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The key problem to be solved for the dielectrophoresis (DEP) application is to provide dynamically reconfigurable microelec-
trodes and low-cost methodology for bioparticle manipulation. The emergence of optically induced DEP (ODEP) based on 
photoconductive effect provides a potential solution for the above problem. In this paper, an ODEP chip is designed and fabri-
cated, and the corresponding experimental platform was established, whereupon four types of particle manipulation re-
gimes–filtering, transporting, concentrating and focusing based on ODEP are experimentally demonstrated and the operating 
performances are quantitatively analyzed. The experiment results show that the functions and performances of ODEP manipu-
lation are heavily dependent on the geometrical shape, scales and speed of optical patterns, actuating signal frequency and the 
electric conductivity of the solution. The manipulation efficiency can increase by more than 50% via increasing the optical line 
width. Moreover, the efficiency is obviously affected by the inclination angle of the optical oblique lines in the manipulation of 
particle focusing. Additionally, the maximum velocity of particles increases with the increment of the inside radius and the 
thickness of the optical trapping ring. Particle manipulation efficiency is always related to signal frequency and solution con-
ductivity, and empirically, satisfactory performance and high efficiency are obtained when the solution electric conductivity 
ranges from 5×10−4 S/m to 5×10−3 S/m.  
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1  Introduction 

Most of materials can be polarized to various degrees in an 
applied electric field. If a nonuniform electric field is im-
posed on a micro/nano particle, the two poles of the polar-
ized particle will experience unequal and opposite electric 
forces during its interaction with the nonuniform electric 
field. Thus, the particle will be subject to a net electric force, 
which is called dielectrophoresis (DEP) [1]. The manipula-
tion technique based on DEP [2–4] is easy-to-use and  

requires no moving parts thus can realize massively paral-
leled active non-contact manipulation for particles [5, 6]. 
Therefore, the manipulation of micro/nano bio-particles 
based on DEP is becoming a major enabling technology in 
filtering [7–9], concentrating [10–12], transporting [13, 14] 
and flow focusing [6, 15, 16] for microparticles.  

However, the above handling approaches based on DEP 
technology require to design and fabricate complex elec-
trode structures to achieve complex and versatile manipula-
tions of the micro/nano bio-particles. Moreover, the micro-
electrodes in the previous work lack flexibility and cannot 
provide real-time alterable electrode-patterns for diverse 
manipulation requirements. Further, the microelectrodes 
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involve complicated manufacturing process and high cost 
[2–8, 17–19] . Therefore, on the basis of retaining the ad-
vantages of traditional DEP, how to improve the electrodes’ 
flexibility and reconfigurability, and how to cut the manu-
facturing cost of electrodes have become the key concern in 
the application of DEP. The proposal of optically induced 
DEP (ODEP) [20] based on photoconductive effect offered 
a potential option for the design of highly flexible and 
real-time reconfigurable optical micro-electrodes [21, 22].  

As this research is just emerging in the international 
arena [21–23], manipulation regimes such as filtering, 
transporting, parallel concentrating, fluidic focusing, etc. 
involved in the biomedical testing chip system have not 
been systematically studied. Meanwhile, there are no rele-
vant reports for systematically analyzing the key factors 
affecting the ODEP manipulation performance based on 
experimental results.  

The design and manufacturing of an ODEP chip, ma-
nipulation patterns and controlling regimes are presented in 
this paper. Moreover, a detailed study is conducted to the 
manipulation regimes including filtering, transporting, con-
centrating and focusing based on ODEP. Furthermore, the 
relations among the ODEP manipulating performances, 
optical pattern parameters, signal frequency and liquid 
conductivities are also experimentally investigated. 

