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Abstract

This paper reports the organic optoelectronic plat-
form which integrates optoelectrowetting (OEW) and
optoelectronic tweezers (OET) by spin-coating titanium
oxide phthalocyanine (TiOPc) as a photoconductive
layer for realizing the manipulation of cells and the ac-
tuation of droplets in a single chip.

1. Introduction

This paper reports the organic optoelectronic platform
which integrates optoelectrowetting (OEW) and optoelec-
tronic tweezers (OET) by spin-coating titanium oxide
phthalocyanine (TiOPc) as a photoconductive layer for
realizing the manipulation of cells and the actuation of
droplets in a single chip. The equivalent circuit models of
this platform are established and simulated for indicating
the operation regions of OET and OEW under the frequen-
cy modulation. We demonstrate two kinds of operation
methods: (1) Stromal cells in a droplet are concentrated by
OET force with inverse strip-shaped optical patterns and
the applied electrical signal in the high frequency range. (2)
Droplets are actuated by OEW force with square-shaped
optical patterns and the applied electrical signal in the low
frequency range.

S. K. Fan et al. group establish identical and dielec-
tric-coated electrodes of dielectrophoresis (DEP) and
electrowetting on dielectric (EWOD) in a single chip to
achieve the concentration of Neuroblastoma cells in an
EWOD-actuated droplet by applying appropriate electrical
signals with different frequencies on these electrodes [1]. J.
K. Valley et al. present the united platform which uses the
a-Si (amorphous silicon)-based OEW structure to manipu-
late HeLa cells and droplets by controlling image-induced
virtual electrodes and modulating the frequencies of elec-
trical signals [2]. In our previous researches, TiOPc-based
OET and OEW devices have been respectively developed
[3, 4]. Now we demonstrate the concentration of Stromal
cells and the actuation of droplets in the TiOPc-based opto-
electronic platform with frequency-modulated OET and
OEW.

2. Results

The setup of the platform shown in Figure 1 includes a
LCD projector, optical lens module (L1, L2 and M1 parts),
a microscope and a CCD camera. Optical images are pro-

duced from the projector and transmitted though optical
lens module onto the device. The function generator and
the AC signal amplifier are used to generate the frequen-
cy-modulated electrical signals for OET and OEW opera-
tions.

Figure 2 shows the structure of the platform and related
equivalent circuit models in different operation conditions.
TiOPc, SU-8 and Teflon, from bottom to top, are
spin-coated on the bottom ITO glass with the thickness
aboutl.5um, lpm, and 20nm respectively. The top ITO
glasses are spin-coated with 20nm Teflon. A droplet in-
cluding cells is rested with the spacer (~50um) in between.
Figure 2(a) shows initial condition. Major voltage drops
across the TiOPc layer when no light illumination and the
applied electrical signal at the low frequency. Neither OET
nor OEW phenomenon happens. Figure 2(b) shows OEW
mode. In the low frequency range, the SU-8 layer has the
higher impedance to result in most voltage drop across it in
the light illuminating location. The square-shaped virtual
electrode induces electrowetting force to drive a droplet.
Figure 2(c) shows OET mode. In the high frequency range,
most voltage concentrates on a droplet in the image pattern
due to the higher impedance of the liquid layer. The
strip-shaped virtual electrodes generate DEP force on cells.
According to equivalent circuit models of OEW and OET,
the changes of Vinsuor (VOltage across the insulator) and
Vater (Voltage across the liquid layer) varying with fre-
quencies are simulated in Figure 3 to distinguish OEW and
OET regions.

Figure 4 (a)-(d) show that a droplet containing
microparticles is trapped and moved by the square-shaped
image with the voltage of 50V at 500 Hz. The velocity of
the droplet movement is about 14pum/s. Figure 5 (a)-(d)
show that Stromal cells experience positive DEP and are
concentrated in the center of the picture by inverse
strip-shaped images when AC signal (bias = 7.8V, fre-
quency = 100kHz) is applied. The measured velocity of
Stromal cells is about 3um/s and OET force on cells is
about 10 pN.
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Fig. 1 Setup of the organic optoelectronic platform.

PC

Function
Generator

(a)

1TO Glass ]

/ —Cells

WATER

Light Source

1TO Glass ]
Fokr Forr
SFory . M » o B
= Comnn] Ruren
Forr—jm
Crion
Ryion
1TO Glass

Major voliage drop

(c)

Fig. 2 Working principles of organic optoelectronic platform.
(a) Initial condition; (b) OEW mode; (c) OET mode.
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Fig. 3 In light illumination, OEW is the dominant force in the
low frequency range (pink area). OET becomes the dominant
force in the high frequency range (light blue area).

) Droplet

Microparticles /
-_ A Optical

Fig. 4 (a)-(d) A droplet containing microparticles is trapped
and moved in the direction of the optical pattern.
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Fig. 5: (a)-(d) Stromal cells are concentrated by using inverse
strip-shaped optical patterns moving from the edges to the
center of the picture.

3. Conclusions

We have demonstrated that a droplet containing
microparticles was trapped and moved by the square
shaped image with the voltage of 50 V at 500 Hz. The ve-
locity of the droplet movement is about 14um/s. We also
demonstrated that a droplet containing Stromal cells was
trapped by inverse strip-shaped images with the frequency
of 100kHz. The measured velocity of Stromal cells is about
3um/s and OET force on cells is about 10 pN.
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