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Abstract 
In recent years, flexible e-paper displays based on 

electrophorectic materials continue to attract enormous 

interest from technologists and are expected to be in the 

market soon. To realize a flexible e-paper, several key 

technologies for TFT backplane have been developed, 

while it still lacks good color reproduction and requires 

input function for use in its various applications. Thus, the 

technical issues for implementing color and touch 

functions in a flexible e-paper are discussed, and then our 

development status along with technology trend of it is 

described. 

 

 

1. Introduction 

 

As the amount of information has been increased, 

the paper usage is also increased accordingly, so 

there is a market need for digital storage medium that 

has paper like-look, portability, information storage, 

and intuitive interface [1]. In this respect, paper-like 

displays will be a suitable medium because they have 

abilities to be curved (or bendable), even rollable like 

printed papers and conformable design with light-

weight, portability and extremely low power 

consumption [2]. Also, various multimedia functions 

such as moving image, sound, graphic, and storage 

can be implemented in this paper-like display. 

Furthermore, it is possible to have interactive 

communication for data update in real time and easy 

to use hypertext function and data search suitably. 

Thus, the flexible paper-like display will create new 

application area that was limited or impossible to 

apply conventional flat panel displays such as Liquid 

Crystal Display (LCD) and Plasma Display Panel 

(PDP). That is, portable IT products such as e-book 

or e-paper will replace current printed publications 

like newspaper, magazine, textbook, cartoon and so 

on. Also, it is possible to extend the applications for 

wearable display owing to its durable and fully 

conformal characteristics and for use in indoor or 

outdoor information display. 

To realize a flexible e-paper, representative key 

technological issues are remained such as substrate, 

interface, and color reproduction in terms of physical 

characteristics, input function and image quality, 

respectively. Regarding the substrate, plastic or metal 

foil has been used for making e-paper instead of thin 

glass in order to realize portability and ruggedness 

look like real paper, resulting in bendable or foldable 

display. In the near future, it is expected to be 

fabricated with Roll to Roll type [3,4], which makes 

e-paper to be flexible completely as well as to be 

mass-production excellently. Meanwhile, since there 

is a significant market need for a color e-paper that is 

commercially viable with enhanced color perfor-

mance, the image quality of e-paper will have been 

developed from early Black/White to vivid color 

along with good improvement of Contrast ratio and 

Reflectivity. And, it is expected to be developed such 

that people can easily add new information with 

pencil or pen like real paper and can use it smoothly 

as an interface in the form of electronic device. Thus, 

button touch or switch type touch in the peripheral at 

the beginning has been changed into intuitive touch 

that enables us to read and write much easily.   

In this paper, we describe our development status 

concerning the flexible e-paper display based on the 

micro-encapsulated electrophoretic (MEP) material 

aiming to realize full color and intuitive input 

function. 

 

 

2. Fabrication of flexible Thin Film Transistor 

 (TFT) backplane  
 

To build a flexible display, people have used a thin 

metal foil or plastic as a substrate that has attached on 

a carrier glass with adhesive layer, and then detached 
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it from the glass after completing all the TFT 

processes. However, this so-called “bonding & de-

bonding process” needs complex process steps and is 

not suitable for mass-production, so that we have 

developed a single stainless steel (STS) plate process 

using a relatively thick STS430 material. After 

fabricating TFT array on a thick STS plate that has 

similar bending property with glass substrate, we have 

used the chemical etching process from the back side 

of the plate to be thin and flexible. This new process 

enables us to use current equipments in LCD line for 

mass-producing the flexible displays. Here, the multi-

barrier layers have been developed to improve the 

surface roughness of the STS plate as well as insulate 

it from the electrodes before making TFT array on it. 