2  Experiment setup and method 

2.1  ODEP micro device 

To fabricate photoconductive layer of ODEP chip (as shown 
in Figure 1(a)), 50-nm doped hydrogenated amorphous sili-
con (n+a-Si:H), 1.5-μm intrinsic a-Si:H and 25-nm silicon 
carbide (SiCx) passivation layer were consecutively depos-
ited by plasma enhanced chemical vapor deposition 
(PECVD) method on the bottom ITO- (indium tin oxide) 
coated glass at 200°C. The n+ a-Si:H was deposited from a 
gas ratio of 1% PH3 in SiH4, then the intrinsic a-Si:H was 
deposited from a gas mixture containing SiH4 and H2. After-
wards, the SiCx layer was deposited by a SiH4, CH3, and N2 
mixture. After that, the ITO layer for bias connections was 
exposed via reactive ion etch (RIE), as shown in Figure 1(a). 
The photoconductive layer of the chip consisted of n+ a-Si:H 
layer, intrinsic a-Si:H layer and SiCx layer (as shown in 
Figure 1(b)). The n+ a-Si:H layer was used as both a transi-
tionary and adhesive layer from the intrinsic a-Si:H layer 
to the bottom ITO-coated glass. During chip packaging, 
firstly, a double-faced adhesive tape with a thickness of 
about 100 μm was pasted on the four edges of the photo-
conductive surface to form a microchamber with a scale of 
about 15 mm×8 mm. Then a droplet of about 8–10 μL con-
taining microsphere particles was dripped into the micro-
chamber using a pipettor. Lastly, the top ITO-glass slide 
was placed onto the roof of the microchamber to make the 
microchamber sealed as shown in Figure 1(b). In the whole  

 

Figure 1  Schematic diagram of the ODEP chip. (a) Photograph of the 
photoconductive substrate; (b) structure diagram of the ODEP chip. 

DEP chip, a 100-μm insulating spacer was used to maintain 
the gap between the upper ITO film and lower photocon-
ductive layer (see Figure 1(b)). Microparticles were sus-
pended in the solution in the microchamber. The alternating 
current (AC) voltage (provided by the signal generator) 
supplied between the top and bottom ITO layers served as 
the energy source for manipulating particles. 

2.2  Principle of the ODEP micro device 

For the fabricated ODEP chip as shown in Figure 1(b), the 
photoconductor has a high electric impedance(about 10−6 S/m) 
prior to illumination, so at this time the most of the applied 
voltage drops across the photoconductive layer, which 
causes a weak, uniform electric field inside the liquid layer. 
At this state, no ODEP force generates. When a projected 
light source hits the amorphous silicon layer, electron-hole 
pairs are excited, thus decreasing the impedance of the 
photoconductive layer by about 5000 times, and the electri-
cal conductivity of the photoconductor is about 5×10−3 S/m. 
At this state, the virtual electrodes are formed in the photo-
conductor and the voltage drop across the liquid layer in the 
illuminated area is much higher than that in the dark area. 
Consequently, the bright-dark pattern induces a nonuniform 
electric field in this device. The dense electric filed lines 
appear at the illuminated areas and the sparse field lines 
appear at the dark areas as shown in Figure 1(b). Then a 
DEP force exerting on microparticles will be induced in the 
liquid chamber and the time-averaged DEP force acting on 
the spherical particle suspended in liquid chamber can be 
described as follows [1], 
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field, pε  and mε  are the complex permittivities of the par- 

ticle and suspending medium, respectively, p p pj / ,ε ε σ ω= −  

and m m mj / .ε ε σ ω= −  Here σp and σm are ohmic electrical 

conductivities of the particle and liquid medium, respectively; 
εp and εm are the permittivities of the particle and liquid me- 
dium; ω is angular frequency of the electric field. In eq. (1), 
the expression in brackets p m p m2/( )ε ε ε ε− +( )  is referred 

to as the Clausius-Mossotti (CM) factor. When Re[fCM]>0, 
positive DEP occurs and particles move toward high field 
regions; when Re[fCM]<0, negative DEP occurs and parti- cles 
move toward weak field regions. The particles in the liquid 
layer also undergo the opposing Stokes’ drag [1], as  

 drag 6π ,= − ηRVF   (2) 

where V is the particle velocity, and η is the dynamic vis-
cosity of the liquid.  

