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Abstract 
In this paper, we described the unique and novel method 
to prepare two kinds of electro-active particles, black 
and white particles with different polarity. The surface of 
the particles was characterized to be uniform and clean 
by adopting spray dryer as a tool for genesis of 
particles; neither surfactants nor high dielectric medium 
like water was employed during particle preparation 
step. 
The other purpose of this study is to investigate the 
factors that contribute high driving voltage of particle-
based display like QR-LPD. We extracted parameters 
interaction between particle and electrode, and between 
oppositely charged particles. 
Here we reported an excellent behavior of particle-based 
display that showed low operating voltage, high contrast 
ratio as high as 8:1 without scarification of quick 
response time. By optimizing the particle size, charge 
per mass, selection of external additive sets, a lower 
driving voltage as low as 40V for the particles with 
10µm volume average diameter was obtained. 

 
 

1. Introduction 
 

Recently, particle-based electrophoretic display 
(EPD) has been paid much attention because of its 
good brightness, contrast, wide viewing angles, 
bistability state and low power consumption. There 
have been reported several different types of the EPD 
such as a microcapsule-type [e-ink corp.][1], micro-
cup type[SiPix Imaging, Inc.][2] that are using 
dielectric fluid as a medium for particle movement 
and QR-LPD(Quick Response-Liquid Power 

Display)[Bridgestone, Inc.][3] using air as a medium.  
Among the displays mentioned above, EDP using 

air as a medium for particle movement has a unique 
advantage of very rapid response time (~ 200µsec), 
although it exhibits high driving voltages(~± 70V). 
Therefore, it is very important to lower the driving 
voltage in terms of driver design and power 
consumption for the practical applications of display.  

The high driving voltage was attributed by the 
interaction between particle and electrode, which need 
high voltage vias for attached particles to move to the 
oppositely charged particles and this is generally 
understood in the particle application field like toner. 
The other reason for the high voltage driving of QR-
LPD is due to well-known Columbic force exerted 
between oppositely charged particles.  

In this paper, we described the unique and novel 
method to prepare particle-based display that showed 
low operating voltage, high contrast ratio without 
scarification of quick response time. By optimizing 
the particle size, charge per mass, selection of external 
additive sets, was obtained a lower driving voltage as 
low as 40V for the particles with 10µm volume 
average diameter.  
 

 
2. Experimental Results and Discussion 

 
Generally, the particle preparation was carried out in 
aqueous media by action of shear forces and surfactants 
through emulsion polymerization. The electrostatic particles 
for display should have; homogeneous surface 
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characteristics, no impurity, round and homogeneous 
curvature. In order for particles to have controllable charges, 
it is essential to remove all the processing aids like 
surfactants and remaining solvent and water residue.  
Spray drying method is air mediated one that doesn’t 
require the mentioned element for particle generation. We 
specially designed nozzle for particle size control and 
obtained particles with clean and homogeneous surface. 
Figure 1 showed schematic diagram of  the spray dryer for 
particle generation. 
 
 

 
 
Fig. 1 Schematic diagram of the spray dryer. 
 
Figure 2 shows size distribution of white and black particles 
prepared from spray dryer. The size analyzer, Malvern 
Mastersizer 2000 reads a volumetric mean diameter of 
particles 10  and the size distribution noted by span80 
[(d90-d10)/d50] of 0.6, which is narrow size distribution.  
 
The SEM picture shown in figure 3 depicts that the particle 
morphology was spherically developed with smooth surface. 
The spherically shaped particle was thought to have low 
physical resistance when the particles move from an 
electrode to an opposite electrode compared non spherical 
particle. The other advantage of spherical shape of particle 
is originated from uniform electrification from the view 
point of charge development with electrostatic 
electrification. The electric charge is generally intensified 
where the positive curvature exists.  
 
Typical arrangement of measurement cell was described in 
Fig. 4 consisting of transparent electrode, ITO and the 
particles in cell gap(~50 ).  

 
 

 
 
Fig.2  Typical size distribution of ink particles. 
 
 

 
 

 
 
Fig. 3.  Typical SEM images of ink particles. 
 
Figure 4 draws the typical reflectance pattern of EPD using 
particles which specially designed and fabricated 
considering  both Van der waals interaction between 
particle and electrode and Columbic interaction between 
oppositely charged particles.  The reflectance starts to rise 
from 0 V and, linearly increase to reach a saturated 
reflectance where the particles stop its movement 
statistically. Threshold behavior was found which is 
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important in designing driving part for particle based 
display. 
 
 

 
 
Fig. 4 Typical Reflectance of white and black states of 

the EPD cell. 
 
In figure 5 shows photographs of the EPD for black and 
white state that shows good contrast.  
 
 

 
 
Fig. 5 Photographs of the EPD cell. 
 
 
 
 

 
 
Fig. 6 Optical microscophy of white and black stat of the 

EPD cell. 
 
 

3. Summary 
 

 We have fabricated micron-scale elecrophoretic 
particles by non-solvent particle fabrication process.  
Specially designed particles and panel structure 
fabricated considering the interactions between 
particle/particle, particle/media, and particle/electrode 
dramatically reduce the driving voltages to ± 40V. The 
white and black reflectance was 45% and 5.8% 
corresponding the contrast ratio of 8:1. 
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