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Abstract 
In this paper, we describe the basic operating 
mechanism of our novel reflective display, Fast Moving 
Ball Actuator (FMBA) mode[1], using micro-sized metal 
coated polymer ball in fluid medium. Metal surface of 
the ball can be charged up by contact electrode and their 
locations can be controlled by applied field to obtain 
optically on and off state. In the medium with high 
viscosity, the response speed of the moving ball might be 
reached into their terminal velocity and changed in 
proportion to the frequency of applied voltage on the 
electrodes. 

 
 

1. Introduction 
 

Paper invented over 2000 years ago, but it is still 
commonly used today. In the near future, the most of 
paper may be replaced by the electronic paper (e-
paper). Major progress in paper-like display has made 
it possible to exchange the electronic information 
easily and quickly at any time. Recently, there are lots 
of researches to studying the various e-paper display 
modes. However, most of these e-paper technologies 
have proved to be difficult to put into the mass 
production. The paper-like display media has to 
satisfy some critical requirements as memory function 
of display information (for obtaining low power 
consumption), rewritability, convenience (similar to 
paper), low manufacturing cost and high legibility. 
Various e-paper display modes have been introduced 
as an in-plane electrophoretic display [2,3], a 
microencapsulated electrophoretic display [4-6], a 
twisting-ball display[7], a toner display [8], and an 
electrode position device[9], et cetera. Although the 
most recently demonstrated samples truly have cheap 
paper image quality, the same cannot be claimed about 

the price. In this paper, we report the basic structure 
and driving mechanism for the horizontal switching 
type of the Fast Moving Ball Actuator (FMBA) in 
fluid medium as a function of viscosity and the 
preliminary results of the working samples [1]. 

 

 
Fig.1. Structure of reflective FMBA device with 
horizontal switching electrodes. One electrode was 
covered with insulating layer, and the other was opened. 
 

 
2. Experimental  

 
The structure of our system of Fast Moving Ball 

Actuator mode is shown in Fig.1. The horizontal 
switching FMBA cell consists of Metal-Insulator-
Metal (MIM) structure. We used the molybdenum 
(Mo) and silicon nitride (SiNx) as electrode and 
insulating layer, respectively. All of the electrode 
layers were deposited by conventional DC magnetron 
sputter and patterned by photo-lithography and wet 
chemical etching process. The SiNx layers were 
deposited by chemical-vapor deposition with 
thickness of 200nm. The micro sized polymer balls 
were coated by Au, which can be charged-up by 
contacting with open electrodes to be equi-potentially. 
The insulating layer prevents discharge of micro-sized 
ball and keeps the memory function. 
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3. Results and discussion 
 

For analysis of the basic motion characteristics of 
the charged metal ball in between electrodes, we have 
designed the horizontal electrode structure directly 
contacting with the metal ball and charging up the 
electric potential until to be equi-potential as shown in 
Fig.2(a); the location of ball in the cell can control by 
the electric field on the electrodes. Because of 
excessively fast motion of the metal ball in air 
circumstance, we used fluid medium with low 
dielectric property to slow down the charged metal 
ball without loss of electric field. We compare the 
optical operating property of the ball in the cell as a 
function of viscosity and frequency.  

Just before moving the ball, two forces are balance 
as Fv (the vander waals force) and Fc (the coulomb 
force): these forces are related to between the metal 
ball and the contacted electrode. On the other hand, Fd 
is the drag force which is interactive to between the 
ball and the medium. In fluid dynamics, drag refers to 
forces that oppose the relative motion of ball. The ball 
on the electrode gets start when the coulomb force Fc 
is larger than vander waals Fv. The terminal velocity is 
achieved when the drag force Fd is equal to coulomb 
force Fc in magnitude. 

 

 
(a) 

 

 
(b) 

Fig.2. (a) Force balance of metal ball in between open 
electrodes, (b) electrode system for memory fuction. 

 
 

At any cases, the ball might move to opposite 
electrode when it feels the different potential and start 
oscillation in between electrodes. Because the 
oscillating ball cannot be hold on any electrodes in the 
open electrode system, the holding electrode structure 
has been developed to get a memory function as 
shown in Fig.2(b).  

The insulating layer is added to hold the charged 
metal ball on insulated electrode. The charged metal 
ball can be hold because of strong coulomb force 

between the charged ball and the insulated electrode 
until to be same potential by charge leakage. 

The initial state is the equi-potential between open 
electrode and insulated electrode and then the balls on 
open electrode charge up until to be same potential. 
After biasing for potential deference, the balls on the 
open electrode move to insulated electrode and can be 
hold on the insulated electrode for a long time. If we 
control the electric potential of the insulated electrode 
to be same as the metal balls, the balls will move back 
to the open electrode. 

 
 

4. Summary 
 

We describe the basic operating property of Fast 
Moving Ball Actuator mode in fluid medium system. 
From this we can check the response time. The FMBA 
mode is primary research but it has deep potential for 
electronic paper display. We will present the detail 
performances of the proto-typed FMBA cell, and 
develop the reflective mode for a real e-paper in the 
near future. 
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