2.3  Experimental platform and operation 

For our experimental setup as shown in Figures 2(a) and (b), 
a charge-coupled device camera (the Imaging Source 
Europe GmbH, Germany) attached to the upright micro-
scope (Nikon ECLIPSE 50i) observation port acquired the 
particle image through an objective lens from the top of the 
optoelectronic micro device. The DMD projecting system 
contained digital micro mirrors with a scale of 10.8 μm 
×10.8 μm and corresponding electrical driver board, which 
was modified from a commercial projector with a resolution 
of 1024×768 pixels. This DMD-based projector was con-
trolled by computer. The dynamic optical patterns generated 
by the projector was collimated, collected by a set of lens 
and reflected through the reflector at 45° to the horizontal 
and then directed into a 10× optical pattern condenser. Fi-
nally, the optical micro patterns were projected onto the 
photoconductor. By using the optical micropattern control 
and monitoring software developed by our group (software 
copyright registration No. 2009SR02775), the real-time 
reconfiguration and dynamic control of the optical patterns 
were available for the application of filtering, transporting, 
concentrating, and focusing of microparticles. The optical 
micro patterns can be arbitrarily varied in real time, which 
exactly embodies the flexibility of the optical virtual elec-
trodes. 

Additionally, these four types of manipulations in the 
ODEP microfluidic chip were all accompanied by a phe-
nomenon which resulted in the manipulation failure. We 
call this phenomenon desynchronization (DS). When the 
velocity of the optical pattern gradually increases, the ve-
locity of the particle undergoing ODEP force and Stokes’ 
drag force increases correspondingly until the ODEP force 
is no longer large enough to maintain the synchronization 
between the particle and the optical pattern, and the particle 
will lag behind the optical pattern. Before the particle de-

synchronizes, there is a maximum synchronous velocity 
(MS-velocity) [24]. The DS process is presented, as shown 
in Figure 3. As shown in Figure 3(a), ring center was the 
initial position of the particle and then the particle was 
lagged to the inward flange of the ring (see Figure 3(b)) 
when the ring’s velocity increased to the threshold value 
(MS-velocity). Lastly, while the ring moved faster and 
faster, the particle was not able to follow the ring’s move-
ment and was left behind the ring (Figures 3(c) and (d)). A 
particle reaches its MS-velocity when the maximum value 
of the horizontal driving DEP force is available in the opti-
cal trap pattern, and at this state, the relative position be-
tween the moving particle and moving light pattern is close  
 

 

Figure 2  Experiment setup for the real-time controllable ODEP platform. 
(a) Schematic diagram of the ODEP platform; (b) photograph of the virtual 
electrode control platform for ODEP experiment. 

 

Figure 3  The desynchronization process of ODEP. 
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enough (as shown in Figure 3(b)). 
Because of the characteristics of electrical neutrality of 

the microscale bioparticles, the test particles used in this 
experiment were the 30-μm-diameter and 50-μm-diameter 
polystyrene microsphere particles (Duke Scientific Corp.) 
and 17–21 μm in diameter pollen grains (Duke Scientific 
Corp). These particles were suspended in deionized water, 
which had an electrical conductivity of about 1.5×10−3 S/m. 

2.4  Electric filed simulation for the ODEP chip 

Based on the above ODEP chip and the experiment setup, 
the electric field distribution in the ODEP chip is strongly 
perturbed after the photoconductor in ODEP chip is selec-
tively illuminated by the optical patterns. Here, the electric 
potential is denoted by symbol φ. The field distribution at 
the bright-dark areas in the microchamber of the ODEP chip 
can be achieved by solving the Laplace equation 2 0=φ∇  

via a finite element program package (Comsol Multiphysics 
3.2a). The simulation results for the squared-field strength 
distribution in the cross section of the chip are shown in 
Figure 4. The illuminated area length along the horizontal 
direction is set as 40 μm in both Figures 4(a) and (b). The 
isolines in Figure 4 indicate the squared field strength (E2). 
The largest E2 exists near the bottom of the microchamber 
while the smallest E2 exists at the area far from the illumi-
nated area. According to eq. (1), when the particle under-
goes negative DEP (Re[fCM]<0), the DEP force is in the  

