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Abstract 
In this paper, we describe the fabrication of nano-scale 
ink particles with narrow size distribution to offer high 
optical density in electrophoretic display applications .   
Charged white (TiO2 and polyester) and black (carbon 
black and polyester) nano size ink particles in size range 
of 200 ~ 700nm  were made successively using 
modified non-aqueous base emulsion process. The EPD 
showed white reflectance of 58% and saturation voltage 
of ±10V. 

 
 

1. Introduction 
 

Particle-based electrophoretic display(EPD) has 
been paid much attention because of its good 
brightness and contrast, wide viewing angles, state 
bistability and low power consumption when 
compared with liquid crystal displays.  In such EPDs, 
oppositely charged particles consisting of hybrid 
structure of inorganic pigment and organic polymer 
with different color offer optical sates for the EPD by 
application of the electric field between top and 
bottom electrodes. The white and black optical 
densities are basically influenced by the light 
scattering efficiency and absorption efficiency of the 
EPD.   

Especially, to realize high optical density EPD, the 
scattering efficiency of the EPD needs to be improved.  
This scattering efficiency is determined not only by 
the composition of the incident light and the optical 
properties of the particles and the medium but also by 
the size, shape, composition, concentration, surface 

roughness, and spatial arrangement of the ink particles 
et al..  

Generally, polymer coated TiO2 pigments and 
carbon black pigments are used as white and black ink 
particles for EPD application, respectively. 

We have developed a new method to fabricate nano-
sized ink particles with narrow size distribution and 
high pigment concentration with non-aqueous base 
process.  

In this paper, the properties of nano-size white and 
black ink particles and its effect to EPD optical 
density are investigated. 
 

 
2. Experimental Results and Discussion 

 
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.  
 
For EPD applications, the ink particles usually have 
hybrid structure of inorganic pigments and polymer, 
especially, polymer coated pigment structure and it is 
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not easy to fabricate nano-sized ink particles with 
narrow size distribution. 
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. 
 
Fig. 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. 
 

 
 

 
 
Fig.1 Size distribution of nano-sized white and 

black ink particles. 
 

 
Figure 2 shows all the particles have spherical shapes 
so that light scattering efficiency can be enhanced. 
 

 
 

 
 
Fig. 2 SEM images of the white and black ink 

particles. 
 
Figure 3 shows display properties of 3”-sized EPD  
with a distance between the top and bottom electrodes 
was 40 ㎛. The negatively charged white and 
positively charged black particles were used in a 
mixture of Isopar-G and Halocarbon oil as a medium.  
The cell exhibits 7:1 contrast ratio when applying a 
voltage of ±10V.  The graph shows a threshold 
voltage of about -8V and saturated reflectance at +8V. 
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Fig. 3 Reflectance of white and black states of the 

EPD cell. 
 
 The photographs of the EPD is shown in Figure 4. 
 

 
 
Fig. 4 Photographs of the EPD cell. 
 
To realize color EPD, color filter was fabricated using 
photographic method which is believed to be suitable 
process for application to reflective display.  Figure 5 
shows a photograph of the EPD with multi-zone 
colors. 

 
 

Fig. 5 Photographs of the color EPD cell using 
photographic method. 

 
 

3. Summary 
 

 We have fabricated nano-size elecrophoretic 
particles by modified nonaqueous emulsion 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 ± 10V. The 
white and black reflectance was 58% and 58.2% 
corresponding the contrast ratio of  7:1. 
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