, it
will be subjected to different DEP actions. As shown in
Fig. 4C, the particle with conductivity op=4 X 1072 S/m
is subjected to negative y*-component of DEP force(It
simply depends on the predefined axis orientation) in this
area and attracted toward the area with a higher electric
field intensity. Here the applied AC electric field fre-
quency is 1 MHz, the real part of its CM factor is 0.8663

electric potential, and the arrows represent the electric field direction.
The color legend in (B) represents the electric field intensity
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Fig.4 The trajectories and DEP force of particles. A The motion
trajectories of particles with conductivity (cp=4x 1072 S/m and
4% 10~* S/m) under the conditions of ¢$p=30V, ox=1x 1073 S/m,
er=80 and £p=2.6, B The x*-component F_, of the DEP force

derived from Eqgs. (1) and (2), so it can be called positive
DEP action (it depends on the CM factor according to the
definition of DEP action). In addition, the particle with
conductivity op=4 X 10™* S/m is subjected to positive y*-
component of DEP force in this area and repelled toward
the area with a lower electric field intensity. The real part
of the CM factor is —0.4612 at the same frequency of
1 MHz, so-called negative DEP action. Therefore, due to
two different DEP actions, the trajectories of particles with
different conductivity are clearly differentiated, which ena-
bles the separation of particles.

Since the Reynolds number of this model is far less than
1, the fluid can be regarded as Stokes flow, and the inertial
term is ignored, so the effect of inertial flow lift is not con-
sidered. It can also be seen in the supplementary material
that particles at different initial positions do not exhibit y*
direction migration without applying an external electric
field (Movie 3 and 4 in the supplementary material). As
shown in Fig. 4B, the DEP force fluctuation in the x*-com-
ponent can only affect the velocity of particles through the
microchannel, and it cannot compel particles to shift in the
y* direction. Therefore, it can be concluded that the sepa-
ration of particles with these two conductivities is mainly
related to the positive and negative DEP action induced
by light illumination, especially the y*-component of DEP
force. It is also worth noting that before passing through
x*= — 7 and after x*=7, the particle always presents a small
y*-component deviation opposite to the direction of motion
in the bright area, which could be caused by the non-uniform
electric field continuously distributed in the microchannel,
the DEP force of microparticle fluctuates when the particle
continuously moves across the weak—strong—weak varying
electric field in the microchannel. The separation effect of
particles could be weakened at a certain extent, but the dif-
ferent trajectories of the particle can be obtained by adjust-
ing the parameters of electric field and illumination area
reasonably, thus ensuring its separation performance.

@ Springer

depending on the particle center position x*, C The y*-component

Figp. , of the DEP force depending on the particle center position x*.

The initial position of the particle center located on (x*= — 16, y*=0)
and the dimensionless particle radius a*= 1

3.2 Theinfluence of key parameters on continuous
separation of particles

In addition to the conductivity of particles, other parameters,
such as flow field, electric field and optical conductivity
layer, can also influence the particle motion and its separa-
tion effect. The following three parameters, including the
width of the bright area, the applied AC electric voltage and
the flow velocity of inlet, are studied, respectively.

Figure 5 shows the dynamics of particles with three bright
area widths d; under positive and negative DEP actions
according to different CM factors. As shown in Fig. SA and
D, the trajectory of particles with different widths of bright
areas are compared. It can be seen that bright area width
mainly affects the deflection in y*-component of the trajec-
tory. Due to different DEP actions, the particle moves close
toward or far from the bright area. The larger the bright area
width is, the larger the y* direction displacement of the par-
ticle near or far from the bright area. The appropriate width
of the bright area is indispensable for particles separation.
If the width of the bright area is relatively small, the particle
separation could not happen. Conversely, if it is excessively
large, the particle would collide with one side wall, reducing
the activity of the particle and resulting in poor separation
performance likewise.