 

Figure 4  The distribution of the squared electric field in the cross section 
of the microchamber in the ODEP chip. 

opposite direction of the gradient of the E2, i.e., the particle 
will be repelled from the strong field areas. Specifically, the 
particles will be repelled from the junction of the bright and 
dark area with the strongest field near the bottom surface of 
the microchamber. Therefore, when the junction of the 
bright and dark area is moving from the left position (shown 
in Figure 4(a)) to the right position (shown in Figure 4(b)), 
the particle at the right side of the bright area will also be 
repelled towards the right. That is the basic principle of the 
optical pattern driving particles in ODEP chip. 

3  Results and discussion 

3.1  Filtering 

Usually, the non-target stuff or microparticles in the raw 
sample should be filtered firstly in the pretreatment for the 
sample. The filtering experiment was implemented via the 
scanning of an optical line as shown in Figure 5. In the 
filtering experiment, with an applied 20Vpp at 600 kHz, 
the normal pollen grains with diameters of 17–21 μm and 
most of the 30-μm diameter polystyrene particles were 
driven by the optical line with a thickness of about 70 μm 
towards the bottom area of the view as shown in Figure 5. 
In contrast, the degenerative pollen grains and few poly-
styrene particles were left in their original positions (look 
at the range confined by the dotted lines), which could 
realize the filtering function. This separation phenomenon 
in the filtering experiment is probably because the parti-
cles left behind are difficult to be polarized relative to the 
normal ones, which resulting in much smaller DEP force 
for the abnormal. As to the few polystyrene particles left 
behind the optical line, another reasonable explanation 
maybe that these particles were pushed away by the in-
teracting force among the individual particles when the 
scanning optical line drived the particles. The velocity of 
the optical lines in Figure 5 was about 14 μm/s.  

As long as the optical line velocity did not exceed the 
MS-velocity of the normal particles (i.e. maximum filtering 
velocity), the filtering function could be achieved. If the 
optical line velocity exceeded the MS-velocity, all particles 
would be left behind the scanning optical line, which made 
the filtering unavailable. The relations between the optical 
line width and the maximum filtering velocity at different 
AC signals are shown in Figure 6. The filtering efficiency 
increased by 50%–60% when the optical line width grew 
from 30 μm to 90 μm. This filtering experiment demon-
strated the feasibility of the ODEP filtering. Moreover, a 
longer and thicker optical line led to a broader filtering area 
and a higher filtering efficiency. The ODEP filtering can 
meet many specific filtering requirements by just changing 
the shape, scale and velocity of the optical pattern, which is 
much more flexible than the conventional filtering. As pre-
sented in Figure 6, a larger applied voltage leads to a larger 
maximum filtering velocity because DEP force increases  
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Figure 5  Snapshots of the filtering process in the way that a scanning 
light line moved from the top of the viewing field to the bottom of the view 
(Degenerative pollen grains and few polystyrene particles were left behind 
the light line while the normal particles were able to be driven by the scan-
ning light line). 

 

Figure 6  The relation between the optical line width and the maximum 
filtering velocity. 

with the raise of applied voltage. However, the maximum 
filtering velocity decreased when the frequency varied from 
600 kHz to 900 kHz. That is because the impedance of the 
aqueous layer of ODEP chip decreased with the increase of 
frequency due to the electrical capacitive effect implied in 
aqueous layer, and thus the voltage across the aqueous layer 
correspondingly decreased, resulting in a smaller DEP force.  

