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Abstract
The influences of the temporal and permanent image 

stickings on a bright screen were examined under 
various pressures, He, and Xe contents in the 42-in. and 

50-in. AC-PDPs with a ternary gas mixture (Xe-He-Ne). 
With a decrease in the working gas pressure and Xe 

contents, and an increase in the He contents, the 
temporal image stickings were observed to be reduced. 

Whereas, with an increase in the working gas pressure, 
and a decrease in the He and Xe contents, the permanent 

image stickings were observed to be reduced. 

1. Introduction

Since the invention of AC-PDPs in the 1960s by the 

Coordinated Science Laboratory at the University of 

Illinois, extensive research has produced high quality 

PDPs, allowing current PDPs to represent a large 

market share in the flat-panel-display area. Recently, 

the image sticking or image retention is a critical issue 

that needs an urgent solution for the realization of a 

high image quality in IPTV (Internet Protocol 

Television), PID (Public Information Display), and 

Electronic Copy-Board [1], [2]. Nonetheless, the 

image sticking problems of PDPs remain a significant 

defect compared with other display devices (e.g. CRTs, 

LCDs, and OLEDs). As such, this paper focuses on 

the effects of the temporal and permanent image 

sticking under various pressures, Xe, and He contents 

in the 42-in. and 50-in. AC-PDPs with a ternary gas 

mixture. Our experimental observation illustrates that 

the various pressures, He, and Xe contents are closely 

related to the temporal and permanent image sticking 

phenomenon. Accordingly, this paper investigates the 

relation between the temporal and permanent image 

sticking and the pressure (Xe and He contents fixed at 

11% and 35%), He (Xe contents and gas pressure 

fixed at 11% and 420torr), and Xe (He contents and 

gas pressure fixed at 51% and 390torr) contents.  
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Fig. 1. Changes in the luminance difference 

between the before and after discharge regions 

observed with full-white background after an 

iterant 60 s sustain discharge of temporal image 

sticking under various (a) panel working gas 

pressure, (b) He, and (c) Xe contents. 
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Figure 1. Schematic diagram of conventional COG 
and COF bonding on panel 

 
 

3. Discussion 
 

Fig. 2 shows a graph of thermo gravimetry analysis (TGA) 
of our new polymer substrate material.  
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Figure 2. TGA thermogram of new plastic substrate 
 
The polymer exhibits negligible weight loss at high 

temperatures up to 500oC. The CTE of our polymer film 
was measured in a thermomechanical analyzer (TMA) in 
the temperature range of 50 to 300℃. The obtained value 
was about 3 ppm/℃ over the entire measurement range. 
Maintaining a close match with the CTE of the glass carrier 
(3 ppm/oC) is important to minimize thermal stress and to 
preserve accurate overlay registration over a large substrate 
area (370 mm x 400 mm). These properties satisfied the 
implementation of the plastic substrate to the LTPS process. 

We have shown the critical issues during bonding of the 
COF on flexible panel in fig. 3. Air bubbles, cracks, and 
misalignment can occur. According to our technical 
experience, the lamination process used for anisotropic 
conductive film (ACF) is critically important for removal 
of air bubbles. The crack is dependent on process pressure 
of the bonding condition. The misalignment can be 
prevented by considering thermal expansion differences 
between ACF, the flexible substrate, and COF.  
  

    
         (a)                    (b) 

 
Figure 3. Process issues during bonding of COF on 
flexible substrate: (a) air bubble and misalignment, 

(b) crack of panel pad 
 

We are investigating candidate TSPs and polarizers for 
the flexible AMOLED display. It is common knowledge 
that thinner is better; however, there is thickness minimum 
for film type polarizers, and an electrical limitation for 
capacitive type of film on a flexible AMOLED. We will 
report on an acceptable TSP and polarizer after feasibility 
testing is completed, which will be soon.  
 

4. Summary 
 

We have determined two important factors for materials 
and components for flexible AMOLED displays. On the 
material side, high heat resistance and low CTE for the 
flexible substrate are required for compatibility with mass 
production methods. For the flexible module, the bonding 
technique between COF/COF and the flexible substrate is 
significantly important. A slim polarizer and flexible TSP 
were considered simultaneously to improve flexibility. 
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Fig. 2. Changes in the normalized luminance 

between the before and after discharge regions 

observed with full-white background during an 

iterant 1000 h sustain discharge of permanent 

image sticking under various (a) panel working gas 

pressure, (b) He, and (c) Xe contents. 

2. Experimental setup 

To produce the temporal and permanent image 

sticking, the entire region of the 42-in. and 50-in. test 

panel was changed to a full-white background 

immediately after displaying a square-type image 

(discharge region) at a peak luminance for about 60 s 

and 1000 h, respectively. The frequency for the 

sustain period was 200 kHz. A driving method with a 

selective reset waveform was also adopted. In cases of 

the various working gas pressure and Xe contents, the 

different voltage levels of the driving waveforms were 

applied to each test panel due to the different firing 

condition. Whereas, in case of the various He contents, 

the same voltage levels of the driving waveforms were 

applied to each panel due to the same firing condition. 