Then, the conventional 5-mask a-Si TFT process with 

process temperature of 250℃ was applied. The back 

channel etched a-Si TFT on STS substrates is shown 

in figure 1. The fabricated TFT on a single STS 

substrate shows threshold voltage of ~1.0 V, linear 

mobility of ~0.2 ㎠/Vs, subthreshold slope of ~0.9 

V/decade, and high On/Off current ratio of over ~108, 

[5] which reveals the strong possibility for various 

flexible display applications including flexible e-paper. 

 

 

 

 

Fig. 1. Cross-sectional view of a-Si:H TFT on a 

single STS  
 

 

3. Color implementation in a flexible e-paper 
 

Although the MEP material can reproduce mono 

colors (white/black, white/blue, white/green, or 

white/red) with good performance using two colored 

pigments in a microcapsule [6], it is very difficult to 

have R,G, B colors with individually switchable pixels 

requiring that three types of capsules can be finely 

patterned and aligned with appropriate TFT pixels. 

Thus, the color filter array (CFA) on MEP film instead 

of using colored pigments is usually used due to its 

comparatively easy processes. However, making a 

CFA on a plastic needs to reduce the curing 

temperature of the color filter resin to below 150°C 

because of dimensional stability of the plastic 

substrate. In addition, if the CFA on top of the flexible 

panel is used, a reflectivity of the panel is decreased 

much because the CFA itself absorbs the incoming 

beam of 50% above. Thus, we have developed new 

CF resin curable at a lower temperature, and 

optimized the thickness and the processes of it 

because there are some trade-off relationships 

between the transmission and the color gamut. This 

proprietary processing can minimize the deformation 

of the plastic substrate and the CF structure with 

showing better color reproduction. Moreover, this 

CFA has been newly designed based on a quad type 

pixel structure which the unit pixel has 4 dots.  The 

structure consists of the smaller size of Red(R), 

Green(G), Blue(B), White(W) pattern than that of 

TFT pixel, which create more white region as below : 
 

Total white area :  

[1/4 + (X × Y)-(X`×Y`) × 3/4 ] × pixel area (R,G,B,W) 
  

Where x and y (x’ and y’) represents the sizes of the 

TFT pixel (CF pattern). Thus, the reduction in a 

reflectivity at a white mode caused by CF absorption 

of the input beam can be compensated by using this 

new design. Moreover, the specialized CF pattern 

improves the contrast ratio and removes the color 

mixing or the color inversion problems as well. 

 

 
(a) 

 

 
 (b) 

 

Fig. 2. (a) CFA design concept and (b)cross-

sectional view of flexible color e-paper 

 

 

Meanwhile, before loading the image file into the 

driving system, we are able to adjust the original 

image suitable for this reflective e-paper display as 
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follow. First, we mapped R, G, B data of original 

image into the HSI (Hue, Saturation, Intensity) space 

to regulate these factors and then turn back to R, B, G 

space. Then, we applied sharpening and smoothing to 

enhance image quality. And, although this MEP itself 

can reproduce only 16 grey levels for each R,G,B 

pixel (~4096 colors), we can increase color numbers 

of about 16.7 M virtually by using dithering method 

such that number of bits for data transferring regulate 

with some kinds of image mask. Thus, we have 

achieved smoothly changed image with decreasing 

contour lines as shown in Figure 3. Figure 4 shows the 

prototype of 14.3” WXGA flexible e-paper display 

with better quality of color image. 

 
 

 
 

Fig. 3. Color image enhancement by color and 

dithering algorithms 
 

 

 

 

Fig. 4. The prototype of 14.3” WXGA flexible color 

e-paper display 

 

 

4. Integration of Touch technology in a flexible 

e-paper 

 

There are various types of touch screens including 

resistive, capacitive, or optical touch array attached on 

top of the e-paper display to implement input function. 

However, these methods need to use special assembly 

with additional components, resulting in increasing 

the thickness, weight, and power consumption. 

Moreover, there is much more degradation of the 

image quality of the reflective type display than that 

of transmissive type display in terms of brightness, 

Contrast Ratio and Color Gamut [7]. To solve the 

above issues for touch screen type display, touch panel 

embedding photo-sensor array has been reported. 