3.2  Transporting 

ODEP can trap individual particles and then transport the 
particles to anticipant positions and the motion paths can be 
programmed and controlled. As shown in Figure 7, under 
the AC condition of 20Vpp and 1 MHz, two particles with 
30-μm diameters were trapped individually and pro-
grammed motion paths were imposed on the two particles 
(particle 1 and particle 2 shown in Figure 7). These two 
particles were able to move simultaneously depending on 
their respective routings. Figure 7 presents the ability of 
transporting particles parallelly via ODEP. The optical pat-
terns can be controlled by the ODEP controlling software 
developed by ourselves. The two optical rings in Figure 7 
have an external diameter of about 150 μm and an interior 
diameter of about 40 μm. The polystyrene particles were 
always trapped by the illuminated optical rings during the 
transporting. Particle 1 and particle 2 were always following 
the motion of the optical rings from the initial positions at 
the upper area of the snapshot to the terminative area of the 
snapshot. During the transporting, the two particles moved 
simultaneously and always dodged each other as shown in 
Figures 7(b)–(g) until they exchanged their positions and 
arrived at their own new destinations. Comparing Figures 7(a) 
and (h), particle 1 and particle 2 switched their positions. 

The transporting velocity is a vital evaluating indicator 
for the transporting performance and efficiency. To achieve  

 

 

Figure 7  Snapshots of the transporting of two individual polystyrene particles parallelly (Particle 1 and particle 2 were driven towards the underneath of 
the view field and the left particle and right particle were switched their positions during the downward transporting. The optical rings drawn by dashed lines 
in (h) indicate the original positions of the two particles). 
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a distinguished and remarkable feature of the transporting 
velocity’s dependency on the thickness and the inside radius 
of the trapping ring, we employed the particles with a rela-
tively large diameter (50 μm). Figure 8 shows the MS-     
velocity of 50-μm-diameter polystyrene particles with re-
spect to the thickness and the internal radius of the optical 
pattern. When the inside radius of the optical ring was de-
fined as 50 μm, the MS-velocity increased with the ring 
thickness in a roughly linear fashion. Figure 8(b) reflects the 
relation between the MS-velocity and the inside radius of 
the optical trapping ring at a constant thickness of the opti-
cal ring. The profile of MS-velocity increases steeply when 
the inside radius of the light ring is less than 60 μm, but the 
profile is approximately flat while the inside radius of the 
optical ring is more than 60 μm. From Figure 8, it is found 
that at different frequencies, the MS-velocity profiles versus 
the radius and thickness of light ring have similar tendenci-
es and shapes. 

3.3  Concentrating 

In many applications, a single particle’s reaction with other 
reagent is very weak but a concentrated population of parti- 
cles can react with other reagent intensively with obvious 
phenomena. Therefore, when the raw sample is filtered and 
transported to the destinations in a specified manner, the 
isolated particles need concentration for the following de- 
tecting step. The experiment presented in Figure 9 demon- 
strated the concentrating regime of ODEP. The test particles 
in the experiment were the 30-μm-diameter polystyrene 
particles. With an applied voltage of 20Vpp at 900 kHz, at an 
arbitrary area, the micro light pattern of two collecting bowls 
(A and B in Figure 9) can be used to collect a population of 
particles with an arbitrarily set number (see Figures 9(a)–(c)) 
and can move the trapped particle population to an arbitrary 

 

 

Figure 8  MS-velocities versus the thickness and the inside radius of the 
optical trapping ring. 

location. For example, the concentrated particles shown in 
Figure 9(d) could be moved as a whole to the position 
shown in Figure 9(f). For the movement of A and B as 
well as the movement of the particle population, a MS- 
velocity of the optical pattern existed for the concentrating 
operation.  

The time needed for concentrating at the MS-velocity of 
optical pattern is referred to as the minimum concentrating 
time (MC-time). Figure 10 shows the relation between the 
optical linewidth and the minimum concentrating time. 
Generally, a thicker optical line leads to a higher concentra-
tion efficiency and less MC-time. As shown in Figure 10, 
the MC-time under 16Vpp voltage is more than that under 

 

 
Figure 9  Concentrating procedure for microparticles when the two col-
lecting bowls (A and B) move closer and closer as shown in (a), (b) and (c) 
(The concentrated particles can entirely move as a whole from the position 
in (d) to the position in (f)).  