3. Results and Discussion 

Figs. 1 (a), (b), and (c) show the changes in the 

luminance and luminance difference between the 

before and after discharge regions observed with full-

white background after an iterant 60 s sustain 

discharge of the temporal image sticking with a 

square-type image at peak luminance of the 42-in. and 

50-in. test panel under various panel working gas 

pressure, He, and Xe contents. As shown in Figs. 1 (a) 

and (c), as the working gas pressure and the Xe 

contents were decreased, the temporal image sticking 

was reduced. On the other hand, as shown in Fig. 1 (b), 

as the He contents were increased, the temporal image 

sticking was reduced. Figs. 2 (a), (b), and (c) show 

changes in the normalized luminance between the 

before and after discharge regions observed with full-

white background during an iterant 1000 h sustain 

discharge of the permanent image sticking with a 

square-type image at peak luminance of the 42-in. and 

50-in. test panel under various panel working gas 

pressure, He, and Xe contents. As shown in Fig. 2 (a), 

as the working gas pressure was increased, the 

permanent image sticking or life time was reduced. 

On the other hand, as shown in Figs. 2 (b) and (c), as 

the He and Xe contents were decreased, the 

permanent image sticking or life time was reduced. 

(a)

(b)

(c)

4. Summary

Image sticking phenomenon in ac-PDP is a critical 

issue, so that the detailed research is needed to 

eliminate such a side effect completely. The effects of 

the temporal and permanent image stickings were 

examined under various panel working gas pressure, 

He, and Xe contents in the 42-in. and 50-in. ac-PDP. 

With a decrease in the working gas pressure and Xe 

contents, and an increase in the He contents, the 

temporal image stickings were observed to be reduced. 

Whereas, with an increase in the working gas pressure, 

and a decrease in the He and Xe contents, the 

permanent image stickings were observed to be 

reduced. In this sense, this paper can contribute to 

giving a clue for reducing the temporal and permanent 

image stickings in ac-PDP. 
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Abstract 

Materials and components for flexible AMOLED 
displays are reviewed in this paper. Plastic substrates 
need high thermal resistance and a low coefficient of 
thermal expansion for mass production compatibility. 
Flexible modules such as chip on flexible substrate, slim 
polarizer, and touch screen panel are also important for 
realization of flexible AMOLED displays. 

 
 

1. Introduction 
 

Active matrix organic light-emitting diodes (AMOLEDs) 
have attracted considerable interest in the emerging 
electronic device market because they are thinner, faster 
and more power efficient than active matrix liquid-crystal 
displays (AMLCDs). Some researchers have demonstrated 
flexible AMOLEDs with various thin film transistors 
(TFTs) on flexible substrates. [1-3] 

To realize flexible AMOLEDs, two important key 
requirements should first be satisfied or resolved for panel 
manufacturing. The first requirement is to fabricate a robust 
thin-film transistor on flexible substrate with high electrical 
performance. Although conventional amorphous silicon (a-
Si) TFTs show uniform electrical characteristics even over 
an 8th generation substrate (2200 mm ×2500 mm), they 
have poor electrical performance (<0.5cm2/V-s) and are 
unstable under a constant bias stress, which makes them 
unsuitable for OLED driving devices. [4-5] On the other 
hand, low temperature poly silicon (LTPS) TFTs have high 
mobility (>50cm2/V-s) and stable electrical performance as 
OLED driving devices. However, there are still significant 
issues including the high process temperature (>500oC) 
during dehydrogenation and activation of the dopant.  

Recently, several research groups have shown interest in 
polymer substrates [5]. Polyimide materials were mainly 

considered for use as flexible substrates because of their 
excellent mechanical properties (tensile strength, flexibility, 
modulus, etc.) and good coefficient of thermal expansion 
(CTE: 3-50 ppm/oC) [6]. However, their properties are 
unacceptable for LTPS processes, because the maximum 
processing temperature of plastic has been around 350oC, 
limited by glass transition temperature (Tg), and outgassing 
properties of polymer materials have not been acceptable 
for mass production. Therefore, selection of TFT backplane 
on plastic has been restricted to low-temperature process 
options such as amorphous silicon (a-Si) TFTs or metal 
oxide semiconductor TFTs. 

The other requirement is to achieve flexibility of the 
AMOLED module, including flexible components such as a 
flexible chip on flexible substrate (COF) and flexible touch 
screen panel (TSP). Generally, chip on glass (COG) is used 
to bond the panel to its driver ICs. However, COG is not an 
acceptable option for a flexible substrate because of its 
rigidity. In terms of the touch sensor, a capacitive type on 
plastic substrate is widely used for conventional cell phones 
because of low cost. However, thickness of the capacitive 
technology, which is currently around 200µm, needs to be 
decreased because flexibility decreases as device thickness 
increases. The last issue toward achieving a flexible module 
relates to thickness of the polarizer. As described in the case 
of the touch sensor, a thinner polarizer is needed to achieve 
best flexibility.    

 
2. Experiments  

 
We previously reported about panel fabrication of the 

flexible AMOLED at SID’10. [7] Bonding of COF and 
COG with the panel was performed using heat and pressure, 
as shown in figure 1. The touch sensor and polarizer were 
laminated using conventional lamination techniques.  
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