As shown in Fig. 5B and C, the velocity profiles of par-
ticles with different bright area widths under positive DEP
action are presented. It can be seen from the velocity varia-
tion in x*-component and y*-component that the longer the
width of the bright area is, the wider the action range of the
DEP force. In addition, when the particle passes through the
bright area, the wider bright area decelerates the movement
in the x* direction and accelerates the movement in the y*
direction for the positive DEP. On the contrary, as shown
in Fig. 5E and F, for negative DEP, the wider bright area
accelerates the movement of particles in the x* direction,
which could influence the time for particles to pass through
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Fig.5 The dynamics of particles at the width of bright area
dy = 20pm, 30 pm, 40 pm, ¢=30V and V=1 mm/s. The positive
DEP action (with conductivity op=4 X 1072 S/m), A the motion tra-
jectories of particles, B the x*-component of the particle velocity, C

the bright area. On the other hand, the wider bright area
pushes particles to accelerate away from the bright area in
the y* direction. It also means that not only the movement
of the particle near or far away from the bright area can be
controlled by adjusting the width of the bright area, but also
the dwelling time of the particle across the whole micro-
channel can be optimized, thereby improving the particle
separation efficiency.

Figure 6 shows the dynamics of particles with three
applied AC electric voltages under positive and nega-
tive DEP actions according to the CM factor. As shown in
Fig. 6A and D, no matter the positive DEP or the negative
DEP, the particle motion trajectory can hardly be deflected
in the y* direction, that is, the particle with different con-
ductivity cannot be separated at ¢=10 V. When the voltage
rises to =20 V, the particle presents relatively different tra-
jectories, but the separation effect is still not evident. When
the voltage climbs to ¢=30V, the particle with different
conductivity have evidently different trajectories, so a better
separation performance can be achieved.

From the velocity profile of positive DEP in Fig. 6B and
C, negative DEP in Fig. 6E and F, the larger the applied AC
electric voltage is, the greater the fluctuation of the veloc-
ity in x* direction and y* direction. Moreover, the higher
voltage results in a greater DEP force both for positive and
negative DEP, which in turn generates a greater y* direction

x*

the y*-component of the particle velocity. The negative DEP action
(with conductivity op=4 x 10™* S/m), D the motion trajectories of
particles, E the x*-component of the particle velocity, F the y*-com-
ponent of the particle velocity

velocity and offset displacement; thus, a better separation
effect is achieved. However, an exaggerated voltage could
cause the particle to collide with the wall and change their
trajectory disorderly in the microchannel, thus weakening
the overall separation effect.

Figure 7 shows the dynamics of particles with three flow
velocities of inlet under positive and negative DEP actions
according to the CM factor. As shown in Fig. 7A and D, with
the increase of the flow velocity, the trajectory of particles is
closer to the center of the microchannel both for positive or
negative DEP, and the separation effect of particles is better
at a low flow velocity of inlet such as V=1 mm/s.

This phenomenon can be explained by the x*-component
and y*-component velocities of particles with different con-
ductivity in Fig. 7B, C, E and F. From Fig. 7B and E, it can
be seen that the flow velocity of the inlet dominates the x*-
component velocity of particles except for a slight change
when passing through the bright area. As the flow velocity
of the inlet increases, the x*-component velocity of particles
increases and the particle dwelling time through the entire
microchannel decreases. It can be seen from Fig. 7C and F
that the flow velocity of the inlet has little influence on the
y*-component velocity of particles. According to Egs. (13)
and (14), the DEP force acting on the particle is independent
of the inlet flow velocity, and the liquid viscous resistance
acting on the particle is tightly related to the flow velocity.

@ Springer
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When a particle passes through the bright area, the positive
or negative DEP force remains unchanged with the vary-
ing inlet flow velocity, but if the particle passes through the
bright area quickly, the effective time of DEP force acting
on the particle will be shortened, resulting in a smaller y*
direction offset displacement. From this point of view, the
inlet flow velocity should be increased as much as possible
while ensuring separation performance.

4 Conclusion

In this study, the ODEP-based transient numerical separation
model containing microparticles is constructed and solved
under the alternating current (AC) electric field coupling
with an open flow field. The numerical results show that the
separation of particles with different conductivity is domi-
nated by the positive and negative DEP action caused by
light illumination, especially the DEP force in the y-com-
ponent. The continuous separation effect of particles under
the combined action of AC electric field and flow field can
be optimized by adjusting several key parameters. The width
of the bright area affects the action range of DEP force, the
applied AC electric voltage influences the magnitude of DEP
force acting on particles, and the flow velocity of the inlet
dominates the traveling time of particles passing through the
whole microchannel, while contributing a little for particles
separation. The research results clearly illuminate the basic
principle of particles continuous separation and provide the-
oretical support for further design of particles continuous
separation chip based on AC-ODEP technology in future.
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