 

Figure 10  Relations between the width of the optical line and the mini-
mum concentrating time (MC-time) at different AC conditions. 
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20Vpp at the same frequency. The reason is that a lower 
voltage resulting in lower electric filed strength weakens the 
magnitude of DEP force, and thus decreases the particle ve-
locity. On the other hand, the MC-time required at 500 kHz is 
less than that at 900 kHz. This is because the capacitive im-
pedance of the aqueous layer significantly decreases when 
the signal frequency increases especially when the fre-
quency is higher than 500 kHz, thus leading to lower volt-
age drop across the aqueous layer. Then the DEP force de-
creases, leading to slower particle motion and thus a longer 
MC-time. 

3.4  Focusing 

Besides concentrating particles, focusing is another post 
treatment mode. Focusing is mainly used to continuously 
and automatically count and detect individual particles. The 
ability to focus particles based on ODEP is demonstrated in 
Figure 11. In this study, a series of longitudinally symmetric 
optical oblique line-array were projected at oblique angles 
on the photoconductive layer to focus the microparticles in 
a straight sample flow. The optical linewidth and the gap 
between adjacent optical lines were set as 40 μm and 50 μm, 
respectively. The inclination angle for each virtual electrode 
was about 30° (refer to Figure 11(a)). The optical oblique 
line-array was moving relatively to the particles in 30-μm 
diameter when the microscope stage carrying the ODEP 
device moved horizontally along the direction of the virtual 
channel. This relative motion could be regarded as the flow 
of particles relative to optical patterns. With an applied 
24Vpp at 600 kHz, the microparticles underwent negative 
ODEP force which drove particles away from the virtual 
electrodes (optical oblique lines), and thus the horizontally 
moving particles swam along the oblique light lines and 
then swam into the virtual channel. In the virtual channel 
particles were focused into a straight particle line (see 
Figures 11(e) and (f)). Note that there was not any substan- 
tial channel flow to assist the focusing of the microparticles.  

The relative velocity between the particles and optical 
patterns for particle focusing had a maximum value (Vfmax) 
which reflects the focusing efficiency. If the relative veloc-
ity is larger than Vfmax, the particle in the ambient area 
around the virtual channel will horizontally move over the 
optical lines, resulting in the failure of particle focusing. As 
shown in Figure 12, the optical linewidth d and its inclina-
tion angle α are the two main factors influencing the value 
of Vfmax. The focusing efficiency grows by about 50% when 
the optical linewidth increases from 30 μm to 70 μm (Fig-
ure 12(a)). When the inclination angle α increases from 
20° to 70°, the focusing efficiency grows by about 3 times 
(Figure 12(b)). This is because the component force along 
the oblique optical line increases with the increase of α, 
leading to larger velocity of particles. Moreover, at the same 
magnitude of voltage, the particle velocity at 600 kHz is 
larger than that at 1 MHz as shown in Figure 12. The  

 

Figure 11  Microparticles are focused into a narrow particle line by “vir-
tual electrodes” projected onto the photoconductive layer to generate a 
negative ODEP force (Original state (a) is the random spatial distribution 
of microparticles. While the microscope stage that carries the ODEP device 
was moving, the random-located particles were gradually forming a 
straight particle line (shown in (b), (c), (d)) and after about 5 s, the particle 
line was becoming stable as shown in (e) and (f)). 

 

Figure 12  (a) Relations between the MS-velocity of the particle flow and 
the optical linewidth(inclination angle α=30° and the optical line gap was 
about 50 μm); (b) relations between the MS-velocity of the particle flow 
and the inclination angle of optical lines (d=40 μm, optical line gap was 
about 50 μm). 
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reason for that is the capacitive impedance of the aqueous 
layer decreases from 600 kHz to 1 MHz, and thus the volt-
age drop across the aqueous layer decreases, resulting in the 
decrease of DEP force and particle MS-velocity. 

