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Abstract 
In this paper, we describe new approach of ink particle 

fabrication method  for electrophoretic display(EPD) 

with low voltage and rapid response time. Nano-size ink 

particles which fabricated using non-aqueous base 

modified emulsion process and micron-scale particles by 

non-solvent particle fabrication process are discussed.  

Finally, specially designed particles and panel structure 

fabricated considering the interactions between 

particle/particle, particle/media or particle/electrode 

dramatically reduce the driving voltages to ± 10V and 

improve the response time of less than 100msec and 

white reflectance of 58% for EPD using dielectric fluid 

as a medium . In case of EPD adapting micron-sized 

electrophoretic particles and a medium of air, the 

saturation voltage could be reduced to ± 40V and having 

white reflectance of 45% without scarification of 

electrophoretic mobility of the particles. 
 

 

1. Introduction 

 

Since electrophoretic display(EPD), which operated 

by the motion of charged particles through a medium 

due to an applied electric field, has been introduced in 

the early 1970s, the technology has progressed 

significantly because of its availability for application 

in low cost, low energy consumption, flexible and/or 

portable electronics as well as easy readability.  

In such particle-based EPDs, it can be classified 

into two different types; one is using dielectric fluid as 

a medium and the other is using air as a medium for 

the particle motion under applied electric field.  It 

has been reported that low driving voltage and 

excellent bistability with slow response time is 

acquired in case of a dielectric fluid medium type 

whereas air medium type EDP exhibits rapid response 

time and good bistability with high driving voltage. 

There has been reported commercial products such 

as a microncapsule-type [e-ink corp.][1], micron-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.  

To realize EDP which has characteristics of high 

white reflectance, low driving voltage and rapid 

response time, a new approach is needed to improve 

the properties of charged particles and media as well 

as architecture of the panel. 

In this paper, we describe the unique fabrication 

method to obtain nano-size electronic ink particles for 

the fluid medium and micron-size charged particles 

for the air medium. And properties of EPDs such as 

white reflectance, contrast ratio, driving voltage, 

image update time were investigated. 

 

 

2. Experimental Results and Discussion 
 

2.1.  EPD with nano-sized particles 

Oppositely charged particles consisting of hybrid 

structure of inorganic pigment and organic polymer 

with different color offer optical states for the EPD by 

application of the electric field between top and 

bottom electrodes. Conventionally, polymer coated 

TiO2 pigments and carbon black pigments are used as 

white and black ink particles, respectively. 

To realize paper-like color –whiteness- for EPD, 

white reflectance need to be improved. The white 

reflectance is known to be influenced not only by the 

composition of the incident light and the optical 

properties of the particles and the medium but also by 
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the size, shape, composition, concentration, surface 

roughness, and spatial arrangement of the ink particles 

et al..  

K. Nelson et al.[1] and A. Penttila et al.[2] reported 

that the light scattering efficiency is much influenced 

by particle size. According to them, high light 

scattering efficiency can be obtained in the size range 

of 250 ~ 500nm with the highest at about 300nm, 

whereas the particles in the range of smaller than 

200nm or larger than 600nm exhibits the efficiency 

less than 50%. Therefore, the white ink particles 

having size distribution of the optimum range with 

narrow size distribution are highly required for high 

density and excellent contrast ratio in EPD.  

We have fabricated charged nano-sized 

white(hybrid type of TiO2 pigment and polyester) and 

black(hybrid type of carbon black and polyester) ink 

particles with spherical shape using non-aqueous 

based modified emulsion process. The polarity of 

white and Black can be easily controlled using charge 

control agents(CCA). 

We believe that non-aqueous base ink particle 

fabrication method is especially important because all 

the materials adapted in EPD using charged ink 

particles dispersed in transparent dielectric media is 

non-aqueous system. If very small amount of aqueous 

component such as water is involved into surface of 

the particles, the movement of the ink particles under 

electric field would be significantly influenced and 

also, it is very difficult to remove the aqueous 

component completely. 

Figure 1 shows size distribution of white and black 

ink particles fabricated.  It shows that the mean 

diameter of both particles is about 300nm and very 

narrow size distribution (span80=(d90-d10)/d50) of 0.9). 

All the particles are smaller than 700nm which can 

offer high light scattering efficiency in the particle 

size ranges. 

 

Figure 2 shows structure of test cell in this study. 

The separation distance between top and bottom ITO 

electrodes was 40μm. 

 

 
Fig.1 Size distribution of nano-sized white and 

black ink particles. 

 
Fig.2 Schematic diagram of cell structure. 

 

The white and black ink particles are basically 

spherically shaped  nano-size, which can offer high 

optical density in visible range, with hybrid structure 

of inorganic TiO2(for white)/polyester and carbon 

black(for black) / polyester.  The white and black 

hybrid nano-sized particles were dispersed in Isopar-G. 