However, there is a still problem such that touch 

function of the panel is operated even when the user 

makes shadow in front of the panel without touching. 

Thus, we have developed in-cell type adaptive touch 

technology based on two different photo sensors and 

overall capacitive sensor to improve touch sensitivity 

regardless of the variation of the light intensity in an 

environment as well as remove the shadow issues in 

photo-sensor type touch.   

Overall capacitive sensor has been fabricated by 

laminating ITO coated film on top of the e-ink film as 

shown in the red dotted line of figure 5. Then, this 

ITO is connected to capacitive sensor chip, which 

recognize the touch or no-touch action. On the other 

hand, two types of photo-sensor arrays have been 

fabricated with switching TFT array at the same time 

when we make TFT backplane as shown in the blue 

dotted line of the figure 5. Here, we have applied two 

sensor TFTs that have different channel widths for 

indoor and outdoor environments by analyzing the 

difference between dark and photo current level with 

touch and no-touch respectively, while the driving 

TFT has the same channel size with the pixel 

transistor. Moreover, we have used double metal 

structure for pixel layer to shield the pixel TFT from 

an environment light and to guide the light into the 

sensor TFT properly, resulting in improving the photo 

sensitivity. 

 

 

Fig. 5. Cross sectional view of in-cell type touch 

embedded in a flexible e-paper 
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Figure 6 shows the circuit diagram for the adaptive 

photo sensor and overall capacitor, where the 

capacitive sensor plays role of switch to turn on the 

photo sensor array only when user makes touch action 

on the e-paper display. Then exact identification of the 

touch position has been made by the one of the two 

photo-sensor arrays selected by the algorithm 

depending upon the light intensity in an environment. 

Thus, we can reduce power consumption effectively 

and prevent shadow effect because photo-sensor scan 

will be started only after getting touch signal from this 

overall capacitive sensor. Also, we can achieve better 

touch sensitivity using adaptive touch based on two 

different types of photo-sensors in both indoor and 

outdoor environments. Meanwhile, each a-Si photo-

sensor array has been constructed with 2 transistors 

and 1 capacitor unit, where the a-Si TFT sensors of T1 

and T2 induce photo-leakage currents and the 

capacitors (Cs 1 and Cs 2) maintain certain amount of 

charges stored by this leakage currents, while the 

stored charges are converted into output voltage levels 

that are then sent into read out IC by driving TFT (SW 

T3 and T4).  

 

 

 
 

Fig. 6. Circuit diagram for adaptive photo-sensor 

and overall capacitive sensor 

 

 

Then, we implemented in-cell type adaptive touch 

function in the 11.5” UXGA flexile e-paper using 

photo-sensors and partial capacitive sensor as shown 

in figure 7. Here, we note that the touch signal from 

the capacitive sensor has been influenced on some   

parastic capacitors due to peripheral electrodes in the 

panel. It means that the size of the capacitor film can 

be an issue to be operated in the full area of the panel. 

Thus, now we are in the middle of improving the 

overall capacitive sensor in this respect.  

 
 

Fig. 7. The prototype of 11.5” flexible e-paper with 

in-cell type touch function 

 

 

5. Summary 

 

Proprietary processing technologies that minimize 

panel deformation and prevent circuit structure change 

on a single STS substrate have been developed for 

realizing flexible e-paper. Then, we have adopted new 

CF designs and processes of CFA to overcome 

processing difficulties inherent in the lack of heat 

resistance in plastic. Also, we have applied color 

enhancement and W+ algorithm to improve the color 

image quality. Moreover, in-cell type adaptive touch 

has been developed using two types of photo-sensor 

arrays and overall capacitor for the first time to get 

better touch sensitivity and save power consumption 

without decreasing image quality while maintaining 

slim & light weight and compact module architecture. 

Thus, these flexible e-papers with added functions 

create new applications in the future flexible display 

area.  
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