3.5  Influence of signal frequency and solution conduc-
tivity on the CM factor 

These particle manipulation regimes can be integrated in a 
single chip system. These ODEP manipulation functions 
benefit much from the flexible design of the light patterns. 
Meanwhile, the manipulation efficiency is not only related 
to optical patterns, but also much related to the frequency, 
voltage and the conductivity of the medium. The essential 
reason for the frequency-dependent response of particles is 
that the CM factor varies with the frequency. For the poly-
styrene beads, surface conductivity should be taken into 
account because the beads have a surface conductivity of 
about 2×10−9 S/m that is significantly larger than the bulk 
conductivity of only 1×10−16 S/m. The suspending liquid for 
particles has a permittivity of about 78.5ε0=6.95×10−10 F/m. 
Figure 13 shows the curves of Re[fCM] with respect to fre- 
quency for the particles with 50-μm and 30-μm diameters. 
As shown in Figure 13, with the increase of frequency, the  

 

Figure 13  Value of Re[fCM] as a function of the signal frequency. (a) 
Re[fCM] curves for polystyrene particles with a diameter of 50 μm; (b) 
Re[fCM] curves for polystyrene particles with a diameter of 30 μm. 

Re[fCM] value decreases until it is down to constant. For a 
certain frequency, Re[fCM] decreases with the raise of the 
solution conductivity. However, when the solution conduc-
tivity exceeds 5×10−4 S/m, the Re[fCM] varies slowly in a 
nonlinear manner. 

When the frequency is below 100 kHz, Re[fCM] decreases 
significantly with the raise of solution conductivity at a cer-
tain frequency (the minimum value is −0.5). When the fre-
quency is higher than 300 kHz, the solution conductivity 
does not influence Re[fCM] remarkably (refer to Figure 13). 
Excessively low solution conductivity will give rise to posi-
tive DEP (Re[fCM]>0) or very small magnitude values of 
Re[fCM], which does not benefit the negative ODEP ma-
nipulation in these experiments. A larger solution conduc-
tivity will lead to a larger magnitude of Re[fCM] when 
Re[fCM]<0. Nevertheless, an excessive high solution con-
ductivity will result in the decrease of aqueous layer im-
pedance, and then decrease the voltage drop across the 
aqueous layer, which causes a much smaller DEP force. 
After several experimental tests, it was found that the solu-
tion conductivity between 5×10-4 S/m and 5×10-3 S/m was a 
compromise choice. 

4  Conclusions 

In this paper, the optical micro patterns for filtering, paral-
lelly transporting, concentrating and focusing of microparti-
cles were designed, and the scanning filtering, multiparticle 
parallel transportation, particle concentration at an ap-
pointed microarea and the focusing for signal particle queue 
were demonstrated experimentally. 

The filtering experiment indicated that the MS-velocity 
of particles increased with the increase of the optical 
linewidth. The filtering efficiency increased by 50%–60% 
when the optical line width grew from 30 μm to 90 μm. For 
the transporting experiment, the particle MS-velocity in-
creased with the growing of thickness and inside radius of 
the trapping optical ring. The particle MS-velocity increased 
steeply when the inside radius of optical ring was less than 
60 μm, but approximately flat when the inside radius of 
optical ring was more than 60 μm. For the concentrating 
experiment, the MC-time decreased with the increase of the 
optical linewidth, and the concentrating efficiency grew by 
50%–70% when the width of the optical linewidth increased 
from 20 μm to 70 μm. Additionally, the concentrating effi-
ciency at 500 kHz was higher than that at 900 kHz. For the 
focusing experiment, the MS-velocity Vfmax increased with 
the increase of optical line width d and its inclination angle 
α. The focusing efficiency grew by about 50% when the 
optical linewidth increased from 30 μm to 70 μm. When the 
inclination angle α increased from 20° to 70°, the focusing 
efficiency grew by about three times. 

For polystyrene particles, the manipulation efficiency 
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had nonlinear relations with the signal frequency and solu-
tion conductivity, and both satisfactory performance and 
high efficiency were obtained when the solution conductiv-
ity was between 5×10−4 S/m and 5×10−3 S/m. 
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