 It exhibits saturation voltage of about ± 10V 

with a maximum white reflectance of 58%. It should 

be noted that A4 size white copy paper shows white 

reflectance of  85%.   

 

 

Fig.3  Reflectance vs. applied voltage curve. 

 

Figure 4 shows photography of the test cell in this 

study. It shows contrast ratio of 7:1 and image update 

time of ~ 60msec at ± 10V. 

 

 
Fig. 4  Photograph of the test cell. 

 

2.2. EPD with micron-sized particles 

EDP using air as a medium has a unique advantage 

of very rapid response time, although it exhibits high 

driving voltage.  Therefore, it is very important to 

lower the driving voltage in terms of driver design and 



29-2 / Y. E. Lee 

• IMID 2009 DIGEST 

power consumption for the practical applications of 

the EPD.  

The high driving voltage is thought to be attributed 

by the interaction between particle and electrode, 

which needs high voltage bias for the attached 

particles on the surface of electrode to move to the 

oppositely biased electrode and this is generally 

understood in the particle application field like toner. 

The other reason for the high voltage driving is due to 

well-known columbic force exerted between 

oppositely charged particles.  

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 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 5 shows size distribution of white and black 

particles prepared from spray dryer. It shows 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 6 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.  

 

 
Fig.5  Typical size distribution of micron-sized  

particles. 

 

 
Fig. 6.  Typical SEM images of micron-sized 

particles. 

 

In our experience, interactions between particle-

electrode and particle-particle are major factors which 

govern the saturation voltage for EPD adapting air as 

a medium. This indicates specified controlling 

parameters are needed to be considered with different 

types of electrophoretic displays in terms of ink 

particles. 

As aforementioned, the reduction of saturation 

voltage for particle based display was envisaged to be 

from Van der Waals interaction between particle and 

electrode, and Columbic interaction between 

oppositely charged particles. One of effective way to 

reduce the interactions is to make distant contacts 

between each component. This contact was controlled 

by size of external additives located on the surface of 

particles. As shown in Table 1, incorporation of 

external additives on the surface of the particles 

reduce the saturation voltages dramatically. 

Typical arrangement of measurement cell was 

described in figure 2 consisting of transparent 

electrode, ITO and the particles in cell gap(~80㎛).   

 

TABLE 1. Additive size and polarity dependence 

on saturation voltages 

Polarity 
Additive size 

Black White 

Saturation 

voltage 

(-) (-) ±35V 

(+) (+) ±40V 

(-) (+) ±45V 
100nm 

(+) (-) ±45V 

(+) (+) ±70V 

(-) (-) ±70V 

(-) (+) ±70V 
20nm 

(+) (-) ±70V 

 

The large sized external additives on the surface of 

particles would play as a spacer between components 

and resultant contact distant. The more distant 

between components was found to be effective for the 

less saturation voltage. It is noticed that the particles 

having maximum additive about 70 ~100 nm reached 

saturation at 30V where comfortable driver design is 

possible. Another way is controlling polarity of the 
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additives. In case of the additives with same polarity 

for positively charged black and negatively charged 

white particles, the saturation voltages can be lowered 

as compared to oppositely charged additives. 

 

Figure 7 shows a variation of reflectance with 

applied voltages.  It exhibits a maximum reflectance 

of ~45% (contrast ratio of 8:1) and a saturation 

voltage of ± 40V. 

 

 
Fig.7  Reflectance vs. applied voltage curve. 

 

Figure 8 shows (a) a photograph of EPD adapting 

micron-sized particles and (b) a picture of optical 

microscope of black state. The test panel has image 

update time between black and white of less than 10 

msec. 

Table 2 shows summary of characteristics of EPD 

adapting nano-sized and micron-sized particles. 

 

TABLE 2. Properties of EPDs in this study. 
 Nano-size Micron-size 

Medium Isopar-G air 

Saturation voltage ± 10V ± 40V 

Contrast ratio 7:1 8:1 

Image update time ~ 100 msec < 10 msec 

 

 
Fig. 8 EDP adapting micron-sized particles. 

 

 

 

 

3. Summary 

 

 We have fabricated two different kinds of 

electrophoretic particles with unique processes. Nano-

sized ink particles which fabricated using non-

aqueous base modified emulsion process and micron-

scale particles by non-solvent particle fabrication 

process are discussed.  Finally, specially designed 

particles and panel structure fabricated considering the 

interactions between particle/particle, particle/media, 

and particle/electrode dramatically reduce the driving 

voltages to ± 10V and improve the response time of 

less than 100msec for EPD using dielectric fluid as a 

medium . In case of EPD adapting micron-sized 

electrophoretic particles and a medium of air, the 

saturation voltage could be reduced to ± 40V without 

scarification of electrophoretic mobility of the 

particles. 
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